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Abstract

The Upper Permian moss genus Gomankovia was described in 1990 and remained poorly known,
mostly by a single, well-preserved leaf. Recently collected additional material revealed more than 40
new specimens of this genus. Its variation in leaf shape and laminal cell areolation is described. The
specimens were cut, showing the transverse costal structure, which is formed mostly of large, moder-
ately thick-walled cells, with only a few cells with thicker walls. The costa has several lateral branches,
which preclude an immediate comparison of Gomankovia with any modern moss group. Sections of
costa are studied with transmission electron microscopy, and, despite the compression type of preser-
vation, it appeared possible to reconstruct the original structure of the costa. Generally, it lacks differ-
entiation similar to costa of extant mosses of similar size of plants and leaf shape and size. There is no
way to refer Gomankovia to any extant group; however, its relationship to some extinct lineages is
possible.

Pesrome

HoBrle konexuuu BepxHenaaeo30ickoro mxa u3 poxa Gomankovia mo3BoisioT aath Oonee
HOJPOOHYIO €ro XapakTepUCTHKY [0 CPABHEHMIO C TOif, KoTopas OblIa c/ellaHa paHee, MOCKOIbKY Ha
MOMEHT nepBoonucanus B 1990 1. oH ObIT U3BECTEH TOJIBKO M0 OAHOMY JHCTY. B TO e BpeMs B HelaBHO
COOpaHHBIX JJOMOIHUTEIBHBIX KOIJIEKIUAX BBIABIEHO Oonee 40 HOBBIX 00pa3ioB 3Toro poaa. OnucaHo
BapbUpOBaHKHE Mopdoorun auctbeB Gomankovia n X KJIETOYHOH ceTH. BbUIN clielaHbl onepeyHble
Cpe3bl JINCTHEB, TO3BOJSIONINE YBUAETh CTPOCHUE JKHIKH, KOTOpas o0pa3oBaHa Ooiblieil 4acTbio
KPYITHBIMH KJIETKAMH C YMEPEHHO YTOJIIEHHBIMH CTEHKAMH, JIMIIb C HEMHOTOYMCICHHBIMH OoJiee
TOJNICTOCTEHHBIMH KieTkamu. JXKunka Gomankovia nmeeT HECKOIbKO OOKOBBIX OTBETBIEHHI, U4TO HE
HO3BOJISICT CPABHUBATB STOT POJ C COBPEMEHHBIMU MXaMH. [lonepeynble Cpe3bl KHIIKN ObLIM M3YUeHBI
C TIOMOII[BIO TPAHCMUCCHOHHOTO IEKTPOHHOTO MUKPOCKOIIUPOBAHMUS, B PE3YJIBTATe YEro, HECMOTPS Ha
TO, YTO 00pa3libl NPEACTABICHBI B BHJIE KOMIIPECCHH, CTall0 BO3MOXHO PEKOHCTPYHPOBATh IEPBO-
HavyaJgbHOE cTpoeHue XWIKU. JKunka Gomankovia He umena nuddepeHnuaniuy, CXoqHoi ¢ TAKOBOH Y
COBPEMEHHBIX MXOB CO CXOIHBIMH pa3MepaMH PACTECHUH M JUCTbSIMH CXOZHOH (OPMBI M Pa3MEpOB.
HeBO3MOXHO OTHECTH 3TOT POA K KaKOif-1M00 M3 COBPEMEHHBIX TPYII MXOB, HO €ro poJICTBO C
HEKOTOPBIMHU JIPYTUMH M3BECTHBIMHU JIMHUAMU MCKOIIAEMBIX MXOB HE HCKIIIOUECHO.
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INTRODUCTION

Paleozoic mosses remain rather little known, and the
localities with well-preserved fossils remain quite few in
the world (Tomescu et al., 2018; Ignatov & Maslova,
2021). The northern Asia, the Angaraland in Late Paleo-
zoic time, is one of exceptions. Protosphagnalean moss-
es were a rather common component of the Upper Per-
mian vegetation there, as described by Neuburg (1956,

1960). It is likely that they not only dominated locally,
but were the only group of mosses in that area, and this
group became totally extinct.

However, at the western edge of this huge territory
where protosphagnalean mosses grew, there were several
localities where protosphagnalean and likely non-protosph-
agnalean mosses co-occurred. Gomankov & Meyen (1986)
described in their “Tatarina flora” a great diversity of
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mosses from the territory which is situated now in the NE
of the European Russia. The richest locality among de-
scribed by these authors is Aristovo. For mosses this is a
real Klondike, where as much as twelve moss genera were
found, eight being described as new (Ignatov, 1990).

The genus Gomankovia is one of them. This mono-
specific genus has been described based on a single leaf,
which, however, had many unique distinctive features.
Only a small leaf fragment in addition to the holotype
was mentioned in the protologue (Ignatov, 1990), and
this fragment even could not been attributed to this ge-
nus with certainty. During a long time after the descrip-
tion of Gomankovia, no new records of mosses from that
area appeared, until our collection of 2022 from the same
place provided numerous samples of mosses. The descrip-
tion of new collections of the genus Arvilidia has already
been published (Ignatov et al., 2023), while several oth-
er genera are still waiting an expanded study. The mate-
rial of Gomankovia, which allowed us to expand the
knowledge of this genus significantly, is described in the
present paper.

MATERIAL AND METHODS

Locality. The material was collected from the Aristo-
vo, Vologda Region, Velikoustyugskii District, right bank
of the Lesser Northern Dvina River 100 m upstream the
Aristovo pier. Details of the locality is given in Goman-
kov & Meyen (1986).

Gomankov & Meyen (1986) referred the deposits from
Aristovo to the Vyatkian Horizon, the Upper Tatarian
Substage, the Upper Permian, now referred to the Wu-
chiapingnian of the Lopingnian Series (Gomankov,
2002). Moss remains were associated with Tatarina pteri-
dosperms and numerous leaves of Cordaites. There also
were numerous oogonia of Charophyta, supporting,
among others, an assumption that the material comes
from deposits of the ancient riverbed, or oxbow lake (Go-
mankov & Meyen, 1986).

Entomofauna of the same deposits has been described
by Aristov et al. (2013), with the other useful reference
regarding this locality and its dating.

Material. The plant-bearing deposits consist of grey
and dark-grey argillites. Wet argillites were delivered into
the lab with some precautions to avoid possible fragmen-
tation that happens if argillite dries. During the trans-
portation, pieces of argillites were placed in plastic box-
es and wetted by water with fungicide. In the lab, the
material was sunk for four weeks in a mixture of aque-
ous saturated solution disodium EDTA (to extract calci-
um) and hydrofluoric acid (1:2), then washed in distilled
water. Plant remains were sorted and most of them were
mounted on slides with glycerol-gelatin using a standard
protocol. Before embedding, a few larger specimens were
studied and photographed in water under both light and
compound microscopes.

Microscopy and photography. Before mounting in
glycerol-gelatin on slides or in epon-araldite resin for

sectioning, material was photographed in water slides
under light microscope Olympus CX43 with camera In-
finity 1-2. Z-stacks of several images were obtained by
HeliconFocus 4.50 (Kozub ef al., 2008).

Destructive studies. Gomankovia specimens were
much less numerous than protosphagnalean mosses, but
we decided that three large leaf fragments (easily attrib-
utable to the genus by characteristically darker marginal
cells) can be used for destructive studies. Those included
(1) the general procedure for embedding to cutting me-
dium and (2) TEM preparation, as follow:

1) Anatomical sections studies. The material kept in
water with fungicide was washed in distilled water, then
dehydrated in an alcohol series (20%, 40%, 60%, 80%
and 96% alcohol), alcohol-acetone mixture (1:1), and
acetone for 15 minutes in each solution, soaked in an
acetone-resin mixture series (3:1, 1:1, 1:3) for 6, 12 and
1 hours respectively, and then embedded in epon-araldite
resin as recommended by the manufacturer. The resin
was polymerized at 37°C for 24 hours and then at 60°C
for another 24 hours.

For light microscope observations, serial sections of
2 or 1 pm thick were made with LKB ultramicrotome
with glass knives. At the point of special interest, the
resin block was proceeded further for the ultrathin sec-
tion preparation.

2) For TEM observations, the ultrathin 60 nm thick
sections were made with LEICA ARTOS 3D with dia-
mond knife (with 45° angle). TEM sections were studied
without any staining, or contrasted by either uranyl ace-
tate and lead citrate.

Sections were studied under JEM-1011 TEM (Jeol,
Japan) at 80 kV and a CCD ORIUS SC1000W under
control of GATAN Digital Micrograph in the Laboratory
of electron microscopy at the Faculty of Biology of
Lomonosov Moscow State University.

Specimens of Aristovo collections have the prefix
‘Aristovo-’, which is omitted in the foregoing figure leg-
ends, as no material from other collections is shown in
this paper.

MATERIAL DESCRIPTION

Identification. The material of this genus is rather
easy to sort out among other moss leaf fragments. Igna-
tov’s (1990) diagnosis of Gomankovia included: (1) leaves
oblong-ovate, (2) margin entire, (3) marginal cells simi-
lar in shape to lamina cells, but darker in color, (4) lam-
inal cells thin-walled, in the upper part of leaf isodia-
metric, near the base rectangular with length to width
ratio 2-3:1, (5) costa multistratose, moderately pro-
nounced, extending to 4/5 of the leaf length, with lateral
branches, in leaf apex forked.

This diagnosis allowed us to select 40 fragments of
Gomankovia from the mixture of moss fragments ob-
tained from balk maceration. Basing on these, we de-
scribe here the available entire leaves and their fragments
focusing on the variation of the mentioned features.
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Fig. 1. Gomankovia latifolia, Aristovo, Upper Permian. Leaf shape variation. A: 121A-1, B: 102A-8, C: 102B-12, D: 106B-13,

E: 107A-9, F: 115A-7, G: 120A-6.
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Leaves. The holotype leaf is 1.1 X 0.45 mm, e.g. has
size slightly below the average in extant acrocarpous
mosses with broad leaves, e.g. those without long, nar-
row acumina, while the latter usually have longer leaves.

In the present collections some leaves are smaller,
being 0.65 x 0.38 mm (Fig. 1A), 0.78 x 0.39 mm (Fig.
1B), 0.78 x 0.22 mm (Fig. 1C), but the conspicuous bor-
der, as well as more or less lingulate leaf shape ensure us
that these leaves belong to Gomankovia. One small leaf
in Fig. 1 B looks narrower acute, although it is some-
what damaged in the upper part, and the shape of its
apex is not clear. Gentle narrowing of these small leaves
towards the base apparently indicate that they likely were
from the lower parts of stems, in a manner of leaf differ-
entiation along the stem in extant mosses.

Other leaves from the new collections are somewhat
larger than holotype, 1.35 X 0.70 mm or a little longer,
considering somewhat incomplete preservation (Figs.
1F-G).

Leaf shape is variable, as they are widest above mid-
leaf (Fig. 1G), near it (Figs. ID-E), or below it (Fig. 1F).

Leaf apices vary from bluntly acute to broadly round-
ed. The holotype has an acute apex with apparently one
apical cell; similar apices were observed in leaves shown
in Figs. 1B, 1C, and 1E, though in some of them, e.g. in
Fig. 1B, leaf apex is partly damaged. In most cases, how-
ever, leaf apices are rounded, and cells in apical region
look fairly even, so it is difficult to recognize the leaf
apical cell among neighboring cells (e.g., in Fig. 2E, F).
However, in some cases even in leaves with rounded api-
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Fig. 2. Gomankovia latifolia, Aristovo, Upper Permian. Variation of the leaf apical part. A: 108B-5, B: 121B-6, C: 101B-1, D:
118A-20, E: 107A-6, F: 104A-2, G: 107B-8. The colored leaf border is biseriate at places (Figs. 1F, 2D), having a pattern of

broadening towards the base (arrowed).

ces, the apical cell can be recognized by its triangular
shape and characteristic surrounding cell arrangement
(e.g., in Fig. 2G) inherited from the apical cell bifacial
division (Frey, 1970; Donskov, 2015).

The angle at which the leaf sides meet at apex ranges
from 45 to 90° (most leaves in Figs. 1-3), not regarding the
very narrowly tapering leafin Fig. 1B, which can be caused
by damage. In case of large leaves with very broad, rounded
apices, it is difficult to estimate an angle formed by leaf
sides, unless to consider it being about 180° (Figs. 1G, 3D).

Minimal angle between leaf sides occurs in the leaf
shown in Figs. 2A and 3A. This leaf differs from most
other leaves in having elongate cells in the apical re-
gion; actually, isodiametric cells are totally absent in it.
Neverthless, other diagnostic characters of Gomankovia,
such as 1-2 rows of darker cells at margins and costa
with side branches, are present in this leaf, and we are
inclined to consider this difference within the range of
species variation. This is also supported by the presence

in our collection of another, similarly narrow, but poorer
preserved leaf, not shown here.

Leaf margins are always entire, though the marginal
cell walls faced outwards are somewhat convex, making
an aspect of a very slight dentation (e.g., Fig. 4E). Leaf
margins are perfectly plain, without any evidence of the
recurvation or incurvation. This fact can probably be ex-
plained by the presence of a border. The darker color of
the latter can be due to thicker walls of marginal cells,
which provide a rigid stature of leaf with plain margins.

Marginal cell differentiation in Gomankovia is con-
spicuous, first of all in its invariable presence in all leaf
parts. In most cases, shape and size of marginal cells do
not differ from those of the neighboring cells inwards
the leaf lamina. However, occasionally, a particular cell
at leaf margin can be subtended by two neighboring cells
or be longer than neighboring cells of inner leaf lamina.
More rarely, the marginal cell is divided longitudinally.
The colored leaf border is biseriate at places, having the
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Fig. 3. Gomankovia latifolia, Aristovo, Upper Permian. Costa is bracnhing in the upper, middle and lower parts of leaves. A:

108B-5, B: 106B-13, C: 104A-2, D: 107A-6, E: 105B-6, F: 107A-7, G: 107A-9.

pattern of broadening towards the base (Figs. 1F, 2D,
arrowed).

Marginal cells are 15-45 um long and 17-33 um wide.

Laminal cells of Gomankovia are described in the
protologue as isodiametric, ca. 30 X 30 wm in the upper
part of leaf; in recently collected material, cell size is
largely the same. Cells are more variable in subapical
region of leaves, where some cells are 40 X 30 um or
even 45 x 50 um (Fig. 2C, E, G), while in other parts of
leaves, cells are and smaller, 17-25 um (Fig. 2B, D).
The maximal difference in cell size was observed in leaves
with narrower apices (Figs. 1D, 2A), where cells around
the end of costa are 70-80 wm long, making the outline
of costa poorly defined.

Laminal cells in the basal part of leaf were described
in the protologue as having length to width ratio 2-3:1,

being maximally 80 um long and 40 um wide. In the
new collections, size of basal leaf cells almost never ex-
ceeds these limits, with only solitary cells being ca. 85
pum long.

The transition from isodiametric upper cells to elon-
gate basal cells in most cases starts at 1/3 to 1/2 of the
leaf length. Note, however, that in leaves with narrower
apices (Fig. 3A), the elongate laminal cells are arranged
along the costa, so that in the juxtacostal area cells are
wider than in submarginal area (Figs. 1F, 4A).

Costa is described in the protologue of Gomankovia
as multistratose, having lateral branches. In our opin-
ion, an apical furcation of costa is merely a variant of
lateral branching, so it will not be discussed separately.

Costa reaches 0.8 the leaf length in well-developed,
large leaves, whereas in smaller leaves it is shorter, to
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Fig. 4. Gomankovia latifolia, Aristovo, Upper Permian. Cells areolation in the different parts of leaf, showing variants of cells
in distal part of leaf, transition from costal to laminal cells, and variation in border differentiation. A-D, G: 107B-6, E: 104A-2, F:
117B-4, H: 107A-9, I: 108A-6, J: 101B-1. Pink arrow in ‘A’ point the dark colored cells at the tip of lateral costa.

0.65 the leaf length. Although being described as only a
moderately pronounced, at leaf base costa usually con-
stitutes 0.3-0.35 of the leaf width. In distal part of leaf,
e.g. below the last furcation, costa becomes narrower,
being 0.15-0.20 of the leaf width at this level.

Costa is translucent, at least at its margins, where
cell outlines are apparent, and their size is mostly 60-70
X 15-20 pm.

In the distal portion of costa, 25 lateral branches 1—
2 cells wide appear, spreading at narrow angle of 20—
30°. These lateral branches are 20—40 wm wide, and the
main part of the costa becomes markedly narrower after
each branch spreads off.

Costa multistratosity. The costae in their marginal
and distal parts (Fig. 3C, D) and in lateral branches
(Figs. 3F, G, 4A) look unistratose. This partially dis-
agrees with the original description of the costa of Go-
mankovia as multitratose, also challenging the costa def-
inition and a way of its delimitation from the lamina.
This is not the first time this question has been raised in
the description of Permian mosses. Thus, Neuburg (1960)
in the description of a number of Permian moss genera
already mentioned that costa is multistratose but at some
places it is unistratose. TEM observations of the costa

transverse sections of three specimens were done for
Gomankovia (Figs. 5-6).

Since the material of Gomankovia was compressed due
to multi-ton pressure, its cellular structure was strongly
modified. However, the relative thickness of cells walls, their
curvation, and rare occurrence of thick-walled cells allowed
us to restore leaf costa anatomy to a certain extent.

Width of laminal cells, ca. 30 wm, could be measured
in TEM images as a distance between the neighboring
joints of longitudinal and surface cell walls (Fig. 5G, ar-
rowed); it agrees well with what can be measured under
light microscope (Fig. SA-C). In TEM images of leaf
transverse sections, longitudinal cell walls are mostly
strongly curved; however, their measurements in better
seen sections (Fig. 5D) revealed that thickness of leaf
lamina in Gomankovia was between 10 and 15 um. Leaf
lamina may look as bistratose at places, with alternating
ticker and thinner strips (Fig. 5G); however, it is likely
the result of a very tight pressure which caused deforma-
tion of leaves and their irregular compression. True bis-
tratose places in the marginal part of costa can be recog-
nised by the unequivocal joints of three cells walls (Fig.
5D), whereas in Fig. 5G, numerous ‘pseudo-joints’, re-
sulted from strongly curved and pratly broken cell walls,
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Fig. 5. Gomankovia latifolia, Aristovo, Upper Permian, Series CUT P5. A—C: Leaf fragment, light microscopy; D-H: trans-

verse sections of its costa (D-E) and lamina (F-H), TEM images. ‘B’ is a whole specimen, ‘A’ and ‘C’ are its close-ups. ‘E’ shows
thick-walled cell within costa, and ‘F’ thick-walled cell within unistratose lamina. See text for discussion.

are seen. Even in the obviously bistratose part of costa,
places with apparent joints of three cell walls were rath-
er few (Fig. 6B, arrowed).

Surface cell walls are relatively equally thickened on
both sides of leaf (Figs. 5G—H, 6A), being 0.4-0.7 um
thick. In bi- or multitratose part of the leaf, i.e. in the
costal part, the abaxial cell walls are 10-25% thicker
than adaxial ones, ca. 0.8-1.1 um vs. 0.7-0.9 pm. Inter-
nal cells walls are still thinner (Figs. 5-6), considering
the thinnest of them, because the thicker ones could ap-
pear due to an oblique position to sectioning.

However, few cells with thicker walls are notewor-
thy. Fig. SE shows the section of one triangular, thick-
walled cell within bistratose costa. Its relation to neigh-

boring cells is unclear because their walls are strongly
broken. It is interesting that only one such cell, resem-
bling stereid cells in costae of extant mosses, was ob-
served in costa section of this specimen. It is also sur-
prising that the second thick-walled cell was found with-
in unistratose part of lamina (Fig. 5F). The only possible
explanation of its position is that it belonged to the tip of
lateral branch of costa, similar to that shown in Fig 4A
(arrowed), where thicker walls of its cells are apparent.
This ‘unicellular costa’ was found so far only once (un-
less Fig. S5E is not considered as one of its variants). Like-
wise, in the section of another series (CUT _P10), a sim-
ilar triangular thick-walled cell was found only once (Fig.
6C) within the bistratose part of section.
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Fig. 6. Gomankovia latifolia, Aristovo, Upper Permian. A—E: Transverse sections of costa and lamina (A) and costal parts (B—
E) of leaf fragments show in F-H (light microscopy). Series: CUT_P10: A-D, F and CUT_P4: E, G-H. ‘C’ shows thick-walled cell
within costa, ‘B’ and ‘D’: transverse sections of costa, showing perforated cell walls. ‘F” and ‘G’ are whole specimens, ‘H’ is
close-up of ‘G’.
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Another interesting structure in the series CUT P10
is the strongly perforated transversal or subtransversal
cell wall within the costa (Fig 6B, D). Numerous perfo-
ration are ranging in size from 0.07 to 0.5 um, which
might represent food-conducting cells (Ligrone et al.,
2000), though the excluding of artifact requires additional
studies.

The CUT_P4 series comprises the section of thick
costa near leaf base (Fig. 6 E), where it has a complex
multistratose structure, albeit with numerous broken cell
walls.

Small papillae occur on some outer cell walls in Go-
mankovia (Fig. 5D, G-H); however, their presence is not
regular, so the artifact caused by fossilization is also pos-
sible.

DISCUSSION

The original description of Gomankovia included its
comparison with the extant family Funariaceae, especially
with Physcomitrium, and with Splachnobryaceae, the
genus Splachnobryum (Ignatov, 1990). Both these groups
have superficial similarity with Gomankovia in lamina
areolation, but differ from it in a complex and regular
structure of costa.

In the transverse sections of costa in Gomankovia,
many cell walls were broken, thus hampering understand-
ing of its structure; however, the absence of stereid bands
and regularly differentiated epidermal layers was appar-
ent.

The most outstanding feature of this genus is the lat-
eral costa branching. In extant mosses, the costa is forked
in many hypnalean taxa, but one costa with several
branches is known only in Atritrichia, and even in the
latter genus, the branches are spreading from the central
costa only at its base, i.e. the main costa is perfectly un-
branched almost throughout.

An occasional and vestigial costa branching was re-
ported for protosphagnalean mosses by Neuburg (1960,
Fig. 3), but in their case this pattern is never that con-
spicuous as in Gomankovia; furthermore, superficially
these two groups look completely different. Nevertheless,
the circumscription of the order Protosphagnales was re-
cently challenged by Ignatov & Maslova (2021), who sug-
gested to include in it the genus Rhizinigerites, a moss
which lacks most specific features of protosphagnalean
mosses. The invariably differentiated leaf border and costa
strongly broadened to the leaf base are other similarities
between Gomankovia and protosphagnalean mosses.
These features, however, are not rare among other moss-
es, so they contribute only a little to the decision on the
systematic position of Gomankovia. Further data on ei-
ther Gomankovia, or other similar Paleozoic mosses may
help to approach the solution.
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