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Pollen grains were studied which are associated with supposed ginkgoalean seeds and leaves from the Middle
Jurassic locality of Angren in Uzbekistan. The fine morphology of the pollen grains was observed with the help
of light, confocal laser scanning, scanning electron, and transmission electron microscopes. The morphology
and ultrastructure of the pollen grains show that although some of them belong to ginkgoaleans, others belong
to conifers and cycadaleans. Bisaccate conifer pollen grains were found in the pollen chambers of seeds of
Allicospermum sp. and A. angrenicum. Non-saccate boat-shaped pollen grains that can be ascribed to the genus
Cycadopites were found in association with a seed of Ginkgo gomolitzkyana, leaves of Sphenobaiera angrenica,
and in pollen chambers of seeds of A. angrenicum. These Cycadopites pollen grains show several types of exine,
which allowed us to draw conclusions about their botanical affinities. The Cycadopites pollen associated with a
seed of Ginkgo gomolitzkyana shows a ginkgoalean exine ultrastructure. Of interest is that its ultrastructure
shows some dissimilarities from that of pollen grains of the ginkgoalean morphology and ultrastructure, which
were earlier studied from the pollen chamber of a seed of A. budantsevii from the same locality. We think on
this basis that at least two members of the ginkgoaleans grew in the cenose. The Cycadopites pollen grains
from leaves of S. angrenica and from pollen chambers of seeds of A. angrenicum show a cycadalean exine ultra-
structure. In sum, the morphological studies revealed pollen grains of two members of ginkgoaleans associated
with the ginkgoalean remains and pollen grains of conifers that are most probably alien to the enclosing seeds.
As to the cycadalean pollen from the seeds of A. angrenicum, the seeds were either contaminated by cycad pollen
or produced by a cycadalean parent plant rather than a ginkgoalean plant. The revealed pollen diversity is an ar-
gument to be more careful while reconstructing whole plants on the basis of such materials.

© 2016 Elsevier B.V. All rights reserved.
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1. Introduction

The material under study comes from the Angren locality of
Uzbekistan, dated to the Middle Jurassic (Sixtel, 1953; Gomolitzky and
Lobanova, 1969; Gomolitzky et al., 1981), probably Aalenian–Bajocian
(Troitsky and Gomolitzky, 1996; Nosova, 1998a). The locality has long
attracted the attention of paleobotanists because of its rich assemblage
of well-preserved fossil plants. Most collections come from waste tips
from the coal seam and some from boreholes; palynological assem-
blages from outcrops also were studied. Studies were accomplished by
Brick (unpublished data), Sixtel (1939, 1953), Kuzichkina and Sixtel
(1966), Gomolitzky (1962a, 1962b, 1963, 1974), Gomolitzky and
Lobanova (1969), Gomolitzky et al. (1981), and Samylina and Nosova
(Samylina, 1990; Samylina and Kirichkova, 1991; Samylina and
Luzina, 1995;1 Nosova, 1998a, 1998b, 1999, 2009, 2012, 2013).
In her review of this flora, Nosova (1998a) mentioned 52 species of
fossil plants. Spore-bearing plants (horsetails, lycopods, and ferns)
are not numerous. Gymnosperms are most diverse and abundant.
Their taxa include the cycads Ctenis angrenica and Nilssonia serrata, the
bennettites Anomozamites embensis, Anomozamites sp., Nilssoniopteris
angrenica, N. angustifolia, Pterophyllum angrenicum, Cycadolepis
angrenica, C. minuta, C. cf. stenopus, and Cycadolepis sp., the
czekanowskialeans Czekanowskia australis, C. eugeniae, C. sixteliae, C.
uzbekistanica, Phoenicopsis angrenica, P. asiatica, P. densistomatica, and
P. taschkessiensis, the ginkgoaleans Ginkgo asiatica, G. gomolitzkyana, G.
gromykoi, G. aff. insolita, G. troitzkii, Sphenobaiera angrenica, and Nagrenia
samylinae, the presumed ginkgoaleans Allicospermum budantsevii and .
angrenicum, and the conifers Podozamites sp., Pagiophyllum fragile,
Podocarpophyllum singulare, Elatocladus laxus, E. zamioides, and
Elatocladus sp. (Nosova, 1998a, 1998b, 2009, 2012, 2013; Gordenko,
2015). Samylina (1990) described the genus Grenana Samylina from
the locality as a member of the pteridosperms. Zhou (1997), Wu et al.
(2006), and Yang et al. (2008) considered Grenana within the
ginkgoaleans.
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Nosova and Gordenko (2012) restudied Samylina's material
and concluded a ginkgoalean affinity of Grenana. These results were
published in more detail by Nosova (2013) and Gordenko (2015). Sev-
eral seeds containing pollen grains were discovered in the course of
their study; pollen grains were also found on the surface of seeds of
Ginkgo gomolitzkyana and in association with other plant remains
(Nosova, 2012).

The present paper focuses on the fine morphology of these pollen
grains. Originally, our aims were to obtain detailed data on the
morphology and exine ultrastructure of the pollen grains with help of
light and electron microscopy and to check the ginkgoalean interpreta-
tion of the seeds via an independent method. In the course of our work,
we also realized the importance of one more goal: to estimate the reli-
ability of finds of pollen in pollen chambers and on the surface of
seeds for determination of the affinity of the pollen. Does such a co-
occurrence always mean that the pollen and seed were produced by
plants of the same taxon?What is the probability of finds of alien pollen,
and how to differentiate between alien and innate pollen? This is im-
portant in light of whole-plant reconstructions and recent changes of
the International Code of Nomenclature for algae, fungi, and plants,
which allowed descriptions of the remains of different plant organs
under the same taxonomic name if a whole plant is reconstructed
(Zijlstra, 2014).

Our first ultrastructural study on thematerial from the Angren local-
ity (Zavialova et al., 2013, 2014)wasmade on pollen grains found in the
pollen chamber of a seed of Allicospermum budantsevii Gordenko
(2015). Zavialova et al. (2013, 2014) concluded that the pollen grains
derived from one plant source and that their morphology and
ultrastructure confirmed the ginkgoalean affinity.

Results of our further study of pollen grains associated with
ginkgoalean seeds and leaves are described in the present paper.
2. Material and methods

We have studied several pools of pollen grains from this collec-
tion: pollen yielded from maceration of (1) a seed of Ginkgo
gomolitzkyana Nosova (2012) and (2) a leaf of Sphenobaiera
angrenica (Samylina) Nosova (2013) and pollen extracted from
pollen chambers of seeds of (3) Allicospermum sp. (see the descrip-
tion below) and (4) A. angrenicum Nosova (2013). All found pollen
grains were studied with a light microscope (LM), some of them with
a confocal microscope (CLSM), some, with a scanning electron
microscope (SEM), and some, with a transmission electron microscope
(TEM). Some of the specimens were studied consequently with help of
LM, CLSM, SEM, and TEM. Several specimens were lost before the TEM
stage of work, because the procedure included risky manipulations.
Since several pollen grains were completely hidden by cuticle remains,
there were no sense to observe such specimens under SEM, and we
embedded them for TEM immediately after LM.

1. One pollen grain was found on a cuticle fragment from a macerated
seed of Ginkgo gomolitzkyana (spec. BIN 821/45-15(2); Nosova,
2012, plate I, 1a, holotype) and studiedwith LMandTEM.Maceration
of one more seed of G. gomolitzkyana (spec. BIN 813/66; Nosova,
2012, plate II, 15, plate VIII, 1–3) yielded in one spore and two
boat-shaped pollen grains. The spore and pollen grains were found
after maceration on detached pieces of the cuticle. We did not
proceed with them further for electron microscopy because they
were poorly preserved.

2. After maceration, four boat-shaped pollen grains were found on the
cuticle of Sphenobaiera angrenica (spec. BIN 822/11(35)). We
managed to cut two pollen grains for TEM.

3. We found several bisaccate pollen grains in the pollen chamber of
Allicospermum sp. (spec. BIN 822/7) and observed them in transmit-
ted light.
4. We found pollen grains in pollen chambers of two seeds of
Allicospermum angrenicum. One of them (spec. BIN 813/77)
contained about ten boat-shaped pollen grains and one bisaccate
pollen; and the other (spec. BIN 813/79) contained more than twen-
ty boat-shaped pollen grains. From the seed spec. BIN 813/77, we
studied all pollen grains with LM, seven with SEM, and four with
TEM. We studied all pollen grains from the seed spec. BIN 813/79
with LM, five groups with CLSM, and over ten pollen grains with
SEM and TEM.

The chemical treatment and light- and electron-microscopical
methods and equipments are the same as we applied in our previous
study of pollen grains from this locality (Zavialova et al., 2014). The
only exception is confocal microscopy, which this time was accom-
plished with a CLSM LSM 780 (Carl Zeiss) confocal microscope at the
Core Centrum ‘Cell and Molecular Technologies in Plant Science’ at the
Komarov Botanical Institute of the Russian Academy of Sciences, after
Gavrilova (2014). Unstained pollen grains were mounted in glycerin
slides. The pollen grains have been analyzed with a 63 × 10 oil immer-
sion objective using a 561 nm laser. The distance between virtual
sections was 0.2 μm. The imaging, 3D reconstruction, visualization,
and measuring operations were made by Zen 2011 imaging software.

The specimens from theAngren locality are housed at the Laboratory
of Palaeobotany of the Komarov Botanical Institute of the Russian Acad-
emy of Sciences (BIN RAS), Saint Petersburg. Remains of polymerized
resins with embedded fossil pollen grains, grids with ultrathin sections,
negatives, and digital photos of all types are kept at the Laboratory of
Palaeobotany, A.A. Borissiak Palaeontological Institute of the Russian
Academy of Sciences, Moscow.

3. Results

3.1. Remains of Ginkgo gomolitzkyana and associating pollen (Plate I, 1–6;
Plate II, 1; Plate III, 1, Plate IV, 1–8)

Fossil remains ofGinkgo gomolitzkyana are represented bynumerous
detached seeds and several ovules with minor pedicel fragments (Plate
I, 1–3). Two layers, a sarcotesta and a sclerotesta, are visible in the integ-
ument of the ovules and seeds. Their maceration results in four acid-
resistant membranes: the outer and inner cuticles of the integument,
the cuticle of the nucellus, and the megaspore membrane. The nucellus
is free from the integument for approximately a half of its height (Plate I,
4). Epidermal cells of the nucellus and the structure of the megaspore
membrane are similar to those of G. biloba (Plate I, 5, 6). The collar
and seeds display a Ginkgo-like type of stomatal structure.

The pollen grain found attached to a piece of cuticle from spec. BIN
821/45-15(2) (Plate II, 1) is boat-shaped, of Cycadopites-type,
38.2 × 20.9 μm (the longest axis x the shortest axis), with a sulcus
stretching from one extremity of the pollen grain to the other. Optical
sections show that the exine is not homogeneous (Plate III, 1). TEM
confirmed the presence of a sulcus (Plate IV, 1).

The outer contour of the exine is straight in sections, this implies that
the exine surface is nearly smooth. Very rarely occurring elements of the
relief are perforations in the tectum, which occasionally connect the
surface and infratectal hollows (Plate IV, 8, arrows). The tectum is
relatively prominent, mostly continuous, approximately 0.37 μm thick.
The infratectum is also relatively thick (up to 0.57 μm). We traced in a
succession of sections outlines of the constructing units and concluded
that most of them are granular elements (Plate IV, 2–5, 7, 8). These
elements are more often fused to the tectum than to the foot layer
(Plate IV, 2, 3). There are prominent hollows between the infratectal el-
ements (Plate IV, 4, 6); these hollows do not differ in size significantly
between the proximal and equatorial areas (Plate IV, 1, 2). The foot
layer is not easily discernible; it is much thinner than the overlying
layers and varies in thickness where visible from 0.17 to 0.3 μm (Plate
IV, 1, 2, 3, arrows). Towards the aperture, the ectexine becomes thinner
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and transforms into a homogeneous layer, since the infratectum
disappears (Plate IV, 1, 6). The endexine is prominent, about 0.27–
0.37 μm thick, layered, though we did not detect unequivocal lamellae
(Plate IV, 6, 7).

3.2. Leaves of Sphenobaiera angrenica and associating pollen (Plate I, 7, 8;
Plate III, 2–5; Plate V, 1–8)

Leaves of Sphenobaiera angrenica dichotomize once or twice (Plate I,
7, 8). The leaf lamina lacks a distinct petiole, which is confirmed by the
epidermal pattern: the stomatal topography and the cell shape in the
basal part of the leaf match those in the rest of the lamina.

We found non-saccate ellipsoidal pollen grains attached to a piece of
the leaf cuticle of Sphenobaiera angrenica. The pollen grains appeared to
be monosulcate; however, rather prominent folds occur along the sul-
cus, and we were not completely sure about the aperture number
based on LM data alone (Plate III, 2–5).

A small patch of the cuticle bearing two pollen grains was detached
from a larger piece of the cuticle and embedded (Plate III, 2, 3). The
outer contour of the exines is more or less straight, occasionally slightly
wavy (Plate V, 7), with depressions (Plate V, 4, to the left); no canals
connecting the surface and the infratectum were detected. It seems
that the exine surface was nearly smooth, perhaps with occasional
small pits or short grooves. The sections we got were most probably
oblique and we were not totally sure about the aperture on their basis.
One of the pollen grains was cut in non-apertural areas (Plate V, 3, 8);
the other shows folds, which are probably situated in the apertural
area (Plate V, 1). The exine varies in thickness considerably; that is prob-
ably due to the obliqueness of the sections (e.g., Plate V, 1). Variations in
thickness also occur in the sublayers of the exine. The tectum is solid,
more often thick than thin (Plate V, 3, 7). There is no distinct boundary
between the tectum and infratectum. The tectum grades into the
infratectum, which is pierced with small alveolae. The alveolae are
rare in some sections (Plate V, 1), but relatively numerous and irregular-
ly scattered in others (Plate V, 8). They are isodiametric inmost sections
(Plate V, 2, 4), but more elongated and regular in some others (Plate V,
7). The sections are not good enough to conclude about the presence or
absence of a foot layer. The endexine is present (Plate V, 5); we did not
discern any lamellae in this layer.

3.3. A seed of Allicospermum sp. and pollen grains in its pollen chamber
(Plate II, 4; Plate III, 7)

The seed of Allicospermum sp. is bilateral, ovate in outline, with a
rounded base and a mucronate apex (Plate I, 13). It is 4.8 mm long
and 3 mm wide. Two layers, a sarcotesta and a sclerotesta, are visible
in the seed coat. The sclerotesta is 0.27 mm thick in the middle part
and 0.44 mm thick near the apex. Maceration reveals three acid-
resistant membranes: the outer cuticle of the seed coat, the cuticle of
the nucellus, and the megaspore membrane. The preservation did not
allow the study of the outer cuticle of the seed coat. The nucellus is
free from the seed coat approximately in the upper half of its height
(Plate I, 14). A nucellar beak is 0.25 mm long, 0.29 mm wide at the
base and 0.19 mm wide at the apex. The nucellar cuticle is thin. At the
apex, the cells are elongated and tetra- to pentagonal with rounded cor-
ners. Themegaspore membrane is 2.5 × 3mm in size. It is made up of a
patterned layer and a foot layer, the latter being about 0.24–0.35 μm
thick. The patterned layer is 7–10 μm thick and composed of vertical
(near the foot layer) to oblique bacula 0.2–0.6 μm thick, some of
which are branched and interconnected to form a network (Plate I, 17,
18). More crowded bacula are situated near the foot layer. The
interbacular lacunae vary in width, reaching up to 1.6 μm. The scarcity
of the material and lacking data on the epidermal structure of
the outer cuticle of the seed coat prevent the specific determination of
the seed. In shape and dimensions, it is comparable to seeds of
A. angrenicum and A. budantsevii, but has a megaspore membrane that
is 2.5–3 times thicker than in seeds of A. angrenicum and A. budantsevii.

We found several pollen grains, all of themwere large and bisaccate,
reaching about 53 × 93 μm (Plate II, 4, III, 7). Since they are most
probably alien to this seed, we did not proceed with them further for
electron microscopy.

3.4. Seeds of Allicospermum angrenicum and pollen grains in their pollen
chambers (Plate II, 2, 3, 5–7; Plate III, 8–16; Plate VI, 1–6; Plate VII, 1–11;
Plate VIII, 1–8; Plate IX, 1–8; Plate X, 1–8; Plate XI, 1–5)

The collection includes seeds of Allicospermum angrenicum, which
are bilateral, ovate in outline, with a rounded base, and occasionally
with a mucronate apex (Plate I, 9, 11). Two layers, a sarcotesta and a
sclerotesta, are visible in the integument. The sarcotesta contains ellip-
soid resin bodies. Maceration reveals three acid-resistant membranes:
the outer cuticle of the seed coat, the cuticle of the nucellus, and the
megaspore membrane (Plate I, 10, 12). The stomata are rare and in
some seeds absent (Plate I, 16). Under SEM (inner view), they appear
abortive with undeveloped guard cells and the aperture is sealed with
a cutin plug. The nucellus is free from the integument approximately
in the upper 1/2–1/3 of its height. A pollen chamber and a nucellar
beak are situated in the upper part of the nucellus. The membrane is
made up of a patterned layer and a foot layer. The patterned layer is
composed of crowded vertical bacula, some of which are branched
and interconnected to form a network (Plate I, 15).

Two of these seeds contained pollen grains: about 10 pollen grains in
spec. BIN 813/77 (Plate II, 2, 3) and about 20 pollen grains in spec. BIN
813/79 (Plate II, 5–7). All pollen grains are boat-shaped and non-
saccate, except one bisaccate pollen observed in spec. BIN 813/77
(Plate II, 3, arrow; Plate III, 8; Plate VI, 1). We are quite sure that the
bisaccate pollen is alien to the seed, but for several reasons (see
Discussion) we were not sure beforehand that all boat-shaped pollen
grains originated from one and the same plant source. Therefore,
below we describe separately each boat-shaped pollen grain or group
of pollen, which we extracted and studied from these seeds, compare
the descriptions, and only after conclude about their affinity or affinities.

3.4.1. Pollen grains of spec. BIN 813/77 (Plate II, 2, 3; Plate III, 6, 8–12; Plate
VI, 1–3, 6; Plate VII, 1–11)

A pollen grain designated as spec. BIN 813/77-1 was mechanically
damaged during manipulations, and we were able to get only partial
information about its morphology and ultrastructure (Plate III, 9). It is
about 44.8 μm long, most probably broadly elongated, and with a long
aperture or apertures. Sections in non-apertural areas showed an
exine of about 1.1 μm thick, which consists of an ectexine of 0.98 μm
thick and an endexine of 0.16 μm thick. The ectexine consists of a homo-
geneous tectum of 0.48 μm thick, an infratectum of 0.5 μm thick, which
underlies the tectumwithout a distinct boundary and is piercedwith ir-
regularly distributed alveolae, and a foot layer about 0.03 μm thick,
which is detected only in places (Plate VII, 1, 9). The alveolae are mostly
rounded in sections and up to 0.1 μm in diameter. They fuse into more
elongated structures in places and vary in density. The endexine is
more electron dense than the ectexine, appears homogeneous, but
two white lines are detected in places in its upper area. We have ob-
served two thinned areas that supposedly correspond to the apertural
or near-apertural exine; there is a mechanical rupture at one of these
thinned areas in most of the sections (Plate VII, 1). Since the sections
were obliquely orientated, we incline that it is more probable that the
only aperture was passed twice than that there weremore than one ap-
erture. Towards the aperture, both the tectum and infratectum gradual-
ly diminish, though we still discern alveolae in the thinned areas. The
external contour of the exine towards the apertural areas is slightly un-
dulated (=the surface pattern seems slightly more distinct in this re-
gion than in non-apertural areas).
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A pollen grain designated as spec. BIN 813/77-6 (Plate III, 11) is
40.0 × 21.1 μm, with a distinct sulcus, which is stretched from one
extremity of the pollen to the other and surrounded by folds; the prox-
imal surface is scabrate (Plate VI, 2, 6).

A pollen grain designated as spec. BIN 813/77-9 is ellipsoidal,
35.8 × 18.8 μm, with a long sulcus stretched from one extremity of the
pollen to the other and surrounded by prominent parallel long folds
(Plate III, 6). The surface pattern is indistinct and scabrate (Plate VI, 3).
In sections, we recognized an ectexine and a more electron-dense end-
exine (Plate VII, 4, 5). The non-apertural exine varies from 0.7 to 1.0 μm,
with the ectexine about 0.82 μm thick (tectum and infratectum are
Plate I. Seeds and leaves from the Jurassic Angren locality in Uzbekistan, LM, SEM.

1–6 — Ginkgo gomolitzkyana Nosova: 1a— ovule with a minor pedicel fragment, spe
spec. BIN 821/46-17, 3— spec. BIN 813/66; 4—megaspore membrane with upp
ternal view, SEM, spec. BIN 821/45-9; 6 — megaspore membrane, SEM, spec. BI

7, 8 — Sphenobaiera angrenica (Samylina) Nosova: 7 — leaf fragment, spec. BIN 813/
9–12, 15, 16 — Allicospermum angrenicumNosova: 9, 10— spec. BIN 813/79, holotype: 9— se

eration; 15— transverse section of megaspore membrane, SEM, spec. BIN 813/7
13, 14, 17, 18 — Allicospermum sp., spec. BIN 822/7: 13— seed; 14—megasporemembrane w

membrane, SEM; 18— megaspore membrane, SEM.
Scale bars: 1–4, 7–14 — 1 mm; 5–20 μm; 6, 15, 17 — 2 μm; 16— 50 μm; 18— 5

Plate II. Seeds and pollen grains in the seeds from the Jurassic Angren locality in Uzbekistan, L

1. Ginkgo gomolitzkyana Nosova, spec. BIN 821/45-15(2).
2. Pollen chamber of a seed of Allicospermum angrenicum Nosova, spec. BIN 813/77.
3. Enlargement of 2. About ten pollen grains are visible; one of them is bisaccate (a
4. Pollen chamber of a seed of Allicospermum sp. spec. BIN 822/7, with bisaccate polle

the pollen chamber (see enlargement in Plate III, 7).
5, 7. Enlargements of 6. Arrows point on pollen grains that are less clearly visible at th
6. Pollen grains in the pollen chamber of a seed of Allicospermum angrenicum Nosov

Scale bar: (1) 1 mm, (2, 6) 200 μm, (3–5, 7) 50 μm.

Plate III. Pollen grains associated with seeds and leaves from the Jurassic Angren locality in Uz

1. Pollen associated with Ginkgo gomolitzkyana Nosova, spec. BIN 821/45(15), see P
2–5. Pollen grains associated with Sphenobaiera angrenica (Samylina) Nosova (spec. B
2, 3. Pollen grains were further studied with TEM (Plate V, 1–8).
6. Pollen grain from spec. BIN 813/77, designated as spec. BIN 813/77-9 (Plate VI, 3
7. Bisaccate pollen grain in the pollen chamber of Allicospermum sp., spec. BIN 822/
8. A bisaccate pollen grain from Allicospermum angrenicum Nosova, spec. BIN 813/7
9. A damaged pollen grain from Allicospermum angrenicum Nosova, spec. BIN 813/7
10. Pollen from Allicospermum angrenicum Nosova, spec. BIN 813/77, designated as s
11. Pollen from Allicospermum angrenicum Nosova, spec. BIN 813/77, designated as s
12. A damaged pollen grain from Allicospermum angrenicum Nosova, spec. BIN 813/7
13. Pollen from Allicospermum angrenicum Nosova, spec. BIN 813/79, designated as s
14. Several damaged pollen grains from Allicospermum angrenicum Nosova, spec. BIN
15. Group of pollen grains from Allicospermum angrenicum Nosova, spec. BIN 813/79
16. Group of pollen grains from AllicospermumangrenicumNosova, spec. BIN 813/79, d

4, 5; XI, 1–5.
17. Group of pollen grains from Allicospermum angrenicum Nosova, spec. BIN 813/79

All photos were made under the same magnification, scale bar (1–17) 20 μm.

Plate IV. Exine ultrastructure of a pollen grain associated with Ginkgo gomolitzkyana Nosova, n
page 8)

1. Proximal face is to the bottom of the figure. The exine invaginates and becomes
layer; asterisks, on the apertural area.

2. Two arrows point on a foot layer between them.
3. Area of the section. Infratectal elements are more often fused to the tectum than
4, 5, 7, 8. The same area of the exine in successive sections showing that most infratectal e
6. Area of the section, distal face is to the right, bottom right the infratectum of the
8. Arrows point on perforations in the tectum.

Scale bar: (1, 2, 4, 5, 7, 9) 0.67 μm; (3, 6) 0.5 μm.

Plate V. Exine ultrastructure of two pollen grains associated with Sphenobaiera angrenica (Sa
Uzbekistan, TEM. One of the pollen is shown in 1, 5, 7, and the other in 2–4, 6, 8. (see on page

1. A section through folds (aperture?), alveolae are rare.
2, 4. Enlargements of 3.
3. A section in non-apertural area.
5. One face of the exine, prominent endexine is to the left (between two arrows).
6. Enlargement of 8, note numerous alveolae.
7. Two faces of the exine, some alveolae are elongated (arrows).
8. A peripheral section.

Scale bar: (1) 2 μm, (2, 7) 0.5 μm, (3, 4, 6, 8) 1 μm, (5) 0.25 μm.
more or less equal in thickness, and we failed to distinguish the foot
layer) and the endexine of 0.15 μmthick. The infratectummostly resem-
bles that of spec. BIN 813/77-1, but in places elongated alveolae were
observed, which were perpendicular to the surface of the exine (Plate
VII, 5). The endexine appears homogeneous, no white lines were
observed. TEM confirms that the aperture is single and long folds
surrounded it are folds rather than additional apertures (Plate VII, 4).
The ultrastructure of the exine changes only in the area of the sulcus:
the ectexine diminishes up to a thin homogeneous layer (no alveolae
were observed in the very floor of the aperture), and no changes were
observed in the endexine (Plate VII, 4).
c. BIN 821/45-15(1), holotype; 1b, c — seeds, spec. BIN 821/45-15(2, 3); 2, 3 — seeds: 2 —
er part of the nucellar cuticle, spec. BIN 821/46-33; 5— stoma of the seed integument, in-
N 821/46-30;
1 N 13, holotype; 8 — leaf fragment with a base, spec. BIN 813/73;
ed, 10— seed after maceration; 11, 12— spec. BIN 813/77: 11— seed, 12— seed aftermac-
9; 16 — abortive stomata with papillae, LM, spec. BIN 813/79;
ith upper part of the nucellar cuticle (see Plate II, 4); 17— transverse section of megaspore

μm.

M. (see on page 6)

rrow).
n grains, two of which are clearly visible and several more are present in the deeper area of

e background of the cuticle.
a, spec. BIN 813/79.

bekistan, LM. (see on page 7)

late IV, 1–8.
IN 822/11(35)).

).
7. Enlargement of Plate II, 6.
7 (Plate II, 3, arrow), is also shown in Plate VI, 1.
7, designated as spec. BIN 813/77-1, see Plate VII, 1, 9.
pec. BIN 813/77-4, see Plate VII, 2, 3, 8, 10.
pec. BIN 813/77-6, see Plate VI, 2.
7, designated as spec. BIN 813/77-5, see Plate VII, 6, 7, 11.
pec. BIN 813/79-1 (see Plate II, 7, top of figure; Plate VIII, 4, 8).
813/79, designated as spec. BIN 813/79-3, see Plate VIII, 1, 2, 5, 6.

, designated as spec. BIN 813/79-7, see Plate VIII, 3, 7.
esignated as spec. BIN 813/79-8. The lowest pollen grain is shown in Plates IX, 2–4, 6–8; VI,

, designated as spec. BIN 813/79-5 (also shown in Plate IX, 1, 5; Plate X, 1–8).

o. 821/45(15), see Plate III, 1, from the Jurassic Angren locality in Uzbekistan, TEM. (see on

thinner in the area of the sulcus at the expense of the infratectum. Arrow points on a foot

to the underlying layer. Two arrows point on a foot layer between them.
lements are probably granules.
distal side disappears towards the aperture (asterisk).

mylina) Nosova spec. BIN 822/11(35) (Plate III, 2, 3) from the Jurassic Angren locality in
9)
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A pollen grain designated as spec. BIN 813/77-4 (Plate III, 10) is oval,
33.3 × 24.8 μm, and monosulcate (though the aperture is poorly visible
against the background of the cuticle). The proximal exine varies in
thickness from 1.13 to 0.75 μm (Plate VII, 3). The tectum and
Plate
infratectum of the proximal exine are approximately equal in thickness,
though there are places where either the one or the other sublayer is
thicker (Plate VII, 3). The infratectal alveolae vary in outlines, they are
mostly irregularly distributed or are arranged in several indistinct
I.

Image of Plate I


Plate II (caption on page 4).
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Image of Plate II


Plate III (caption on page 4).

131N. Zavialova et al. / Review of Palaeobotany and Palynology 233 (2016) 125–145

Image of Plate III


Plate IV (caption on page 4).
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Image of Plate IV


Plate V (caption on page 4).
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Image of Plate V


Plate VI. Pollen grains from seeds of Allicospermum angrenicum Nosova from the Jurassic Angren locality in Uzbekistan, SEM.

1. Bisaccate pollen from spec. BIN 813/77, see Plate III, 8.
2. Pollen from spec. BIN 813/77, designated as spec. BIN 813/77-6, proximal face, Plate III, 11.
3. Pollen from spec. BIN 813/77, designated as spec. BIN 813/77-9, proximal face, Plate III, 6.
4. A pollen grain from spec. BIN 813/79, partially visible under the cuticle, the group of pollen grains was designated as spec. BIN 813/79-8, Plate III, 16.
5. Enlargement of 4, distal face.
6. Area of the surface of pollen from spec. BIN 813/77-6.

Scale bar (1) 10 μm, (2–4) 5 μm, (5) 2 μm, (6) 1 μm.
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rows (Plate VII, 2, 3, 8). We did not distinguish an unequivocal foot
layer; contrariwise, the endexine shows several distinct white lines in
its outer portion (Plate VII, 10). It is difficult to decide whether we
observe a foot layer or the white line of the outermost lamella of the
endexine. Distally, the ectexine becomes thinner (Plate VII, 3, 8). To-
wards the aperture, the infratectum occupies a greater portion of the
ectexine, partitions between the alveolae become thinner, in places
the alveolae appear more regular and are situated perpendicular to
the exine surface. In the apertural area, the ectexine is undulating, its
thickness reduces up to 0.09–0.15 μm; occasionally, short alveolae are
present. Since the thickness of the exine repeatedly varies over the
apertural region, we think that the surface pattern of the apertural re-
gion was more distinct unlike non-apertural regions, where the outer
contour of the exine is nearly straight, with rare depressions.

A pollen grain designated as spec. BIN 813/77-5 (Plate III, 12) is
about 44.4 × 29.8 μm, and although it was mechanically damaged, we
obtained representative sections of unbroken areas of its exine (Plate
VII, 6). The exine is about 1.12 μm thick, with the ectexine of about
1 μmand the endexine about 0.16 μmthick. The tectumand infratectum
are approximately equal in thickness; in places, we distinguished a thin
foot layer (Plate VII, 11). The outer contour of the exine in non-apertural
regions is straight, thatmeans that the surfacewasmore or less smooth.
The infratectum is composed of alveolae, most of which are elongated
and situated perpendicular to the exine surface (Plate VII, 6). Elongated
outlines of alveolae transform into rounded outlines only at the bound-
aries between the proximal and distal sides (Plate VII, 6, bottom of the
figure). The endexine is homogeneous, but a couple of white lines
were observed in places in the outer portion of the layer (Plate VII, 7).
We observed one or (in some sections) two thinned areas within the
exine, which corresponds to the apertural exine. The ectexine becomes
thinner towards the aperture, first the tectum/infratectum ratio be-
comes lower, and then the ectexine transforms into a homogeneous
layer of a slightly variable thickness (0.12–0.2 μm; Plate VII, 11).

The exine rests on a structure that we failed to interpret (Plate VII, 6,
11, to the right). It is about 0.44 μm thick and consists of several distinct
parallel lamellae. It definitely does not belong to the exine, but cuticles
we have seen in sections in the current and other our studies in associ-
ation with exines appear very different in TEM sections. One of us (NN)

Image of Plate VI
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observed similar (but much thinner and more numerous) lamellae in
the uppermost layer of cuticles of conifer leaves.

3.4.2. Pollen grains from spec. BIN 813/79 (Plate II, 5–7; Plate III, 13–17;
Plate VI, 4, 5; Plate VIII, 1–8; Plate IX, 1–8; Plate X, 1–8; Plate XI, 1–4)

A group of three mechanically damaged pollen grains was designat-
ed as spec. BIN 813/79-3 (Plate III, 14; Plate VIII, 1, 2, 5, 6). One of them,
whichwas damaged to a lesser degree, is about 38.53 × 28.2 μm; its sec-
tions allowed observation of all needed features. The proximal exine is
about 1 μm, with an ectexine of 0.8 μm thick and endexine of up to
0.24 μm thick (Plate VIII, 1). The ectexine includes a tectum and
infratectum, which are approximately equal in thickness. Most alveolae
of the infratectum have rounded outlines, but elongated alveolae that
are perpendicular to the surface also occur (Plate VIII, 2, 6). It seems
that a thin (about 0.04 μm) indistinct foot layer is present in places
(Plate VIII, 5). The endexine is rather homogeneous, equal in thickness;
nowhite lines were remarked (Plate VIII, 5, 6). Distally, the ectexine be-
comes thinner (up to 0.52 μm), with a tectum of 0.08 μm thick. The
alveolae of the distal side appear more regular than those of the proxi-
mal side and seem to be arranged in two indistinct rows; in places
they become more elongated and perpendicular to the surface; parti-
tions between them appear thinner than partitions between alveolae
of the proximal side (Plate VIII, 5). The outer contour of the exine in
non-apertural areas is straight, implying that the surface of the pollen
was smooth; it seems that the surface of the aperture was slightly
more elaborated, since the outer contour of the exine in areas towards
the aperture is slightly wavy (Plate VIII, 5) and depressions are
occasionally present (Plate VIII, 6).

A group of six pollen grains was designated as spec. BIN 813/79-7.
The pollen grains are superimposed on each other and the cuticle, but
it is clearly visible that at least two specimens are monosulcate (Plate
III, 15, a pollen grain to the left of the figure and the lowermost pollen
grain). The dimensions of pollen grains preserved in a strictly polar
position are 43.8 × 30.5 μm, 36.2 × 26.7 μm, and 40 × 30.5 μm. The
pollen grainswere pressed very closely to each other, a section of sever-
al pollen grainswas observed in TEM (Plate VIII, 3), but their orientation
to the plane of sectioning is unclear. Nonetheless, we detected non-
apertural and apertural areas of the exine. The thicker (non-apertural)
areas of the exine are up to 1.7 μm thick (more often 1 μm thick), with
a tectum from 0.7 to 0.3 μm and infratectum from 0.8 to 0.5 μm, and
an endexine of 0.2 μm. The variation in the thickness of the ectexine is
higher than in other specimens, that is probably related to oblique
orientation of the section towards the pollen grains.We did not observe
regular alveolae in the infratectum of non-apertural areas. The ectexine
becomes thinner in the apertural areas diminishing up to 0.3 μm; the
partitions of alveolae become thinner and the alveolae appearmore reg-
ular. The outer contour of the exine in the apertural area is folded, that
implies a certain surface pattern is present over the apertural area; the
outer contour of the exine in non-apertural regions is nearly straight,
with occasional depressions. A very thin foot layer is probably present;
the endexine includes several white lines (Plate VIII, 7).

A pollen grain designated as spec. BIN 813/79-4 (not shown in
plates) was sectioned longitudinally through a fold over the distal sul-
cus. The ultrastructure of the exine is within the range of variations of
other studied pollen grains, outlines of the alveolae are rounded, and
no white lines were detected in the endexine.

A pollen grain designated as spec. BIN 813/79-1 (Plate III, 13) is
monosulcate, with folds, 36.2 × 26.7 μm in size. The non-apertural exine
is 1.2 μm thick, with a tectum of about 0.6 μm thick, a slightly thinner
infratectum, and an endexine of about 0.15 μm (Plate VIII, 4). We did
not reveal any elongated alveolae, unequivocal foot layer, and white
lines in the endexine. The section is perpendicular to the long axis of
the pollen and shows only one thinning of the exine. In this apertural
area, the ectexine becomes thinner at the expense of both the tectum
and infratectum, and partitions between the alveolae become thinner.
An outer contour of the exine shows occasional depressions in non-
apertural areas. The thinned ectexine of the apertural area repeatedly
varies in thickness, that implies that the surface pattern of the apertural
area was more distinct than that in non-apertural areas (Plate VIII, 8).

Wedesignated a group of pollen grains as spec. BIN 813/79-5 (Plate III,
17). The pollen grains were superposed on each other and the cuticle and
wewere not sure by transmitted light observations howmany sulci each
pollen grain bears. We measured those pollen grains of this group that
were preserved in the polar position; their approximate dimensions are
41.9 × 27.6 μm, 41.5 × 29.5 μm, and 37.1 × 27.6 μm. We studied this
group with CLSM (Plate IX, 1, 5) and cut at several levels for TEM (Plate
X, 2, 5). The pollen grains were preserved as a clump and it was difficult
to differentiate between exines of individual pollen grains in sections, to
reveal the position of the plane of the section towards a particular pollen
grain and to count howmany thinned areas occur per one exine. Howev-
er, we certainly observed non-apertural and apertural areas of the exine
(Plate X, 1, 7, 8). Although the alveolae of the infratectum are irregularly
distributed in many areas of the sections (Plate X, 6), there are also
areas with regular elongated alveolae, which are situated perpendicular
to the exine surface (Plate X, 1, 3). More often, such areas occur in a thin-
ner exine, in areas surrounding the aperture. The foot layer is probably
present (Plate X, 4). There arewhite lines in the endexine.Wemade a vir-
tual section through one of the pollen grains in the area where no other
pollen grains superimpose on it and found only one thinning of the
exine (Plate IX, 1, 5). This counts to the conclusion that the aperture is sol-
itary. The outer contour of the exine in non-apertural areas is straight
with occasional depressions (Plate X, 6); and the ectexine in apertural
areas repeatedly varies in thickness (Plate X, 8), implying that amore dis-
tinct surface pattern existed over the apertures.

A group of pollen grainswas designated as spec. BIN 813/79-8 (Plate
III, 16). Pollen grains that are preserved in polar position are about
39.1 × 24.8 μm and 41.6 × 27.6 μm in size. We studied this group with
CLSM and TEM. It was difficult to conclude about the apertures basing
on LM observations, but one of the pollen grains seemed to bear either
three sulci or one sulcus surrounded by equally long folds (Plate III,
16, the lowermost pollen grain). Although this pollen grain was
preserved in a group of pollen grains, it was solitary at a significant
portion of its length and we hoped to observe with CLSM virtual sec-
tions of only one pollen grain, which can be unequivocally interpreted.
We traced the morphology of this pollen grain in a gallery of virtual
sections, which have been made at different depths (Plate IX, 6–8).
We also made virtual sections through a CLSM reconstruction of this
pollen grain, which were orientated strictly perpendicular to the long
axis of the pollen grain (Plate IX, 2–4). These data definitely confirm
that even this pollen grain, which seemed triaperturate in transmitted
light, possesses only one sulcus. TEM sections passed through two of
the pollen grains (Plate XI, 2). The outer contour of the exine is straight,
that implies that the surface was smooth. The exine of non-apertural
areas is about 0.7 μm, with an ectexine of about 0.6 μm (tectum 0.22 μm
and infratectum 0.58 μm) and an endexine of about 0.13 μm (Plate XI, 1,
4). The ectexine greatly diminishes towards the aperture (Plate XI, 2).
The exine is thinner than in other specimens and the tectum/infratectum
ratio is lower in many sections of this pollen than in other specimens,
though there are sections (Plate XI, 4, 5), where the tectum and
infratectum of non-apertural areas are more or less equal in thickness,
similarly to other pollen grains. We are not sure about the presence of
the foot layer: it is difficult to decide whether we observe a very thin
foot layer or the uppermostwhite line of the endexine. The endexine con-
tains several white lines in its outer areas (Plate XI, 3, 5).

3.5. The morphology and ultrastructure of non-saccate pollen grains from
seeds of Allicospermum angrenicum

The general morphology of these pollen grains is not always clearly
understandable since they are preserved in clumps, superimposed over
each other and the cuticle; some of them are damaged. What we were
able to observe under LM is that most of the pollen grains are boat-
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shaped and aperturate. The variations in dimensions are from 33.3 to
44.8 μm in length and from 18.8 to 30.5 μm in width (Plate III, 9–17).

In transmitted light, the aperture was difficult to interpret in some
pollen grains; a solitary sulcus was clearly visible in other pollen grains;
and either one sulcus with surrounding parallel folds or three supposed
sulci were observed in a few more pollen grains. TEM sections do not
always clarify the doubt about the number of apertures. Sections of
some pollen grains show one thinned area of the exine that apparently
corresponds to the apertural area. Some other sections showmore than
one thinned area of the exine per a supposed individual pollen grain.
We considered each such case and concluded that the reasons of this
uncertainty are the fragmentary state of a pollen grain, an oblique orien-
tation of the plane of section towards a particular pollen grain, the fact
that a particular pollen grain was folded to the extent that it was cut
twice, or that it was difficult to define boundaries between pollen grains
fused in a clump. Our CLSM analysis revealed that the aperture is soli-
tary even in those pollen grains that appeared triaperturate in transmit-
ted light. Based on our data obtained from all microscopes, we conclude
that all pollen grains are monosulcate, of Cycadopites-type.

The exine consists of the ectexine and endexine. The former includes
a tectum, an infratectum, and a foot layer. The tectum and infratectum
vary in thickness considerably, but more often they are more or less
equal in thickness. The tectum is solid and well developed. It grades
into the infratectum without a distinct boundary between these
sublayers. The infratectum is alveolate, and the alveolae vary in appear-
ance within individual sections, among different sections of the same
pollen grain, and possibly, among pollen grains as well. More often,
the alveolae are rounded in sections and distributed irregularly. Howev-
er, we have repeatedly observed alveolae, which were elongated to a
greater or lesser extent, situated perpendicular to the exine surface
and arranged in several indistinct rows or even in one row. Such
alveolae occupy either very short distances in some pollen grains or
the majority of the exine in a few others.

The foot layer is very thin and indistinct.We have observed it only in
places in some pollen grains and failed to find in others. It was probably
present in all pollen grains, but was poorly developed. An additional
problem with the interpretation of the foot layer is related to the
Plate VII. Exine ultrastructure of pollen grains from a seed ofAllicospermumangrenicumNosova,
imens are shown: (1, 9) spec. BIN 813/77-1, (2, 3, 8, 10) spec. BIN 813/77-4, (4, 5) spec. BIN 8

1. Montage of a section of the exine; two thinned areas are present (asterisks), on
2. Enlargement of the next image (3).
3. Montage of a section, an apertural area (asterisk) in the center of the image.
4. Montage of a section, the thinning of the exine (asterisk) in the apertural area

ectexine show rounded sections of alveolae, but they are regular elongated in so
5. Enlargement of the next image (5) showing a region with regular alveolae.
6. Montage of a section, rounded and elongated sections of alveolae co-occur, the e

one of its tore portions is once more cut in the upper area of this figure. The exi
7. Endexine of two faces of the exine, white lines are evident in outer areas.
8. Enlargement of a folded apertural area.
9. A supposed foot layer (black arrow) and distinct white lines (white arrows) in t
10. A portion of the exine, white lines of the endexine are visible.
11. Enlargement of the apertural area, a supposed foot layer is visible (black arrow)

Scale bar (1, 4) 1 μm, (2, 8) 0.5 μm, (3) 0.67 μm, (5, 11) 0.4 μm, (6) 1.25 μm, (7)

Plate VIII. Exine ultrastructure of pollen grains from a seed of Allicospermum angrenicum Noso
specimens are shown: (1, 2, 5, 6) spec. BIN 813/79-3, (3, 7) spec. BIN 813/79-7, and (4, 8) spec

1. Section of a mechanically damaged pollen grain; apertural area (asterisk) is clea
2. Elongated and circular outlines of alveolae are visible in the one and the same se
3. Montage of a section through a group of pollen grains (two or three pollen grain
4. Montage of a pollen exine, naturally embedded into the cuticle.
5. Enlargement of 1, showing a thinning of the ectexine towards the aperture at the

tween white arrows).
6. Area similar to that shown in 5, but the alveolae have more or less elongated ou
7. Enlargement of the section shown in 3, white lines are evident in the endexine.
8. Enlargement of 4, showing a thinning in the apertural area (arrow).

Scale bar (1–4, 8) 1 μm, (5, 7) 0.5 μm, (6) 0.4 μm.
ultrastructure of the endexine. The endexine appears homogeneous in
some pollen grains and homogeneous with white lines in the majority
of the pollen grains. The white lines are developed in various degrees
among the pollen grains, but, where they are detected, they are
better expressed in outer areas of the endexine, closer to the ectexine/
endexine boundary, and it is often difficult to decide whether we ob-
serve a foot layer or the uppermost white line of the endexine. In sum,
all pollen grains from these two seeds are most probably characterized
by an indistinct and poorly developed foot layer and by a homogeneous
endexine with a few white lines in its outer portion.

SEM shows a fine and indistinct surface pattern in non-apertural
areas (Plate VI, 2, 6). The outer contour of the non-apertural exine ob-
served under TEM confirms this observation: as a rule, it is straight,
with rare small depressions. The apertural surface was not observed
under SEM, but observations under TEM of the outer contour of
apertural areas of the exine imply that the apertural surface pattern is
more distinct than that of non-apertural one. We saw repeated short
folds that correspond to the surface pattern.

Towards the aperture, both the tectum and infratectum gradually
diminish, the infratectum occupies a greater portion of the ectexine,
partitions between the alveolae become thinner, in places the alveolae
appearmore regular and are situatedperpendicular to the exine surface.
Closer to the apertural area, the ectexine is undulating, its thickness re-
duces; only occasionally are short alveolae present. Such an ultrastruc-
ture of the apertural area was observed in the majority of pollen
grains. Only a thin homogeneous layer in the apertural area was ob-
served in a couple of pollen grains. We think that these differences are
due to the position of the sections: some thinner and wider spaced
infratectal elements are still present in areas that are very close to the
aperture, and only a thin homogeneous layer of the ectexine covers
the very floor of the aperture. No changes were observed in the endex-
ine in the apertural area.

We conclude that all boat-shaped pollen grains from these two
seeds demonstrate the same type of the exine ultrastructure and,
therefore, the same botanical affinity. The variations are due to the po-
sition of the sections, completeness of the pollen grains, and individual
variability.
spec. BIN 813/77, from the Jurassic Angren locality inUzbekistan, TEM. The following spec-
13/77-9, (6, 7, 11) spec. BIN 813/77-5.

e of which is mechanically ruptured.

is bordered with two folds from one side and one fold from the other. Most areas of the
me other regions.

ctexine becomes thinner in the apertural area. The pollen was mechanically damaged, and
ne rests on a lamellate substance of unrevealed origin.

he upper portion of the endexine.
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0.1 μm, (9, 10) 0.25 μm.
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Plate VII.
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Image of Plate VII


Plate VIII (caption on page 12).
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Image of Plate VIII


Plate IX. Pollen grains from seeds of AllicospermumangrenicumNosova, from the Jurassic Angren locality in Uzbekistan, CLSM. Specimens designated as spec. BIN 813/79-5 are shown in 1,
5 and spec. BIN 813/79-8 in 2–4, 6–8.

1. A CLSM reconstruction of a group of pollen grains designated as spec. BIN 813/79-5 (Plate III, 17), a position of a section plane is shown (5). The reconstruction is tilted back-
wards to show the perpendicular virtual section that was made through this reconstruction, therefore, the scale diminishes towards the upper part of the figure.

2–4. Sections througha CLSMreconstruction of a pollen grain (Plate III, 16, the lowest pollen of the group), this series of sectionswas orientated perpendicularly to the long axis of
the reconstructed pollen.

2. The section shows the exine with a gap (asterisk) in the distal side, a section of the cuticle is to the right.
3. This deeper section shows that the sulcus is solitary (asterisk) and bordered with folds; a section of the cuticle is to the right and a section of one more pollen vaguely ap-

peared to the left.
4. This deepest section also shows the presence of a solitary sulcus (asterisk), but it is not as evident as in the previous image, because the second pollen becomesmore distinct

and its exine fuses to the exine of the first pollen.
5. A section through of one of the pollen grains (spec. BIN 813/79-5), which CLSM reconstruction is shown in 1; cuticles are visible to the left and to the right of the exine, a

thinning of the sulcus becomes visible at the upper (distal) face of the exine (asterisk).
6–8. Several virtual sections of a pollen grain (Plate III, 16, the lowest pollen of this group).
6. The section passed through deep areas of the slide and shows more or less proximal (non-apertural) areas of the pollen, patches of the cuticle are also visible.
7. The section passed through middle regions of the slide and shows repeatedly cut folds of the distal side, an adjacent pollen grain is visible to the left, and cuticle material

becomes more distinct in the upper right corner of the figure.
8. The section passes through upper regions of the slide and show folds borders the sulcus, the folds touch each other, the sulcus is somewhere in deeper areas.

Scale bar (1–5) 5 μm, (6–8) 20 μm.
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4. Discussion

4.1. Ginkgoalean exine ultrastructure

The premise of our study was that the seeds (and other remains)
most probably belonged to ginkgoalean plants and that pollen grains
associated with them are ginkgoalean as well. Originally, we were
looking for the information about the ultrastructure of ginkgoalean pol-
len. However, the data we obtained turned to be rather equivocal, since
the pollen grains showed diversity in the exine ultrastructure; nonethe-
less, it still seems pertinent that themorphology of the pollen grainswe
have studied will be first compared with the available information on
the ginkgoaleans.

The sporoderm ultrastructure of modern Ginkgo biloba Linnaeus,
1771 has been repeatedly studied (Ueno, 1960; Rohr, 1974; Meyer,
1977; Audran and Masure, 1978; Sahashi and Ueno, 1986; Audran,
1987; Zhang et al., 2000; Tekleva et al., 2007), but thepublished descrip-
tions of the exine ultrastructure differ considerably from each other. All
these studies revealed a thick solid tectum, amuch thinner infratectum,
and a thin foot layer. The endexine was reported as lamellate, or
homogeneous, or ontogenetically lamellate with weakly discernible
lamellae (better visible in areas bordering the aperture). It seems that

Image of Plate IX
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Image of Plate X
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the more mature pollen grains that were studied, the less discernible
were lamellae. The infratectum was described as a system of densely
crowded bodies resembling granules (Ueno, 1960) or as a columellate
or pseudocolumellate infratectum formed by pillars (Rohr, 1974;
Meyer, 1977; Audran and Masure, 1978). Zavialova et al. (2011), who
needed data on the exine ultrastructure of modern ginkgo to compare
with those on dispersed pollen they studied, carried out one more
study of the exine ultrastructure of G. biloba pollen, focusing on the na-
ture of infratectal elements, which they considered as the most impor-
tant diagnostic feature. They concluded that the infratectal elements
are pillars and the infratectum can be named pseudocolumellate. The
majority of the pillars hang from the inner surface of the tectum into
the infratectal cavity. Some pillars appear as granules in solitary
sections, but tracing their changing outlines in a succession of sections
shows that they are pillars rather than granules.

Ginkgo biloba is the onlymodern survivor of the group. The available
information on fossil ginkgoalean pollen from in situ material was
reviewed in Zavialova et al. (2011). Regretfully, none of these materials
was studiedwith TEM and, therefore, they are irrelevant to our compar-
ison. Zavialova et al. (2011) studied asaccate pollen grains from the
Early Cretaceous of Transbaikalian Russia of a supposed ginkgoalean af-
finity, which can be used for our comparison in spite of their dispersed
state. A coal seam in Transbaikalia contained a palynological assemblage
dominated by such pollen and an assemblage of plant megafossils con-
stituted by a single species of ginkgoalean leaves. The relationships
between the pollen grains and the leaves from the autochthonous burial
were hypothesized on the basis of taphonomy and palaeobiogeography
and the pollen grains were considered ginkgoalean. The ultrastructural
data supported this assumption. These pollen grains are not identical
but show several significant similarities to those of G. biloba. In particu-
lar, their ectexine consists of a thick solid tectum, a thin infratectum, and
a thin foot layer. The distal aperture is formed by a thinning of the exine.
The most important difference from pollen of G. biloba is that the
infratectum in Transbaikalian pollen is formed of a row of large gran-
ules, unlike the pseudocolumellate infratectum of pollen of G. biloba.

All pollen grains froma seed of Allicospermumbudantsevii do not differ
from each other by the general morphology and exine ultrastructure and,
therefore, are of the same botanical origin, which was interpreted as
ginkgoalean (Zavialova et al., 2014). The ginkgoalean characters they
show are ellipsoidal outlines, a solitary distal sulcus, fine sculpturing
that becomes more distinct towards and over the aperture, an ectexine,
which consist of a thick solid tectum, a much thinner pseudocolumellate
infratectum, and a thin but continuous foot layer, a relatively high proxi-
mal tectum/ectexine ratio, infratectal elements that are more widely
spaced in near-apertural areas, and the aperture composed by thinned
and fused ectexine sublayers (Zavialova et al., 2014). These pollen grains
show close similarity to those of Ginkgo biloba.

Nosova (2013) discussed the possibility that seeds of either
Allicospermum budantsevii or A. angrenicum and leaves of Sphenobaiera
angrenica and collar structures of Nagrenia samylinae could have once
belonged to one parent plant of the ginkgoalean affinity. The presence
of pollen grains of the ginkgoalean morphology and ultrastructure in
the pollen chamber of a seed of Allicospermum budantsevii (Zavialova
Plate X. Exine ultrastructure of pollen grains from a seed of Allicospermum angrenicum Nosova
designated as spec. BIN 813/79-5 was cut at several levels, TEM.

1, 3, 7. Enlargements of the section shown in 2.
1. Predominantly elongated appearance of alveolae of the ectexine.
2. Montage of a section.
3. Elongated and rounded sections of alveolae of the ectexine.
4, 6, 8. Enlargements of a section shown in 5.
4. Foot layer is present (arrow).
5. Montage of a section of the pollen clump at a different level than the section
6. Ectexine with only rounded alveolae; the outer contour of the exine implies
7. Apertural exine is in the center of the figure.
8. Exine organization towards the aperture; white lines are evident in the end

Scale bar (1, 4) 0.25 μm, (2) 1.25 μm, (3, 8) 0.5 μm, (5) 1 μm, (6, 7) 0.4 μm.
et al., 2014) supports this hypothesis, in part, that S. angrenica,
N. samylinae, and A. budantsevii are remnants of one parent plant.

4.2. Pollen associated with Ginkgo gomolitzkyana

The pollen grain that was found on a piece of cuticle of a seed of
Ginkgo gomolitzkyana shows certain similarities to pollen of G. biloba.
Its tectum is distinct and continuous over nearly the entire perimeter
of the exine. The infratectal elements are mostly arranged in one row.
The foot layer is thin. The aperture is single and the ectexine is greatly
thinned in this region at the expense of the infratectum (the latter char-
acter, however, occurs inmany gymnosperm groups). As to differences,
the tectum/ectexine ratio in this pollen is lower than that in pollen of
G. biloba. Most probably, the infratectal elements are granules. There-
fore, the pollen from G. gomolitzkyana differs by this character from
pollen of G. biloba and pollen grains from Allicospermum budantsevii,
but resembles dispersed pollen from Transbaikalia, which we consider
of the ginkgoalean affinity as well. The surface is nearly smooth, with
rare perforations, that is different from G. biloba, Transbaikalian pollen,
and pollen from A. budantsevii, and similar, for example, to pollen of
many cycads. The infratectal elements are developed in the samedegree
both in areas adjacent to the aperture and proximally— that is onemore
differentiating feature from G. biloba, Transbaikalian pollen, and pollen
from A. budantsevii.

In sum, the pollen from Ginkgo gomolitzkyana shows several
ginkgoalean characters, and we can assume that it was produced by a
member of the ginkgoaleans. However, it fits to our concept of the
ginkgoalean exine ultrastructure to a lesser degree than pollen found
in Allicospermum budantsevii. Since it shows several dissimilarities
from pollen grains from A. budantsevii from the same locality, we sup-
pose that it was produced by a different member of this group. So far,
we merely can assume that this parent plant had seeds of Ginkgo
gomolitzkyana and pollen grains of Cycadopites-type general morpholo-
gy and the above-described exine ultrastructure.

4.3. Pollen grains associated with seeds of Allicospermum angrenicum and
leaves of Sphenobaiera angrenica

Boat-shaped pollen grains extracted from seeds of Allicospermum
angrenicum are themost numerous pollen grains studied in the present
work. In spite of their variability, these pollen grains show one type of
pollen morphology and ultrastructure and, therefore, originated from
one plant source.

We consider the following features as significant to reveal the botan-
ical affinity of these pollen grains. The pollen grains are boat-shaped and
monosulcate. The non-apertural surface is indistinct and scabrate, with
occasional depressions. The surface pattern of the apertural area ismore
distinct than that of non-apertural areas. The tectum is continuous and
relatively thick. The infratectum is well developed and, though variable
in thickness, is comparable in thickness to the tectum. The infratectum
is alveolate; the alveolae appear in sections either as circular and irreg-
ularly distributed alveolae or as elongated alveolae that are perpendic-
ular to the surface and grouped in one or several rows. The foot layer
, spec. BIN 813/79, from the Jurassic Angren locality in Uzbekistan; group of pollen grains

shown in 2.
that narrow depressions were present on the surface of the exine.

exine.



Plate XI. Exine ultrastructure of pollen grains from a seed of Allicospermum angrenicum Nosova, spec. BIN 813/79, from the Jurassic Angren locality in Uzbekistan, group of pollen grains
designated as spec. BIN 813/79-8, TEM.

1. A portion of a pollen grain shown in 2, sectioned at a different level.
2. Section of two pollen grains, the specimen to the right shows an apertural area to the right of the figure. Many alveolae have elongated aspect, but some appear rounded.
3, 5. White lines are evident in the endexine.
4. Area of a section of one more pollen grain of this clump, the tectum is thicker than in the pollen shown in 2.

Scale bar (1, 2, 4) 0.67 μm, (3) 0.5 μm, (5) 0.25 μm.
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is poorly developed and is detected only in places. The endexine is ho-
mogeneouswith a few indistinctwhite lines in its outer region. Towards
the apertural area, the tectum and infratectum become thinner, the
tectum/infratectum ratio becomes lower, and partitions between the
alveolae become thinner and the alveolae become more regular and
are situated perpendicular to the exine surface. Only a thin homoge-
neous layer of the ectexine covers the floor of the aperture.
Let us compare these characteristics with our idea of pollen grains
of the ginkgoaleans. Ginkgoalean pollen grains are boat-shaped (in fos-
sil or dehydrated state) and clearly monosulcate. Similarly, the
pollen grains from Allicospermum angrenicum are boat-shaped and
monosulcate. However, it was difficult for us to decide about the aper-
ture number: some raw data implied that there could be more than
one aperture. We were forced to compare LM, CLSM, and TEM data to

Image of Plate XI
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be able to conclude that these pollen grains are indeedmonoaperturate.
As to ginkgoalean pollen grains, there have never been any grounds to
doubt that that they possess a solitary aperture. The surface pattern of
ginkgoalean pollen grains in non-apertural areas is indistinct, but with
elements that protrude over the surface. The non-apertural surface of
the pollen under consideration is nearly smooth, but small depressions
occur. Ginkgoaleanpollen grains are characterized by a thick continuous
tectum, a thinner infratectum, and a thin, but continuous foot layer. The
pollen grains under discussed also have a thick continuous tectum,
but the infratectum is of comparable thickness to the tectum, and the
foot layer is discontinuous. The ginkgoalean infratectum is either
pseudocolumellate or granulate (of one row of large granules), whereas
the infratectum under consideration is alveolate. The endexine varies
amongGinkgo biloba and other supposedmembers of the group.Mature
pollen grains of G. biloba show a homogeneous endexine that becomes
thicker by splitting into several lamellae in areas surrounding the
aperture. The endexine in Transbaikalian pollen grains is fine-grained
and preserved only in places. The endexine in pollen grains from
A. budantsevii is also poorly preserved, but supposedly multilamellate.
The endexine of pollen grains from A. angrenicum is constant in thick-
ness, more electron dense than the ectexine, homogeneous or homoge-
neous with white lines in its outer region. No white lines in the
endexine have been reported for ginkgoalean pollen grains. In sum,
the characters of these pollen grains do not fit to our concept of pollen
grains of the ginkgoaleans; we consider the ultrastructure of the
infratectum as the most important distinguishing feature.

On the other hand, the pollen grains from Allicospermumangrenicum
fit surprisinglywell to the concept of cycadalean pollen grains. In partic-
ular, pollen grains of most cycads are boat-shaped and monosulcate.
They often demonstrate a nearly smooth surface in non-apertural
areas with pits or depressions of other outlines (Audran and Masure,
1976, 1977; Meyer, 1977; Dehgan and Dehgan, 1988); and the pollen
grains under consideration are similar by this parameter. Although
many modern cycads have pollen with a thin continuous tectum
(such as species of Cycas, Stangeria, and Dion; Audran and Masure,
1977), there are also cycads having pollenwith a relatively thick tectum
(some species of Encephalartos and Macrozamia; Audran and Masure,
1977; Meyer, 1977), similarly to the pollen grains under consideration
with their prominent tectum. An alveolate infratectum with alveolae
that appear circular in oblique sections (compare e.g. Plate X, 6 of the
present paper and pl. IV, 2, 4 in Zavialova and van Konijnenburg-van
Cittert, 2016) and elongated and perpendicular to the surface in cross
sections has been reported only from members of the cycads (e.g., pl.
VI, 3, 4, 7, 8 in Meyer, 1977; fig. 10 in Taylor and Zavada, 1986; and pl.
IV, 2 in Zavialova and van Konijnenburg-van Cittert, 2016). A discontin-
uous and indistinct foot layer is one more character of cycad pollen.
Alveolae that are more widely spaced and have thinner partitions to-
wards the apertural area are also specific to the cycad pollen. Cycad pol-
len grains vary by their endexine. More often, they have few lamellae in
the endexine: four, three, two, or even only one (Meyer, 1977). Audran
and Masure (1976) reported that lamellae of the endexine are detect-
able as white traces (“traces blanches”). It was difficult to detect the
boundary between the foot layer and the uppermost white line of the
endexine in the pollen grains from seeds of A. angrenicum, and we felt
the same difficulty while dealing with pollen grains of the fossil cycad
Androstrobus manis Harris, 1941 from the Bajocian of Yorkshire
(Zavialova and Van Konijnenburg-van Cittert, 2016).

Themorphological and ultrastructural characteristics show clear-
ly that the pollen grains under consideration were produced by cy-
cads. Fossil and modern cycads are relatively diverse in their pollen
morphology and ultrastructure, but pollen grains from the seeds of
Allicospermum angrenicum show many similar features to pollen
grains of certain fossil and modern cycads. Once again, we consider
the ultrastructure of the infratectum as the most significant feature.
Although pollen grains of the ginkgoaleans and cycadaleans belong
to the same morphological type, their dissimilarities in the exine
ultrastructure are diagnostically important, since they reflect differ-
ent modes of ontogenesis, as was shown by studies of modern mem-
bers of the two groups (Meyer, 1977; Audran, 1987).

The sections we got from two pollen grains associated with
Sphenobaiera angrenica are not good enough to understand the exine ul-
trastructure in full measure. However, they show several similarities in
the ultrastructure of the non-apertural exine to that of pollen grains
from Allicospermum angrenicum, and we suggest the common botanical
affinity of the pollen grains. The shared features are a solid prominent
tectum, which grades into the infratectum without a sharp boundary,
an alveolate infratectum, mostly with irregularly distributed rounded
alveolae, which become more elongated in some areas; and a foot
layer, which is either lacking or indistinct. The sulcus is supplemented
with long parallel folds, and the pollen grains resemble in a certain
degree pollen grains with several sulci. This uncertainty about the
amount of apertures, which was observed both in pollen grains from
A. angrenicum and those associated with S. angrenica, long concerned
us because of the similarities in the exine ultrastructure to trisulcate
pollen grains of Hastystrobus muirii van Konijnenburg-van Cittert
(Tekleva et al., 2006), which are particularly striking in sections of the
pollen grains associated with S. angrenica. H. muirii was described as a
probable cycad (VanKonijnenburg-Van Cittert, 1971). An interpretation
of this plant as a gnetophyte also exists; it is based on the trisulcate
morphology of their pollen (Krassilov, 2009). The similarity between
the pollen grains at the level of the exine ultrastructure adds more
weight to the original interpretation of the plant as a cycadalean
member. The question has been also recently discussed by Tekleva
(2015).

We stress that Sphenobaiera angrenica is a species of ginkgoalean
foliage. The fact that cycadalean pollen was found on a ginkgoalean
leaf leads us to the conclusion that such co-occurrences can bemislead-
ing for attempts of whole-plant reconstructions.

4.4. Data on macro remains in light of the data on the exine ultrastructure

Ultrastructural data show that pollen grains of different botanical
origins are associated with the Angren mesofossils. These are pollen
grains of two members of the ginkgoaleans (pollen grains from a seed
of Allicospermum budantsevii, Zavialova et al., 2014, and a pollen
grain associated with a seed of Ginkgo gomolitzkyana), cycad pollen
(pollen grains associated with Sphenobaiera angrenica and from seeds
of A. angrenicum), and conifer pollen (pollen grains from the seed of
Allicospermum sp. and one bisaccate pollen grain from a seed of
A. angrenicum).

The presence of large bisaccate pollen grains of conifers in the pollen
chamber of definite non-conifer seeds shows that contamination of
seeds by alien pollen did happen. This find is particularly important in
light of whole-plant reconstructions and the new trend expressed in
the latest International Code of Nomenclature for algae, fungi, and
plants (McNeill et al., 2012) to establish natural taxa for fossil plants
(Zijlstra, 2014). We showed that the presence of pollen grains inside a
seed does not necessarily mean that both types of fossil remains
originated from the same group of parent plants. It is very possible to
conclude that a conifer-like bisaccate pollen found in a supposedly
ginkgoalean seed is alien to this seed, but it is very seducible to conclude
that boat-shaped monosulcate pollen found in such a seed belongs to
the same parent plant as the seed does. However, as early as 1915,
Sahni (1915) reported the presence of foreign pollen in ovules of
modern Ginkgo biloba (one of the bisaccate pollen grains he observed
even developed a pollen tube) and discussed it in the context of fossil
records. Experiments on modern ginkgo showed that not only ginkgo,
but also cycad pollen freely entered pollen chambers of ginkgo ovules;
only clumps of angiosperm pollen grains and large bisaccate pollen of
conifers failed to pass through a narrow micropyle (Jin et al., 2012).
Our results show that seeds of a relatively similar morphology
(Allicospermum budantsevii and A. angrenicum) contained pollen grains
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of the same morphological type, but very different in the exine
ultrastructure and of different botanical affinities.

Harris provided the following diagnosis of Allicospermum: “Round or
oval orthotropous seed. Integument thick, cutinized; nucellus free in its
upper part, surface of nucellus and of inside of integument thinly cutin-
ized; megaspore membrane cutinized, granular.” He pointed out that
“The form-genus Allicospermum would include among recent plants,
the seeds of Ginkgo, Cycads and some Conifers…” (p. 121: Harris,
1935). The structure of seeds of Jurassic cones Beania Carruthers
(Cycadophyta, Nilssoniales) in its general features agrees with that of
other fairly large seeds of gymnosperms: Ginkgo, certain conifers
and certain pteridosperms (Harris, 1964). Isolated Beania seeds have
no general distinguishing character which would separate them from
seeds of Ginkgo and Allicospermum. Therefore, some seeds of
Allicospermum can have a cycad affinity. Of interest is that Androstrobus
manis, whose pollen grains share several ultrastructural features with
pollen grains from Allicospermum angrenicum (Zavialova and van
Konijnenburg-van Cittert, 2016), and Beania gracilis are believed to be
remnants of the same parent cycad plant (Harris, 1964).

Structurally, all described seeds from Angren fit the scope of
Allicospermum. The seeds of Ginkgo gomolitzkyana and A. budantsevii
have a characteristic ginkgoalean structure and display a Ginkgo-like
type of stomatal structure. Unlike G. biloba, G. gomolitzkyana, and
A. budantsevii, where the patterned layer is made up of oblique or
horizontal bacula, seeds of A. angrenicum have a patterned layer with
vertical and more closely arranged bacula (Nosova, 2013, pl. XIII, 4–9),
and the stomata are rare and appear abortive (Nosova, 2013, pl. XI, 7,
8). Unlike A. angrenicum, the outer cuticle of the integument of Beania
seeds is about 10 times thicker, and the megaspore membrane is
two or three times thicker, fragile and quickly destroyed by over-
maceration.

Therefore, keeping in mind the cycadalean ultrastructure of the
pollen grains from seeds of Allicospermum angrenicum, we have no con-
fidence in the ginkgoalean affinity of these seeds. On the other hand, we
could not place them in Cycadophyta, since their morphology and
epidermal structure agrees with that both of Ginkgo and the cycads.
The seeds of A. angrenicum were either contaminated by cycad pollen
or produced by cycads.

5. Conclusions

It was revealed by pollenmorphology and ultrastructure that pollen
grains of two members of the ginkgoaleans are associated with the
ginkgoalean remains. The present bisaccate conifer pollen grains are in
all probability alien to the enclosing seeds. As to the cycadalean pollen
from the pollen chamber of seeds of Allicospermum angrenicum, the
seeds were either contaminated by cycad pollen or produced by a
cycadalean parent plant rather than a ginkgoalean one. The revealed
pollen diversity is an argument for more caution in course of whole-
plant reconstructions based on such a material.
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