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ABSTRACT. A taxonomic revision of the genus Potamogeton has been carried out. Endocarps of the genus have
been examined in fossil material from Mizerna (Pliocene-Pleistocene). Fossil collections from Belarus and an-
other eastern part of Eurasia have also been studied and compared. The morphology of the endocarps has shown
new features which supplement the taxonomic diagnosis of the species. Descriptions and plates of the endocarps
of 18 species are given. Comparison of each species from Mizerna with available fossil or contemporary material
has been made. 10 extinct species and 3 distinct groups of the genus Potamogeton have been distinguished.
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INTRODUCTION

The famous Neogene flora of Mizerna inves-
tigated and described by W. Szafer (1954) re-
tains its very important significance to the
present day. This flora was obtained from an
approximately 30 m thick layer of sediments
which originated during the long period from
the Middle Pliocene to the Lower Pleistocene.
A few developmental vegetation stages corre-
sponding to climatic change and varying pa-
laecogeographical conditions were distin-
guished by W. Szafer. It should be stressed
that a gradual cooling of the climate in the
Late Cenozoic resulting in several glacial and
interglacial periods might already have begun
in the Pliocene or Upper Miocene, a supposi-
tion supported by several modern investiga-
tions (Zuchiewicz 1983). There is no evidence
of sudden climatic change at the end of the
Pliocene/Pleistocene in Europe. Cooling phases
revealed in the floristic composition of fossil
floras were present in different stages of the
Pliocene, so the proper and precise estab-
lishment of the Pliocene/Pleistocene boundary
has still been difficult and the subject of much

* This work has been possible thanks to a scholarship and
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discussion (Szafer & Oszast 1964, Oszast
1970, Zuchiewicz 1983, Stuchlik 1987).

During recent stratigraphical investigations
on the Neogene and Pleistocene in Europe
have developed considerably. On the basis of
available palaeobotanical materials obtained
from sedimentary sequences a large number of
new stratigraphical units, clearly and unequi-
vocally connected, have been established (Gur-
skyi & Levkov 1977, Friis et al. 1978, Gregor
1990, Sadowska 1990, Lindner et al. 1995).

The flora of Mizerna collected from outcrops
and borings during several years of field work
contained approximately 200 taxa of cryptoga-
mae and phanerophyta and is considered to be
one of the richest Pliocene-Pleistocene floras in
Europe. In the light of modern scientific inves-
tigations the study of this flora should con-
tinue to provide information about the history
of the flora in the late Cenozoic and the devel-
opment of contemporary members of European
vegetation.

W. Szafer distinguished water plants as im-
portant markers in relation to climatic
changes. Among all water plants the genus Po-
tamogeton was singled out to show its strati-
graphic significance (Szafer 1954, p. 199-201).
From studying over 1500 specimens, Prof. Ma-
dalski established the existence of 16 recent
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European species of Potamogeton derived from
7 complexes of Mizerna (Mizerna I — Mizerna
IV) (Szafer 1954, p. 108, Tab. 20). Several
years later Prof. M. Lancucka-Srodoniowa
became the first person to pay attention to
Madalski’s incorrect identifications of species
and stressed the necessity of Potamogeton re-
vision.

This work has been done by the two authors
in this paper during 1995-96 with financial
support obtained by F. Yu. Velichkevich from
the Kasa im. J. Mianowskiego, Warsaw.

The recent family Potamogetonaceae com-
prises about 100 species of aquatic herb widely
distributed in fresh and brackish water. The
fruits are usually apocarpous formed from 1 —
4 drupes or more rarely nutlets. The endo-
carps are laterally flattened and characterized
by dorsal germination valvae and a central de-
pression on each side. There is a single campy-
lotropous seed in each nutlet. Fossil endocarps
of Potamogeton are common in the Tertiary flo-
ras of Europe and Asia, the earliest being re-
corded from the late Lower Eocene of southern
Europe (Friis 1985).

MATERIAL AND METHODS

All fossil endocarps of Potamogeton obtained during
1949, 1960-1962 from the flora of Mizerna and stored
in sets in boxes at the Museum (coll. no. KRAM-P
15/RW) of the Palaeobotanical Department have been
examined. The materials from borings a, 1, 2, 4, 5 and
from outcrops marked as: hole above gravels, outcrop,
peat next to a new bridge — July 1961, wall above Ko-
procz stream and Mizerna 1961, bottom level have
been considered and thoroughly studied. Additionally,
new material has been examined obtained from a geo-
logical boring at Mizerna Nowa made in 1979, when
101 samples taken of regular intervals from the first
38 m of Neogene deposits of gravels, clays, sandy clays
and sands were subjected to palaeobotanical analysis.
For carpological analysis 53 samples from a 20.5
metre section of the profile (17.5-38.0 m) at intervals
of 10-25 ¢cm were examined. In these samples only a
few, single endocarps of Potamogeton were found. In
total, over 2000 well preserved specimens, excluding
fragments, were studied. On the basis of this material
18 species, of which 10 are extinct, have been identi-
fied. The material was compared with contemporary
and fossil endocarps from the eastern collections be-
longing to F. Yu. Velichkevich. In the case of difficult
taxa examples from the type collection of species used
for comparision are presented in Plates 1-3. In de-
scribing endocarps the following some publications
have been used: Aalto 1970, Dorofeev 1986, Velichke-
vich 1982 and Cappers 1993-1994 from which a few
terms have been borrowed. To improve the descrip-
tions and morphological nomenclature the authors
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Fig. 1. Potamogeton fossil endocarp pattern: morphological
characters and terms used in the description: 1 — apex, 2 —
base, 3 — length, 4 — width, 5 — ventral margin, 6 — ventral
spine (or bulge), 7 — fragments of mesocarp, 8 — dorsal mar-
gin, 9 — shoulder (distance between top of lid and base of
style), 10 — lid (germination valve), 11 — top of lid, 12 — spine
of lid, 13 - keel of lid, 14 — crest (crispate or plate-like),
15 - nipple of lid, 16 — basal wart, 17 - stalk, 18 — style,
19 — stigma, 20 — side, 21 — central depession, 22 — mouth
of central depression 23 - cavity, 24 — tubercles, 25 — furrow,
26 — fringes

have added some features establishing a full set of dis-
tinct endocarp features (Fig. 1).

Dry endocarps were stuck with glue on holders,
mounted on a specimen ring, coated with gold in an
ion sputter-coating unit Jeol, IFC-1100 and then
examined and photographed using a Tesla-BS-301
SEM. Some specimens were also examined under a
light microscope.

SYSTEMATIC DESCRIPTIONS

Potamogeton tataricus Dorof. et Wieliczk.
Pl 1, figs 1-4

1986 Potamogeton tataricus Dorof. et Wieliczk., Doro-
feev; p. 36, Figs. 12, 1-9.

Material. Coll. KRAM-P no /15 RW/ 1a, 2,
45-52a, 8a, 64a, b, 70: 576 endocarps.

Description. The endocarps are fairly
large, 2.2-2.8 mm long and 1.7-2.4 mm wide.
They are obovate and asymmetrical. The ven-
tral margin is strongly convex in the 2/3 and
straight or concave in the basal 1/3. The dorsal



margin is uniformly convex, semicircular with
a broad and slightly keeled lid. Sometimes, in
the upper part of the lid, a small crest has
been preserved and at its base small warts are
visible. The pointed top of the lid falls short of
the style base leaving a small shoulder. The
style is centrally positioned, fairly thick and
long and usually inclined towards the dorsal
margin. The stalk is short and blunt, with a
broad and cuneate base. The sides are convex,
with a small and deep central depression. The
endocarp walls are thick with their surface
small-celled, mainly dark brown, mat or
slightly lustrous.

Comparison. The endocarps of the P. ta-
taricus type collection from the Middle
Pliocene flora of Rybnaya Sloboda in Tataria
agree with those described above. (PL. 1, fig. 4),
except that they are slightly narrower, possess
a less convex ventral margin and a narrower,
crevice-like central depression. Besides, some
of the endocarps of the Tataria collection have
a small, but distinct shoulder. The other
species from the same group (P. tertiarus
Dorof., P. praemackianus Wieliczk. and P. sar-
Jjanensis Wieliczk.) show considerably greater
differences from the species described above
and point to a more distant relationship with-
in the genus.

Potamogeton obtusatus Dorof.
PL 1, figs 5-9

1986 Potamogeton obtusatus Dorof., Dorofeev; p. 97,
Fig. 50, 1-10.

Material. Coll. KRAM-P no /15 RW/ 3d-67:
244 endocarps.

Description. The endocarps are medium
sized, 2.0-2.5 x 1.6-1.9 mm, obovate and flat.
The ventral margin is slightly convex to nearly
straight or somewhat sigmoid, with a rouned
edge and furnished with a ventral bulge in the
lower part. The dorsal margin is falcate or
nearly semicircular. The lid has an entire or
crispate crest. The top of the lid is adpresseed
to the style, or more frequently separated from
it by a small shoulder which is sometimes ab-
sent. The style is thin, filamentous and very
rarely preserved. The stalk is tubercular, poor-
ly differentiated and often absent. The sides
are flat or concave with a broad, shallow cen-
tral depression extending to the ventral mar-
gin in the form of a mouth. The endocarp walls
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are fairly thin to thick. The surface may be
even, rough, mat or slightly lustrous.

Comparison. The endocarps of the type col-
lection from the Middle Pliocene flora of Khol-
mech, Belarus (Pl. 1, figs 8, 9) completely
match the ones studied in size and shape but
differ by having a more conspicuous plate-like
and crispate lid crest. The endocarps of the
contemporary P. obtusifolius Mert. et Koch
show considerably greater differences from
those described. Thus, for example, the fossil
endocarps of the latter species from the Mazo-
vian interglacial flora of Minichi in the south-
western region of Belarus (Pl 1, fig. 10) are
larger, with convex sides, fringed lid crest and
conspicuously prickled stalk. The P. obtusus
Dorof. endocarps described from the Upper
Pliocene of the Tambovskaya area (Dorofeev
1986) are very similar to P. obtusatus in sev-
eral important diagnostic features; the dif-
ferences between them having principally
biometric significance. It should be stressed
that P. obtusatus was the only species present
at least till the Eopleistocene in Belarus, then,
in the Middle Pleistocene, P. obtusifolius Mert
et Koch appeared (Velichkevich 1982).

Potamogeton squamatus Dorof.
Pl 1, figs 12-14

1986 Potamogeton squamatus Dorof., Dorofeev; p. 94—
96, Fig. 49, 11-18.

Material. Coll. KRAM-P no /15 RW/ 3a-75a:
593 endocarps.

Description. The endocarps are small, 1.8—
2.1 x 1.4-1.8 mm, fairly stable in size but vari-
able in shape: from semicircular or obovate to
oval or nearly orbicular. The elongate and obo-
vate forms are the most characteristic. The
ventral margin is slightly convex, arched or
somewhat sigmoid, keeled at the edge, some-
times with a small, ventral spine in the middle
part. The dorsal margin is semicircular, with a
narrow and crested lid whose pointed apex
reaches the base of the style. Over the greater
part of the lid the crest is preserved, being
slightly broader towards the apex, but not
reaching the top of the lid. The style is short,
thick, ventrally positioned, often absent. The
stalk is small but usually conspicuous, cuneate
in cross-section, inserted laterally towards the
base. The sides are flat or slightly sunken,
with an inconspicuous central depression.
There is sometimes a small, rolled thickening
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along the lid which terminates in a nipple at
the base. The walls are fairly thin to stout.
The surface is fairly smooth, but sometimes
slightly rugose, light-brown and mat; under
greater enlargement it is inconspicuously
celled.

Comparison. The type collection endocarps
from the Middle Pliocene flora of Daumantay
in Lithuania vary in shape, and on average
they are smaller, but one can find among them
specimens completely identical to those de-
scribed above (Pl. 1, fig. 14). Dorofeev, the
author of the species, included it in the P o0b-
tusifolius group but we disagree: P. squamatus
has no feature in common with P. obtusifolius
Mert. et Koch. There are some similarities be-
tween P. squamatus and the Ukrainian P. sar-
maticus Maemets (Dorofeev 1986, Fig. 55, 57—
58), although its relationship with other con-
temporary Potamogeton species is unclear.

Potamogeton cf. aculeatus Dorof.
Pl 1, figs 15-20

1986 Potamogeton aculeatus Dorof., Dorofeev; p. 90,
92, Fig. 46, 3-16.

Material. coll. KRAM-P no 15/RW/ 4b, 40a:
5 endocarps.

Description and comparison. The lengths
of the three entire endocarps are 2.5, 2.6, 2.7
mm respectively and one endocarp without a
lid is 2.3 mm long. In size they completely
agree with the specimens of the type collection
from the Middle Pliocene flora in Daumantay,
Lithuania (Pl. 1, fig. 20). Moreover, the endo-
carps described are similar in several features
to the P. aculeatus type. These characters are:
the flattened shape, lid structure, presence of
some short or long processes on the lid surface
and at the sides along the dorsal margin, lack
of a shoulder, the presence of a deep and ar-
ched furrow (nearly a cavity) on the sides and
other less important ones. But the shape of the
ventral margin differs significantly from that
of P. aculeatus: the type endocarps have a
slightly convex ventral margin with a spine or
bulge in the middle part, but the endocarps of
Mizerna have a ventral margin with a strongly
pointed lower part and a narrow upper part
which protrudes forward. The studied endo-
carps are not numerous and are partially de-
formed, so the above mentioned differences
could be caused by fossilization or erosion. The
endocarps are characteristic to the extent that

they cannot be confused with those of any
other Potamogeton spp. group. It is most likely
that P. aculeatus occurs in the flora of Mizer-
na, because the other species from the same
group (P. antiquus Dorof. and P. grisczenkoi
Dorof.) differ considerably greater from those
described above.

Potamogeton peregrinus Dorof.
Pl 1, figs 21, 22; PL. 2, figs 1-4

1986 Potamogeton peregrinus Dorof., Dorofeev; p. 53—
55, Fig. 23, 1-12

Material. Coll. KRAM-P no 15/RW/ 1d, 4a,
52b, 58b—64c: 76 endocarps.

Description. The endocarps are medium
sized, 2.2-2.5 x 1.8-2.2 mm, oval and flat. The
ventral margin is unevenly sigmoid, rounded
at the edge, sometimes with a mesocarpal ex-
crescence originating from the central depress-
ion. The dorsal margin is uniformly convex,
cordate to semicircular in shape. The lid is
broad, keeled, with a small, plate-like crest.
The pointed top of the lid reaches the base of
the centrally positioned, small and thick style
that is seldom preserved. The stalk is very
small, often absent. The sides are flat or
slightly sunken, with large cavity in the
middle. The dorsal margin is rolled with a
prominent wart at the base. The surface is
smooth, fine-celled, mat and grey-brown. The
walls are moderately thick.

Comparison. The endocarps of the type col-
lection from the Upper Pliocene flora of Lipet-
ska area are very variable in size and shape,
but many of them very closely resemble those
described. The endocarps of Mizerna differ in
having more uniform size and shape, a thinner
and more fragile style, a somewhat inconspicu-
ous stalk and a smaller lid crest. The other re-
lated species from this group: P rossicus
Dorof., P. lepidus Dorof. and P. mendymensis
Dorof. are similar in endocarp pattern to those
described above but differ considerably in size
and shape, wall thickness and perforation and
slightly in other less important features.

Potamogeton compressoides Dorof.
Pl 2, figs 5-9

1986 Potamogeton compressoides Dorof., Dorofeev;
p- 84, Fig. 41, 1-10

Material. Coll. KRAM-P no 15/RW/ 7a, 23c,
30a-74: 26 endocarps.



Description. The endocarps are large, 2.3—
2.9 x 1.5-2.3 mm, obovate or nearly semicircu-
lar, inflated and thick. The ventral margin is
slightly inclined in the upper part, only rarely
is it convex. The lower part of the ventral mar-
gin is straight or somewhat folded, sometimes
with a ventral bulge. The lid is keeled, with
remnants of a plate-like or fringed crest. The
top of the lid reaches the base of the style,
sometimes leaving a very short shoulder. The
style is prickly, centrally positioned or some-
times somewhat ventrally displaced. The stalk
is very small, inconscpicuous, situated lat-
erally and obliquely inserted at the base. The
sides are convex or slightly flattened with a
small cavity opening at the ventral margin
above the ventral spine. Some of the endo-
carps, probably slightly immature, are flatters,
thin-walled, with a large central depression.

Comparison. The endocarps studied agree
completely in their size, shape and other de-
tails with the endocarps of the type collection
from the Upper Pliocene flora of the Ranino
Tambovskaya area in Russia (Dorofeev 1986).
The endocarps of the contemporary species P.
compressus L., for example from the Eemian
flora of Nizhnaya Boyarshchina from the west
of the Smolensk area in Russia, are larger,
longer, with a pointed base and distinct stalk
and they are furnished with a crispate lid
crest, thick style and large, arched central de-
pression (Pl. 2, figs. 10, 11).

Potamogeton pseudoacutifolius Dorof.
Pl. 2, figs 12-15

1986 Potamogeton pseudoacutifolius Dorof., Dorofeev;
p. 88, Fig. 45, 11-18

Material. Coll. KRAM-P no 15/RW/ 4c¢, 21c,
22d, 54, 57a, 66b: 16 endocarps.

Description. The endocarps are fairly
large, 2.0-2.7 x 1.6-2.2 mm, obovoid and
thick-walled. The ventral margin is convex,
sometimes almost keeled, with a large spine in
the middle or slightly below, folded at the
edge. The lid is broad, keeled, with a crispate
or plate-like crest and sometimes tubercles
and fringes are also visible. The top of the lid
usually reaches the base of the style, rarely
leaving a small shoulder. The style is prickly,
centrally or ventrally positioned, but more
often absent. The the stalk is tiny and some-
what inconspicuous. The sides are inflated,
convex, with a large central depression open-
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ing into a mouth at the dorsal margin above a
bulge; sometimes tubercles can be seen along
the ventral margin. The walls are thick and
their surface is uniformly rough and dark to
light brown.

Comparison. The type collection endocarps
from the Middle Pliocene flora of Kholmech,
Belarus, agree with ours for the most part, but
they have more tubercles on the sides, a larger
ventral bulge, a more distinct stalk and a cris-
pate lid crest. The endocarps of P. acutifolius
Link from the Middle Pleistocene flora of
Minichi, Belarus, are larger, furnished with a
prominent crispate lid crest, slightly convex
ventral margin and inflated sides (Pl. 2, figs
16, 17). The more recent endocarps of P. acuti-
folius Link are fairly large, shorter and wider
than the fossil ones, having a slightly crispate
lid crest and nearly smooth sides, without a
central depression.

Potamogeton cf. pliocenicus Dorof.
Pl 2, fig. 19

1966 Potamogeton pliocenicus Dorof., Dorofeev; p. 48,
PL 1, Figs. 21-24, designat. typi omissa

1986 Potamogeton pliocenicus Dorof., Dorofeev; p. 53,
Fig. 24, 12-16

Material. Coll. KRAM-P no 15/RW/ 40b: 20
endocarps.

Description. The endocarps are medium
sized, 2.1-2.4 x 1.6-1.8 mm, flat, thin-walled,
poorly preserved. The ventral margin is slight-
ly convex or sigmoid, folded and acute at the
edge. The stalk is small or completly absent.
The dorsal margin is somewhat arched and
the lid is broad, keeled, often with a short,
plate-like crest. The top of the lid does not
reach the style base, leaving a small, some-
what raised shoulder. The style is usually
broken with its base ventrally positioned. The
sides are flat or sunken, they are thickened
and protrude at the edge, and they have a
broad central depression or cavity. The surface
is rough, sometimes bearing remnants of the
mesocarp, mat and dark brown.

Comparison: Many extinct, predominantly
the Pliocene species of Potamogeton, separated
by Dorofeev into the Perfoliatus group have
similar endocarps. There is an evident resem-
blance between this group and our studied en-
docarps and, additionally some specific fea-
tures (size and shape, wall thickness, lack of
spines or tubercles) which allow us to include
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them in the Middle Pliocene species P. plio-
cenicus Dorof. which was widely distributed in
the south of the Ukraine and Russia.

Potamogeton cf. heterocarpus Dorof.
Pl 2, figs 20, 21; PL. 3, fig. 1

1986 Potamogeton heterocarpus Dorof., Dorofeev; p.
53, Fig. 25, 1-10

Material. Coll. KRAM-P no 15/RW/ 3c, 8c,
9b, 10c-26¢, 36¢c: 27 endocarps.

Description. The endocarps are medium
sized, 2.2-2.6 x 1.6-2.0 mm, obovate or nearly
obovoid, flat. The ventral margin is convex in
the middle or only in the upper part, folded at
the edge, sometimes furnished with a small
spine below the middle. The lid is smooth,
keeled, sometimes with a small, irregular
crest. The shoulder is very inconspicuous or
absent. The style and stalk are not preserved.
The sides are thickened, with a shallow cen-
tral depression.

Comparison. The endocarps of the P. he-
terocarpus type collection from the Middle
Pliocene flora of Belarus are similar in size
and shape to ours but differ from them in hav-
ing thinner walls, a better developed central
depression and preserved style. The authors
are unable to give a more precise specific
identification of the Mizerna endocarps.

Potamogeton natans L.
PL 3, figs 2-4

Material. Coll. KRAM-P no 15/RW/ 22c,
23b, 24a, 26d, 56, 65, 69: 38 endocarps.

Description. The endocarps are medium
sized, 2.0-2.4 x 1.1-1.8 mm, obovate, mainly
elongate. The ventral margin is slightly con-
vex, somewhat folded in the lower part,
rounded at the base and lacking any processes.
The lid is smooth, keeled, furnished in the
upper part with a crest which falls short of the
top of the lid. The shoulder is raised, small but
conspicuous. The style is ventrally positioned,
rarely preserved, the stalk inconspicuous. The
sides are slightly convex, with a small but
sometimes deep, arched central depression.

Comparison. The contemporary and Pleis-
tocene endocarps of this species are larger,
with more convex sides and a crested keel, but
among numerically large collections one can
find endocarps that completely agree with
those described above (Pl. 3, figs 3, 4).

Potamogeton perfoliatus L.
Pl 3, figs 5-7

Material. Coll. KRAM-P no 15/RW/ 6a, 24e,
d, 62b: 11 endocarps.

Description. The endocarps are 2.4-2.5 x
1.7-2.0 mm, obovate and bent in the long axis.
The ventral margin is slightly sigmoid, keeled
or sometimes rounded. The lid is furnished
with a smooth or spiny keel, the top of the lid
reaching the base of the style. The ventrally
positioned style has a broad base. The sides
are thickened and have a small, shallow cen-
tral cavity, sometimes only an arched, incon-
spicuous hollow. The walls are thick.

Comparison: The contemporary and Pleis-
tocene endocarps of this species are very vari-
able in their basic diagnostic features, closely
resembling P. natans but differing from it in
possessing thick sides, a nearly smooth lid and
in the lack of a shoulder.

Potamogeton praelongus Wulf.
Pl 3, figs 8, 9

Material. Coll. KRAM-P no 15/RW/ 57b: 1
endocarp.

Description. The endocarp is 3.1 x 2.3 mm,
obovate and thick. The ventral margin is sig-
moid and folded at the edge. The lid is large,
keeled, with an entire-edged and plate-like
crest that does not reach the top of the lid. The
shoulder is very small and raised. The style
and the stalk are not preserved. The sides are
slightly convex, with a small, arched central
depression opening into a mouth on the ven-
tral side. The surface is finely pitted, dark
brown and mat.

Comparison. Contemporary endocarps are
larger, more inflated usually with convex sides
and without a distinct central depression. In-
terglacial flora collections do include P. prae-
longus endocarps that vary in size and shape
but, provided the collection is large enough,
(for example from the Middle Pleistocene flora
of Minichi, south-western Belarus) one can
find endocarps that completely agree with our
single specimen studied (Pl. 3, fig. 9). It is also
possible that this specimen belongs to an ex-
tinct form of P. praelongus but it is impossible
to be sure on the basis of a single specimen.



Potamogeton trichoides Cham. et Schicht.
PlL 3, figs 10, 11

Material. Coll. KRAM-P no 15/RW/ 49c:
1 endocarp.

Description. The endocarp is 1.8 x 1.5 mm,
semicircular. The ventral margin is convex in
the upper part, straight below and furnished
with a ventral spine. The lid is slightly tuber-
cular, flattened, with the top that reaching the
base of the style. The style is centrally posi-
tioned, thin, with a thickened stigma. The
stalk is absent. The sides are slightly convex,
with a large shallow central depression. The
walls are thick.

Comparison. The endocarps of this species
differ from those of the type collection (Pl 3,
fig. 11) which are wider and possess sunken
sides. However, the observed differences fall
within the range of infraspecific variability.

Potamogeton ex gr. natans L.
Pl 3, figs 12-16

Material. Coll. KRAM-P no 15/RW/ 5b, 6b,
10d: 7 endocarps.

Description. The narrow endocarps are
2.2-2.5 mm in length, deformed and curved.
The ventral margin is slightly curved and
rounded at the edge. The lid is keeled, rarely
furnished with a crest and its top reaches the
base of the style. The apex is pointed, the style
thick and broken. The stalk is small but dis-
tinct. The sides are thickened, with a broad
and shallow central depression possessing a
small, arched cavity at its base.

Comparison. These endocarps closely re-
semble P. natans L. and P. perfoliatus L. in
size and shape. Similar endocarps were de-
scribed by Dorofeev (1986, Fig. 18; 3, 11, 12)
under the name P. pseudonatans Dorof., an ex-
tinct species from the Middle Pliocene of the
Lipetskaya area in Russia. On the basis of his
description and photographs it can be seen
that those endocarps are larger with convex
sides and cavities and the results of any com-
parision between these and our few poorly
preserved endocarps should be made with
some reservation.

Potamogeton cf. rutilus Wolfg.
Pl 3, figs 17-19

Material: coll. KRAM-P no 15/RW/ 47¢c, 52c,
58¢, 64d: 58 endocarps.
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Description. The endocarps are small, 1.8—
2.2 x 1.2 x 1.6 mm, semicircular, elongate and
inflated. The ventral margin is slightly convex,
especially in the upper part, rounded at the
edge and terminates the base in a prominent
spiky stalk. The dorsal area is uniformly con-
vex, with a low and slightly keeled or rounded
lid whose top reaches the style base, some-
times leaving a tiny shoulder. The style is a
slender, fairly long, somewhat ventrally posi-
tioned. The sides are convex, without a central
depression. The walls are thick. The surface is
smooth, mat, brown or almost black.

Comparison. The contemporary and Neo-
pleistocene endocarps of P. rutilus Wolfg. are
similar in size and shape to our studied ones
but differ by being slightly smaller, narrower
with a nearly straight ventral margin and a
pointed or blunt apex and base. The endocarps
of the extinct species of P. palaeorutilus Dorof.
and P. pseudorutilus Dorof. are also smaller
and wider and have differently shaped styles
and the stalks.

Potamogeton ex gr. friesii Rupr.
Pl 3, figs 20-22

Material. Coll. KRAM-P no 15/RW/ 52d,
60b: 19 endocarps.

Description. The endocarps are small, 1.6—
1.9 x 1.2-1.5 mm, obovoid or obovate, inflated.
The ventral margin is convex, involute at the
base, rounded at the edge. The dorsal side is
convex, with a broad and slightly keeled lid
whose top does not reach the base of the style,
leaving a small and inconspicuous shoulder. The
style is short, pointed and ventrally positioned,
vertical or inclined towards the dorsal margin.
The stalk is short and prickled. The sides are
convex, smooth or with a tiny circular or arched
central depression. The walls are thick. The sur-
face is smooth, mat and grey-brown.

Comparison. Dorofeev referred most of the
features distinguished to the extinct Neopleis-
tocene species P. pseudofriesii Dorof. There are
reasons to believe that in the flora of Mizerna
some similar extinct species from that group
existed which only approximately resemble
contemporary P. friesii Rupr.

Potamogeton panormitanoides Dorof.
Pl. 3, figs 23-25

1986 Potamogeton panormitanoides Dorof., Dorofeev;
p. 107, Fig. 54, 2-8
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Material. Coll. KRAM-P no 15/RW/ 59, 60a:
2 endocarps.

Description and comparison. The only two
endocarps are 1.4 X 1.1 mm and 1.3 x 1.0 mm.
To separate them from other species, a combi-
nation of features has to be taken into account:
small size, the ventral margin that is convex
in the upper part, the smooth lid with the top
reaching the base of the style, the very small
style and the stalk and slightly convex sides.
The endocarps of an extinct Middle Pleistocene
species from the Byelovezha (Ferdynandéw in
Poland) interglacial flora of Motol in western
Belarus, are very similar to those described
above. The endocarps of the contemporary P.
panormitanus Biv.-Bern. (Finland, Aalto 1970)
are comparable to ours in size but differ in
their narrow, wedge-like base, more dorsally
positioned style and small shoulder.

P. panormitanoides Dorof. was a charac-
teristic species of the interglacial floras of the
East-European Plain where a large number of
endocarps have been found. The presence of
two separate but very characteristic endocarps
of P. panormitanoides in the flora of Mizerna
considerably increases its stratigraphical
range from the Middle Pliocene to the early
Middle Pleistocene.

Potamogeton cf. coloratus Hornem.
Pl 3, figs 26-28

Material. Coll. KRAM-P no 15/RW/ 11, 55b:
13 endocarps.

Description. The endocarps are small, 1.1-
1.3 x 0.8-1.0 mm, obovoid or obovate, flat,
without style and stalk. The ventral margin is
slightly convex, slightly folded in the lower
part. The lid is narrow, keeled, with its top
reaching the base of the style or it leaving a
tiny shoulder. The sides are flat or slightly
convex, with a central cavity and shallow fur-
row along the lid. The surface is coal-black,
mat. The walls are rather thick.

Comparison. Contemporary endocarps are
larger, with a distinct style and stalk but in
general they agree with those described above.
The endocarps of the far-eastern P. juzepczukii
Tzvel. (Dorofeev 1986, Fig. 55; 50-52) are
similar to ours but differ in their more spheri-
cal shape, stout style and crested lid. The en-
docarps of the contemporary P. polygonifolius
Pourr. are considerably larger, thicker and fur-
nished with a shorter and wider lid bearing a

small central depression or cavity (Aalto 1970,
Figs. 71-72, Dorofeev 1986, Fig. 55, 53-56).
The extinct species P. coloratoides Dorof. and
P. parvulus Dorof. from the Upper Pliocene of
Belarus are also similar in size and shape to
the above, but differ from them by being more
circular in shape, having thinner walls, a large
cavity and the other slightly different features
clearly visible on several endocarps from the
type collections.

CONCLUSIONS

Our revision of Potamogeton has yielded
much new data which cannot be related to Ma-
dalski’s previously published results (Szafer
1954). The species representation given by
him from a few complexes (fossil assemblages)
at Mizerna was almost completely false (op.cit.
table 20). After our revision we realized that
some of the collection sets named by Madalski,
and kept at the Museum, consisted of quite
different species, sometimes even from differ-
ent groups. Some sets, bearing the name of
one species, were in fact composite. For
example, in the P. trichoides set, the senior
author recognized 3 completely different
species, none of which was P. trichoides. On
the basis of our present investigations only 5
species, all misidentified, have been confirmed
among the 16 determined by Madalski.

Results from the 1979 Mizerna Nowa geologi-
cal boring were disappointing. Only 13 single
endocarps of Potamogeton belonging to P. obtu-
satus, P. squamatus, P. heterocarpus, P. cf. pusil-
lus and Potamogeton spp. were found in 6 out
of 53 samples. Hence detailed stratigraphical
investigations based on correlation with se-
dimentary sequences have not been possible.

By comparing the Potamogeton species of
Mizerna with both extinct and contemporary
species we can conclude that the Mizerna ma-
terial separates, by age, into 3 species groups :

1. The oldest group comprises P. tataricus,
P. obtusatus, P. squamatus and P. aculeatus.
These are characteristic of the Middle Pliocene
of Lithuania, Belarus and areas in western
and central Russia. The total number of endo-
carps from this group, excluding P. aculeatus,
is the greatest in the entire Mizerna collection.
There are frequently 100 or more per sample.
One may assume that this abundance is the
result of the original laying down of the pri-



mary fossil flora assemblies which occured in
the the Middle Pliocene.

2. The second group contains species de-
scribed from the Middle and Upper Pliocene
deposits of Belarus, Ukraine and Russia,
namely: P. peregrinus, P. compressoides, P.
pseudoacutifolius, P. panormitanoides, P. cf.
pliocenicus and P. cf. heterocarpus. These ex-
tinct Upper Pliocene species have some rela-
tionships with contemporary ones, but each
has its own specific characters. Endocarps of
this group were not numerous at Mizerna, but
they were observed in samples where endo-
carps of the first group were dominant.

3. The third and most recent group consists
of endocarps of contemporary species, or
species closely related to them. Often these
species were described on the basis of single
endocarps, so it has not been possible to deter-
mine them with certainty. In spite of this we
have been able to identify the following con-
temporary species: P. natans, P. perfoliatus, P.
prelongus and P. trichoides. Other species in
this group, whose endocarps have been found,
are described using modern names bearing
some form of annotation such as cf.or ex gr.
These species differ in some way, not only from
the contemporary ones which they not re-
semble, but also from these of interglacial flo-
ras. The species concerned are: P. ex gr. na-
tans, P. cf. coloratus, P. cf. rutilus and P. ex gr.
friesi. They all belong to a group with small
sized fruits which are taxonomically trouble-
some, even in contemporary floras. The slight
morphological differences found in the fossil
endocarps, excluding erosion, may point to in-
complete species differentiation.

If we assume that, even in the oldest inter-
glacial floras, the endocarps of properly de-
scribed species were fairly similar to these of
contemporary ones, we can conclude that the
differentiation of the youngest complexes of
the Mizerna (III/IV, IV, Szafer 1954) must
have been completed at the Pliocene/Eopleis-
tocene boundary or by the very beginning of
the Eopleistocene.
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STRESZCZENIE

Kopalne gatunki rodzaju Potamogeton w Mizernej

Dokonano rewizji taksonomicznej rodzaju Pota-
mogeton na podstawie endokarpéw z flory pliocerisko-
plejstoceniskiej Mizernej (Zachodnie Karpaty, Szafer
1954) pochodzacej z materialéw zbieranych w latach
1949, 1960-62 i 1979. Oznaczono 18 gatunkéw spoéréd
ktérych 10 nalezy do wymarlych. Wyrézniono 13 ga-
tunkéw dotad nie notowanych we florze Mizernej: P.
panormitanoides Dorof., P. aculeatus Dorof., P. natans
L., P. peregrinus Dorof., P. obtusatus Dorof., P. pseu-
doacutifolius Dorof., P. compressoides Dorof., P. squa-
matus Dorof., P. tataricus Dorof., P. c¢f. heterocarpus
Dorof., P. cf. pliocenicus Dorof., P. rutilus Wolfg. i P. ex
gr. friesii Rupr. Wyr6zniono 3 grupy gatunkéw: srodko-
wo-plioceniskie, gérno-plioceriskie i nawigzujace do
wspélczesnych. Nie udalo sie¢ skorelowaé oznaczonych
gatunkéw z wydzieleniami stratygraficznymi ani w
starszych ani w nowszym, pochodzacym z 1979 r. ma-
teriale.
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Plate 1

1-4. Potamogeton tataricus Dorof., endocarps, x 45
1. Mizerna 52a, KRAM-P no 15/RW/52a/F1/5234
2. Mizerna 52a, KRAM-P no 15/RW/52a/ F2/5235
3. Mizerna 52a, KRAM-P no 15/RW/52a/ F3/5236
4. Tataria, no F4/5237

5-9. Potamogeton obtusatus Dorof., endocarps, x 45
5. Mizerna 8a, KRAM-P no 15/RW/8a/F18/5242
6. Mizerna 8a, KRAM-P no 15/RW/8a/F19/5243
7. Mizerna 8a, KRAM-P no 15/RW/8a/F20/5245
8. Kholmech, no F21/5233
9. Kholmech, no F22/5244

10-11. Potamogeton obtusifolius Mert. et Koch, endocarp
10. Minichi 1/14, no F23/5232, x 45
11. the same, fragment of lid spine, no F23/5231, x 400

12-14. Potamogeton squamatus Dorof., endocarps, x 45
12. Mizerna 10a, KRAM-P no 15/RW/10a/F9/5247
13. Mizerna 10a, KRAM-P no 15/RW/10a/F11/5249
14. Daumantay, no F12/5248

15-19. Potamogeton cf. aculeatus Dorof., endocarps
15. Mizerna 4b, KRAM-P no 15/RW/4b/F13, x 15
16. Mizerna 4b, KRAM-P no 15/RW/4b/F14, x15
17. the same, fragment of base with tubercles and lid nipple, KRAM-P no 15/RW/4b/F14/5278, x 150
18. the same, fragment of crested lid, KRAM-P no 15/RW/4b/F14/5277, x 100
19. the same, mouth of central depression, KRAM-P no 15/RW/4b/F14/5279, x 150

20. Potamogeton aculeatus Dorof., endocarp, Daumantay, no F15, x 15

21, 22. Potamogeton peregrinus Dorof., endocarps, x 45
21. Mizerna 52b, KRAM-P no 15/RW/52b/F6/5240
22. Mizerna 52b, KRAM-P no 15/RW/52b/F5/5241

Figures 15, 16 and 20 reflected light micrographs, all other figures SEM.
Scale bar equals: 1 mm (figs 1-10, 12-14, 21, 22); 0.1 mm (fig 11), 0.45 mm (fig. 18); 0.3 mm (figs 17, 19)

Phot. Z. Petri and A. Pachonski
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Plate 2

1-4. Potamogeton peregrinus Dorof., endocarps
1. Mizerna 64c, KRAM-P no 15/RW/64c¢/F7/5238, x 45
2. Lipetskaya area, type, no F /5239, x 45
3. the same, fragment of plate-like lid, no F /5274, x 250
4. the same, fragment of fine-celled surface, no F /5272, x 400

5-9. Potamogeton compressoides Dorof., endocarps, x 45
5. Mizerna 30a, KRAM-P no 15/RW/30a/F25/5210
6. the same, fragment of crested top of lid. Inner part of lid is clearly visible.
KRAM-P no 15/RW/30a/F25/5209, x 400
7. Mizerna 30a, KRAM-P no 15/RW/30a/F26/5212
8. Mizerna 53a, KRAM-P no 15/RW/53a/F24/5215
9. Ranino, no F27/5216

10-11. Potamogeton compressus L., endocarp
10. Nizhnyaya Boyarshchina 2/17, no F28/5214, x 45
11. the same, fragment of side with distinct remains of mesocarp and fringed crest of lid,
no F28/5213, x 100

12-15. Potamogeton pseudoacutifolius Dorof., endocarps, x 45
12. Mizerna 4¢, KRAM-P no 15/RW/4¢/F29/5211
13. Mizerna 22d, KRAM-P no 15/RW/22d/F30/ 5222
14. Mizerna 54, KRAM-P no 15/RW/54/F31/5223
15. Kholmech, no F32 /5228

16-17. Potamogeton acutifolius Link., endocarp
16. Minichi 1/16, no F33/5226
17. the same, fragment of lateral side with poorly developed central depression and crispate lid,
no F33/5227, x 100

18-19. Potamogeton cf. pliocenicus Dorof., endocarps, x 15
18. Mizerna 40b, KRAM-P no 15/RW/40b/F16
19. Mizerna 40b, KRAM-P no 15/RW/40b/F17

20-21. Potamogeton heterocarpus Dorof., endocarps, x 15
20. Mizerna 22¢, KRAM-P no 15/RW/22¢/F46
21. Mizerna 22¢, KRAM-P no 15/RW/22¢/F45

Figures 18-21 reflected light micrographs, all other figures SEM.
Scale bar equals: 1 mm (figs 1, 2, 5, 7-10, 12, 13-17); 0.18 mm (fig. 3); 0.1 mm (figs 4, 6) and 0.45 mm (figs 11, 18).

Phot. Z. Petri and A. Pachonski
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Plate 3

1. Potamogeton heterocarpus Dorof., endocarp, Lida, no F47, x 15

2-4. Potamogeton natans L., endocarps, x 45
2. Mizerna 22¢, KRAM-P no 15/RW/22¢/F38/5230
3. Minichi 24a, no F39/5224
4. Nizhnyaya Boyarshchina, no F40/5225

5-7. Potamogeton perfoliatus L., endocarps, x 15
5. Mizerna 6a, KRAM-P no 15/RW/6a/F43/
6. the same, fragment of surface with exocarp preserved, KRAM-P no 15/RW/6a/F43/5293
7. Mizerna 6a, KRAM-P no 15/RW/6a/F44

8, 9. Potamogeton praelongus Wulf., endocarps
8. Mizerna 57b, KRAM-P no 15/RW/57b/F36/5286, x 45
9. Minichi, no F37, x 15

10, 11. Potamogeton trichoides Cham. et Schlecht., endocarps, x 15
10. Mizerna 49¢, KRAM-P no 15/RW/49¢/F34
11. Verkhove-1, no F35

12-16. Potamogeton ex gr. natans L., endocarps

12. Mizerna 10d, KRAM-P no 15/RW/10d/F41/5229, x 45

13. Mizerna 10d, KRAM-P no 15/RW/10d/F42/5289, endocarp with seed, x 45

14. the same, lid broken open showing fragment of seed tegmen inside,
KRAM-P no 15/RW/10d/F42/5291, x 100

15. the same, enlarged, the reticulate tegmen surface is clearly visible,
KRAM-P no 15/RW/10d/F42/5292, x 250

16. the same, fragment of tegmen surface with thickened walls of elongate cells,
KRAM-P no 15/RW/10d/F42/5290, x 1500

17-19. Potamogeton rutilus Wolfg., endocarps, x 15
17. Mizerna 64d, KRAM-P no 15/RW/64d/F53
18. Mizerna 64d, KRAM-P no 15/RW/64d/F52
19. Mizerna 64d, KRAM-P no 15/RW/64d/F51

20-22. Potamogeton ex gr. friesii Rupr., endocarps, x 15
20. Mizerna 52d, KRAM-P no 15/RW/52d/F48
21. Mizerna 52d, KRAM-P no 15/RW/52d/F49
22. Mizerna 52d, KRAM-P no 15/RW/52d/F50

23-25. Potamogeton panormitanoides Dorof., endocarps, x 15
23. Mizerna 59, KRAM-P no 15/RW/59/F58
24. Mizerna 15/133, KRAM-P no 15/RW/15/133/F59
25. Motol, no F60

26-28. Potamogeton coloratus Hornem., endocarps, x 15
26. Mizerna 11, KRAM-P no 15/RW/11/F56
27. Mizerna 11, KRAM-P no 15/RW/11/F54
28. Mizerna 11, KRAM-P no 15/RW/11/F55

29. Potamogeton coloratoides Dorof., endocarp, no F57, x 15

Figures 2-4, 6, 8, 12-16 SEM micrographs, figures 1, 5, 7, 9-11, 17-29 reflected light micrographs.
Scale bar equals: 1 mm (figs 2-4, 8, 12, 13); 0.18 mm (figs 6, 15); 0.45 mm (fig. 14) and 0.03 mm (fig. 16)

Phot. Z. Petri and A. Pachoriski
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