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ABSTRACT

Naugolnykh SV & Orlova OA 2006. Moscvostroblls - a new genus of Carboniferous lycopods from
the Moscow Region (Russia). The Palaeobotanist 55( 1-3): 1-14.

A new taxon of heterosporous lycopsid strobilus, Moscvostrobus l11irabile gen. et sp. nov. is described
from a clay shale of the Serpukhovian (Namurian, Lower Carboniferous) deposits in the Zaborie quarry,
located near the town of Serpukhov, Moscow Region, Russia. The strobilus is preserved in natural
connection to the leafy branch, attached to a shoot. The outer surface of the shoot has a thin longitudinal
ribbing. Small subtriangular leaves are helically arranged on the shoot. The strobilus has a spherical
shape, which is unusual for Carboniferous lycopods. The apex is round and base is wedge-shaped. Three
lanceolate sporophylls with acuminate, flexuous tips are clearly seen in the upper part of the strobilus.
The edges of the sporophylls are serrate in their upper part. Mega- and microsporangia are irregularly
arranged. The microspores are of Lycospora-type. Megaspores are gulate. Mosc,Jostrobus mirabile could
be compared to strobili of the Lepidocarpdceae, but exact systematic position of the genus is still problematic.

Key-words-Carboniferous, Russian PlatforJ1l, Lycophytes, Heterosporic plant.
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INTRODUCTION

L YCOPODIOPSIDA was one ofthe most widely
spread and dominant higher plant group during

the Late Paleozoic. Representatives ofLycopodiopsida
were especially important constituents ofthe equatorial
Carboniferous vegetation. They were well adapted to
the wann humid climatic conditions. These plants formed
quite often monodominant communities and played an
essential part in peat-accumulating process (DiMichele
& Phillips, 1985).

Carboniferous lepidophytes (arborescent
lycopods) are well studied, especially the anatomically
preserved permineralised material ofcoal-balls known
from coalfields in Europe and North America. General
morphology and the anatomical structure ofthese plants
have been examined in detail (Brack-Hanes & Thomas,
1983; DiMichele & Phillips, 1985, 1994;Long, 1967;
Nemejc, 1954; Phillips & DiMichele, 1992, etc).

Although there is not much published information
on lepidophytes from anti tropical areas ofthat time of
Angaraland and Gondwana (Anderson & Anderson,
1985; GutielTez et aI., 1986; Lemoigne & Brown,
1980; Rayner, 1986), a notable contribution on Angaran
lepidophytes was made by Meyen (1976).

The present paper deals with new strobilus
Moscvostrobus mirabile gen. et sp. nov. The studied
material was collected from the Zaborie quarry located
near the town ofSerpukhov, Moscow Region, Russia.

GEOLOGY OF THE AREA

The ZabOlie quarry is located in the southern part
ofMoscow Sineclise on the left bank ofthe Oka River
near Myrniy Village (Fig. 1), south of the town of
Serpukhov (54°54' N, 37°27' E). The Zaborie quarry
had been e'xtensively exploited for over 150 years and
had been known as a rich source of Lower
Carboniferous fossils, mostly marine invertebrates. In
the late 1990s, the quarry was closed down, but its

outcrops comprising about 30 meters ofSerpukhovian
Stage are still open for collecting geological samples.

The Zaborie quarry sequence represents a
complete thickness ofthe Serpukhovian Stage and was
proposed as a lectostratotype of the Serpukhovian
(Gibshman, 2001; Kabanov, 2003). According to
modem stratigraphic nomenclature, the Serpukhovian
Stage is divided into two substages: Lower
Serpukhovian and Upper Serpukhovian (Makhlina et
aZ., 1993). In Moscow Sineclise the Lower
Serpukhovian deposits include Tarusian and the
Steshevian Horizons. The Seventh pocket of the
sequence is represented by facies of "Steshevian
lagoon" i.e., black clays with thin layers of limestones
and dolomites at the pocket base. Stratigraphically the
Seventh pocket belongs to foraminifer zone
Eostaffellina decurta (Gibshman, 2001), conodont
zone Lochriea nodosa (Nikolaeva et aI., 2002).

The strobilus under analysis was found in the upper
part ofthe Steshevian Horizon in the 39th layer of the
Seventh pocket (Fig. 2).

Layer No 39 is 1.1 m thick and represented by
dark-grey clayey schist, not disintegrating in water, rather
similar to stiffpaper. Small ichnofossils ofZoophycos
Massalongo and Teichichnus Seilacher often occur in
the layer. There are also isolated valves ofbrachiopods
Eomarginifera Zobata (Sow.) and graptolites
(Dictyonema spp.). The specimen ofMoscvostrobus
mirabile was found right in the middle part ofthis layer.

MATERIAL AND METHODS

The solitary specimen used in this study is a coalified
strobilus, which is heavily deformed and laterally
compressed. The strobilus is preserved in natural
connection to the leafy shoot. In some places, where
the coalified matelial broke into cmmbs and separated,
one could see external imprint ofthe strobilus surface.

A fragment ofthe coalified material (5 x 5 mm)
was taken from basal part ofthe sporophylls left ofthe
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Fig. 3-Moscvostrobus mirabile spec imen No. 296/ I, (a) apical part of the sporophyll wi th serrated margin; (b) basal part of the
sporophyll with the sporangium (based on PI. 2.3); (c) the aggregation of megaspores into partially preserved
megasporangia; (d) epidelmallayer of adaxial surface of the megasporophyll.
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axis of the strobilus, comprising a fragment of
sporangium and part ofthe sterile foliar segment ofthe
sporophyll. The fragment was macerated in the Schultz
reagent. The cuticles obtained were washed in distilled
water, dried and mounted on the stubs with acryl glue
for study under SEM (Stereoscan 600). Line drawings
of morphological features were made after tracing
photographs (Fig. 3).

Authors used higher plant classification proposed
by Meyen ( 1987).

SYSTEMATICS

Class-LYCOPODIOPSIDA Bartling, 1831

Order-ISOETALES Prantl, 1874

Family-INDETERMINATE

Genus-MOSCVOSTROBUS gen. nov.

Type species-Moscvostrobus mirabile sp. nov.

s

] 8
.-

(PI. 1-3)

Diagnosis-Heterosporous lycopod strobilus of
spherical shape; sporophylls longitudinally striated in
sterile part. Distal parts ofsterile sporophylls relatively
large, lanceolate with acute apices. Sporophyll margin
in apical part serrate. Ovoid sporangia adaxially
attached to proximal part of sporophylls.
Megasporangia contain more than one (normally three
to four) megaspore tetrad of Sublagenicula-type.
Microsporangia contain microspores ofLycospora
type. Mega- and microsporangia are disposed on the
ferti Ie axis irregularly to each other.

Comparison-The new genus differs from the
most similar genera in its spherical shape, considerably
large size and serrate apical margins ofthe sporophylls.
Important features ofsome comparable Carboniferous
lepidophytes are shown on Fig. 5.

Etymology-After Moscow City.

Moscvostrobus mirabile sp. nov.

(PI. 1-3; Figs 3, 4)

Fig. 4- (a) Reconstruction of general morphology of the stro
bilus Mosevostrobus mirabile, sporangium(S); (b)
the microspore of Lyeospora-type (not to scale); (c)
the sculpture on distal surface of a microspore (not
to scale).

Diagnosis-Strobilus large, spherical, laterally
disposed on a branching stem. Basal part ofstrobilus
cuneate, wedge-like; apical part round. Sterile part of
lanceolate sporophylls relatively long and wide and
apices serrated. Surface ofsteri Ie part ofsporophylls
longitudinally striated. Strobilus heterosporous.
Sporangia located in proximal parts ofsporophylls and
adaxially attached to them. Sporangia on average 5-8
mm long and 3-5 mm wide. Each megasporangium
containing more than one (three or four) megaspore
tetrad ofSublagenicula-type. Microsporangia contain
microspores ofLycospora-type. Megasporangia and
microsporangia are disposed on the fertile axis
irregularly.

Description-The fossil is a fragment of stem
measuring 12 mm wide and 120 mrn long. A large
spherical strobilus is attached on a small pedicel (PI. 1.
1). Outer surface ofthe stem has fine longitudinal ribs



,
G

en
er

a
G

en
er

al
sh

ap
e

1
)'

p
eo

f
T

yp
e

o
f

A
ge

G
eo

gr
ap

hi
ca

l
P

ar
en

tp
la

n
t

R
ef

er
en

ce
o

fs
tr

o
b

il
u

s
st

ro
b

il
u

s
in

si
tu

sp
o

re
s

di
st

ri
bu

ti
on

z
L

ep
id

os
tr

ob
us

C
yl

in
dr

ic
al

M
ic

ro
st

ro
bi

lu
s

C
ar

bo
ni

fe
ro

us
-

G
lo

ba
l

L
ep

id
od

en
dr

on
B

ek
&

O
pl

us
ti

l,
:J>

L
yc

os
po

ra
c C

l
(B

ro
ng

ni
ar

t)
P

em
ua

n
20

04
0 r

B
ra

ck
-H

an
es

&
z -<

T
ho

m
as

,
19

83
7

' :r:
F

le
m

in
gi

te
s

C
yl

in
dr

ic
al

H
et

er
os

tr
ob

il
us

L
ag

en
ic

ul
a

o
r

C
ar

bo
ni

fe
ro

us
U

S
A

,
E

ng
la

nd
,

P
ar

al
yc

op
od

it
es

D
iM

ic
he

le
&

Ro

(C
ar

ru
th

er
s)

L
ag

en
io

is
po

ri
-

R
us

si
a,

G
er

m
an

y,
(=

A
na

ba
th

ra
)

Ph
ill

ip
s,

19
94

0 ;;
0

B
ra

ck
-H

an
es

&
te

s;
L

yc
os

po
ra

F
ra

nc
e

r 0

T
ho

m
as

,
19

83
~

A
ch

la
m

yd
oc

ar
po

n
C

yl
in

dr
ic

al
M

eg
as

tr
ob

il
us

,
C

ys
to

sp
or

it
es

,
C

ar
bo

ni
fe

ro
us

U
S

A
,U

kr
ai

ne
,

D
ia

ph
or

od
en

dr
on

,
L

on
g,

19
67

;D
iM

ic
he

le
I ::::

S
ch

um
ac

he
r-

M
ic

ro
st

ro
bi

lu
s

G
ra

na
sp

or
it

es
B

el
gi

um
,E

ng
la

nd
Sy

nc
hy

si
de

nd
ro

n,
&

P
hi

ll
ip

s,
19

94
;

C
) v
,

L
am

br
y,

19
66

H
iz

em
od

en
dr

on
B

at
em

an
et

aI
.,

'l ;j
19

92
v
, ;;j

L
ep

id
oc

ar
po

n
C

yl
in

dr
ic

al
M

eg
as

tr
ob

il
us

C
ys

to
sp

or
it

es
C

ar
bo

ni
fe

ro
us

F
ra

nc
e,

C
ze

ch
L

ep
id

oj
lo

yo
s

B
at

em
an

et
aI

.,
C

) '"
S

co
tt

,
19

00
R

ep
ub

li
c,

E
ng

la
nd

,
19

92
53

U
SA

:J>
M

az
oc

ar
po

n
C

yl
in

dr
ic

al
M

ic
ro

st
ro

bi
lu

s,
C

ra
ss

is
po

ra
,

C
ar

bo
ni

fe
n'

lu
s

E
ng

la
nd

,H
ol

la
nd

,
Si

gi
ll

ar
ia

D
iM

ic
he

le
&

P
hi

ll
ip

s,
z

B
en

so
n,

19
18

M
eg

as
tr

ob
il

us
L

ae
vi

ga
to

sp
o-

U
SA

19
94

m ~

(=
co

m
pr

es
si

on
ri

te
s

or
Tu

be
r-

C
l m

Si
gi

ll
ar

io
st

ro
bu

s)
cu

la
ti

sp
or

it
es

z c
O

m
ph

al
op

hl
oi

os
F

er
ti

le
zo

ne
B

is
po

ra
ng

ia
te

D
en

so
sp

or
it

es
,

L
at

e
C

ar
bo

ni
-

P
ol

an
d,

C
ze

ch
B

od
eo

de
nd

ro
n

B
ek

&
S

tr
ak

ov
a,

19
96

(f
) 0

(W
hi

te
,

18
98

)
fe

rt
il

e
zo

ne
C

ri
st

at
i-

fe
ro

us
R

ep
ub

li
c,

U
S

A
,

-n n
B

ro
us

m
ic

he
-

sp
or

it
es

S
pa

in
,

E
ng

la
nd

:J> ;;:
J

D
el

ca
m

br
e

et
aI

.,
a
; 0

19
95

z -n
C

ha
lo

ne
ri

a
F

er
ti

le
zo

ne
B

is
po

ra
ng

ia
te

E
nd

os
po

ri
te

s,
L

at
e

C
ar

bo
ni

-
U

SA
C

ha
lo

ne
ri

a
P

ig
g

&
R

ot
hw

el
l,

19
83

m ;;
0

P
ig

g
&

R
ot

hw
el

l,
fe

rt
il

e
zo

ne
V

al
vi

si
sp

or
it

es
fe

ro
us

(=
P

ol
ys

po
ri

a)
0 c

19
83

(
f
)

r
M

ia
de

sm
ia

F
er

ti
le

zo
ne

M
o

n
o

sp
o

ra
n

-
un

kn
ow

n
sh

ap
e

L
at

e
C

ar
bo

ni
-

E
ng

la
nd

M
ia

de
sm

ia
T

ho
m

as
,

19
97

-< n
B

en
so

n,
19

18
gi

at
e

fe
rt

il
e

zo
ne

fe
ro

us
0 -0 0

C
ar

in
os

tr
ob

us
C

yl
in

dr
ic

al
M

ic
ro

st
ro

bi
lu

s
A

ca
nt

ho
tr

il
et

es
L

at
e

C
ar

bo
ni

-
U

SA
un

kn
ow

n
B

ax
te

r,
19

71
0 (
f
)

B
ax

te
r,

19
71

or
G

ra
nu

la
ti

-
fe

ro
us

-n ;;
0

sp
or

it
es

0 3:
Sp

en
ce

ri
te

s
S

co
tt

F
er

ti
le

zo
ne

Is
os

po
ra

ng
ia

te
Sp

en
ce

ri
te

s
L

at
e

C
ar

bo
ni

-
E

n£
la

nd
,C

ze
ch

Sp
en

ce
ri

te
s

D
ra

bk
ov

a,
B

ek
&

;;:
J

em
en

d.
D

ra
bk

ov
a,

fe
rt

il
e

zo
ne

fe
ro

us
R

ep
ub

li
c,

U
S

A
O

pl
us

ti
l,

20
04

c (f
)

(f
)

B
ek

&
O

pl
us

ti
l,

20
04

.
:;

M
os

cv
os

tr
ob

us
S

ph
er

ic
al

H
et

er
os

tr
ob

il
us

L
yc

os
po

ra
,

E
ar

ly
C

ar
bo

ni
-

R
us

si
a

un
kn

ow
n

th
is

pa
pe

r
ge

n.
no

v.
Su

bl
ag

en
ic

ul
a

fe
ro

us

F
ig

.
5

-G
e
n

e
ra

l
fe

at
ur

es
o

fi
m

po
rt

an
tC

ar
bo

ni
fe

ro
us

le
pi

do
ph

yt
es

.
-.

J





NAUGOLNYKH & ORLOVA-MOSCVOSTROBUS - A NEW GENUS OF CARI30NIFEROUS LYCOPODS FROM RUSSIA 9

Equatorial view Polar view
Length Width Length Width Height of

(Ilm) (Ilm) (Ilm) (Ilm) gula(llm)

({() 500 1700 1150 250
800 ({() 1100 750 238
800 450 500 275 50
750 ({() 450 250 50

1100 900 1000 750 150
2000 2000 2000 1800 300
2000 1800 2000 1500 300

Fig. 6--Sizes of megaspores extracted from Moscvostrobus
mirabile.

and furrows, 0.5 mm wide. These ribs probably are
peridermal in nature and cou Id correspond to
mechanical tissues. Partly preserved scale-like leaves,
subtriangular in shape with wide bases are seen on some
parts ofthe stem. General morphology ofthese leaves
are similar to short subtriangular leaves ofthe Lower
Carboniferous lepidophyte Stansburya petersenii
Tidwell and Jennings, 1986. The stem is slightly curved.
Two small branchlets lie laterally in distal and proximal
parts ofthe stem. Proximal branchlet is the pedicel of
the strobilus. These branchlets are at a distance of9.5
em from each other. The branchlets arise from the main
stem at an angle of60°.

The strobilus is 116 mm long, maximum width of
the strobilus is near its upper part and measures 92
mm. Apex of the strobilus is round and basal part is
cuneate wedge-like (PI. 1.5). Maximum width of the
pedicel is 6 mm.

Sporophylls are not clearly seen mostly because
of considerable deformation of the strobilus.
Nonetheless, three relatively better preserved
sporophylls are observed at the upper right side of the
strobilus (PI. 1.2-4). The lowest sporophyll is preserved
almost completely (PI. 1.3). Sporophylls are lanceolate
in shape with acute apices which slightly curve upwards.
Sterile part ofthe sporophyll is 30 mm long and 10-11

mm wide. Margins ofthe sporophylls are serrate in the
apical parts (PI. 2.1, Fig. 3a). Surface of the
sporophylls bears fine longitudinal ribs. Distance
between neighbouring ribs averages 0.8 mm.

There is one relatively well preserved
microsporangium located at the lower part of the
strobilus near the base. Microsporangium is ovoid,S
mm long x 1.3 mm wide and adaxially attached to the
microsporophyll. It is connected with the fertile axis of
the strobilus at right angle. There are numerous
microspores inside the distal part ofthe sporangium;
some spores form round aggregations, while others are
isolated.

Microspores extracted from the macerated
sporangium are circular in shape and usually up to 20
25 ).tm in diameter (PI. 3.1,3-6), but some spores are
up to 40 ).tm in diameter (PI. 3.2). Proximal surface of
the spores bears a trilete scar; rays short, 1/4 ofspore
diameter (PI. 3.1, 2). Proximal surface of the
microspores is smooth (PI. 3.1), more rarely it could
be sculptured with small granules (PI. 3.2). The
microspores have 2-4).tm wide cingulum (PI. 3.1,5,
6). Distal surface is ornamented by small differently
developed granules (PI. 3.3-6) of 0.3-0.4 ).tm.
Morphologically the microspores correspond to
diagnosis ofdispersed spore genus Lycospora (Schopf
et al.) Somers, 1972. Diversity of the genus is quite
high, even for spores extracted from one and the same
sporangium (Balbach, 1966).

There is an imprint of megasporangium near the
basal part ofthe strobilus. It is 6.5 mm long and 3 mm
wide. One incomplete tetrad of pear-shaped
megaspores is seen inside the megasporangium.
Megaspores bear near-apical extension (subgula) 50
).tm high. Megaspores are small, 500-800 ).tm long and
275-450 ).tm wide.

On the upper part of the strobilus there is a
relatively distinct imprint ofanother round to ovoid, 6.5
mm long and 4.5 mm wide megasporangium. It contains
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'\ PLATE 1

Moscvostrobus mirabife gen. et sp. nov., Specimen No. 296/1.

I. General view. x 1.1.
2-4. Sporophyll morphology. x 3.

5. Structure of the strobilus basal part. x 3.
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larger megaspores measuring nearly 2000 ~m in
equatorial diameter. Megaspores are partly united into
tetrads; partly disposed in ones or twos. Similar
aggregation of the megaspores exists in the
megasporangium ofneighbouring sporophyll (PI. 2.2,
Fig. 3c). Outlines of the megaspores are round or
subtriangular in equatorial view. Laesura is distinct with
three rays. Length of the rays is almost equal to the
spore radius. Curvatures are not well developed. The
megaspore surface is smooth. According to the
morphological features mentioned above, the
megaspores could be assigned to Sublagellicula
(Dybova-Jachowicz et al.) Oshurkova, 2001.

Impression ofthe megaspores and their tetrads of
the same morPhology were found in other parts ofthe
strobilus. It may be noted that the megaspores widely
vary in size (Fig. 6). Relatively small megaspores (450
500 ~m) are characteristic ofbasal part ofthe strobilus,
while larger megaspores (2000 ~m) are found in the
middle and apical parts.

Holotype-Specimen No. 296/1, Plates 1-3,
Figures 3-4.

Repository-Department of Paleontology,
Geological Faculty, Moscow State University,
Moscow.

Occurrence-Russia, Moscow Region, in the
vicinity ofthe town ofSerpukhov, the Zaborie quarry;
Lower Carboniferous, Serpukhovian Stage, Steshevian
Horizon.

Etymology-From mirabilis (Latin), wonderful.
Discussion-In its general architecture and the

structure ofmicro- and megaspores, Moscvostrobus
mirabile is similar to several genera of the
Lepidodendrales (Chaloner, 1953, 1967). Therefore
this taxon could be attributed to Lepidodendrales or
Isoetalessensu lato (according to Meyen, 1987). Using
the system oflepidophyte families proposed by Thomas
and Brack-Hanes (1984), Moscvostrobus could be

compared to Lepidocarpaceae, but the systematic
position ofthe genus at family level is still problematic.
General shape ofthe sporophylls ofMoscvostrobus is
quite typical ofLepidocarpaceae. Close similarity exists
in proportions and structure of sterile part of the
sporophylls between M. mirabile and Lepidostrobo
phyllum alatum Boulter, 1968 but the latter species
lacks apical serration. Microspores ofM. mirabile are
very similar to the microspores extracted from the type
specimen of Lepidostrobus ornatus (Brongniart)
Brack-Hanes & Thomas, 1983, though the species of
Lepidostrobus have cylindrical shape ofthe strobili.
There are many features common between microspores
ofM. mirabile and Lepidostrobus binneyanus Arber
(Thomas, 1970, 1988), the species characteristic of
European Westphalian B. But the proximal side of
microspores ofL. binneyallus has feebly developed
granules (spores of this morphotype commonly
assignable to Lycospora perforata Bharadwaj &
Venkatachala, 1958). General shape, size and sculpture
on proximal side of the microspores of M. mirabile
compare closely to Lycospora noctuina extracted from
the sporangia of Lepidostrobus haslingdenensis
(Thomas & Dytko, 1980), but differ in the absence of
papillae on equator in the former.

Several forms of Lepidostrobus figured in the
monograph ofNemejc (1954), compare closely to M.
mirabile having relatively broad sporophylls and ovoid
cylindric strobilus rather than narrow-cylindric shape
of the strobili. The taxa Lepidostrobus sternbergii
Corda emend. Bek and Oplustil (2004, pI. V. 4-6); L.
nemejcii Bek and Oplustil (2004, pI. V. 7); L. cernuus
Sternberg (1826, pI. IX, X); and some sporophylls of
Lepidostrobophyllum lanceolatum Lindley & Hutton
(1831-1833, pI. VIII, 7-9) also compare with present
strobilus, but all ofthese forms have non-serrate margins
in the apical part of the sporophyli. Beside, Nemejc
based speciation ofLepidostrobus strobili only on the

L
'\ PLATE 2

Moscvostrobus mirabile gen. et sp. nov., Specimen No. 296/ I.

I, 3. Sporophyll morphology. x 10. 4.
2. The aggregations of megaspores in partially distroyed

megasporangia. x 10.

Epidermal structure of the adaxial surface of the
megasporophyll. x 100.
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cone morphology without considering in situ
microspores. Bek and Oplustil (2004) re-examined
Nemejc's material and transferred some specimens from
Lepidostrobus sternbergii to L. nemejcii based on
their spore characters.

Fertile stems of Lepidodendropsis devoogdi
Jongmans, 1954 were described from the Lower
Carboniferous deposits from Peru. Some ofthe stems
bear megasporangia with megaspores preserved in situ
(Jongrnans, 1954, pI. 21. 22, 22a). Size and structure
of the megasporangia resemble M. mirabile, but the
sporophylls of L. devoogdi are not aggregated in
compact strobili and formed fertile zones that sometime
occurs on dichotomously branched stems.
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