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Nelumbo protospeciosa SAPORTA 1891
from the Berane Basin (Lower Miocene)

DEsA DJORDIJEVIC MILUTINOVIC!, BRANKA STEVANOVIC? & GORAN CULAFIC?

Abstract. Berane Basin in Montenegro has been known for rich paleoflora of diverse geological ages. The
remains of paleovegetation of various ages were preserved by the lake occurring in this area from Late
Oligocene to Early Pliocene. Therefore, the shifts in vegetation during the Miocene period may be easily fol-
lowed by studying the paleofloras collected at the Berane Basin.

The first and only known remains of aquatic (floating) plants were collected in 1995 at the locality Rosulje
(Berane Basin) in the Early Miocene sediments. According to the morphoanatomical characteristics of leaves
such as shape of lamina, veins, venation, presence of central disk or position of petiola, the specimens were
identified as Nelumbo protospeciosa SAPp., a widely distributed form during the Tertiary of Eurasia.

No other plants or accompanying vegetation were recorded at the Rosulje site, so presence of Nelumbo pro-
tospeciosa was insufficient for determining the habitat, vegetation or climate during its existence. Therefore
the paleoenvironmental reconstruction also included analysis of the already published Early Miocene flora
from the locality Luge-Haremi (Berane Basin) and eco-climatic characteristics of recent Nelumbo species. At
last was concluded that Nelumbo, which had leaves at least 30 cm in diameter, used to inhabit open, well-inso-
lated sites, probably under the influence of the subtropical/Mediterranean-type climate.

Key words: Miocene, Nelumbo protospeciosa, Nelumbium, Indricotherium, Berane, paleoflora.

Ancrtpakr. bepancku 6acen y L{puoj T'opu Beh je o1 paHuje MO3HAT 1O HAJACKy BEIUKOI Opoja majieo-
(hmopa paznuuure crapoctr. Ha oBOoM mozmpydjy je o Kpaja oJHuroleHa 10 MovYeTka ITHOIeHa ITOCTOjallo je3e-
po 3axBasbyjyhu KoMe Cy ce cadyBalld OCTally ITaJeoBereTalnja pa3imuuTuX CTapocT. [Ipeko pazinniuTux
naneoguopa Haljenux y bepanckom OaceHy Jlako ce MOJKe ITPaTUTH CMEHA BereTalrja TOKoM MuolieHa. [onu-
He 1995., na nokanutery Pocyibe (bepanckn 6aceH) y CiiojeBUM JIOBET MUOLICHA, IPBU MYT Cy Hal)eHn ocranu
JIMCTOBA M KOPEHOBA aKBaTMYHUX — (uioTaHTHUX, Omsbaka. Ha ocHOBY MOpdoaHATOMCKHX KapaKTEepHUCTHKA
Hal)eHuX JINCTOBA, KAO IITO Cy: OOJIMK JINCHE TII0Ye, HepBaTypa, IPUCYCTBO LIEHTPAIHOT JHCKa, Ty)XHUHA, Opoj
U TpaHame NpUMapHUX HepaBa YTBp)EHO je 7a ce paaud O TepUHjapHOM JIOTOCY, TadHHje MOpP(OBPCTH
Nelumbo protospeciosa SAPORTA 1891, xoju je ox1 eorieHa 10 InoIeHa 010 MIUPOKO pacpocTpameH Y EBpo-
M ¥ jeTHOM Jienry Asmje.

[Mopen Nelumbo protospeciosa Ha 0BOM JIOKaIUTETy HUCY HaljeHe apyre Omibke HUTH npareha Bereranuja,
Tako Ja Hje Omio Moryhe caMo Ha OCHOBY (DOCHIIHMX OCTaraka HaljeHHX JI0TOCa 3aKJbYYUTH KaKBO je OWIIO
IbUXOBO CTaHMINTE, HUTH KakBa je OWiia Bereraldja Wi KIMMa TOKOM HBHXOBE €r3UCTEHIIH]e. 3aTo je 3a pe-
KOHCTPYKIIM]y CTaHMINTA y3€Ta y 003Up U aHaJH3a MPEeTXOAHO Beh myOnnkoBaHe JOH-OMHUOIICHCKE (rope ca
nokanurera Jlyre-Xapemu (bepancku 6aceH), Kao M pa3MaTpame eKO-KIMMAaTCKUX KapaKTepUCTHUKA PELCHT-
HUX BpcTa Nelumbo spp. Ha ocHOBY cBera oMeHyTOT 3aKJbY4€HO je Jia je osze onucanu Nelumbo protospe-
ciosa, 9Mju Cy JHUCTOBH JOCTH3alM HajMame 30 cm y NMpeYHuKy, HaceshaBao OTBOpEHa J00pO MHCOIMpaHa
MeCTa U J1a je BEpOBATHO JKMUBEO Y OKBUPY jE/IHE CYNTPOICKE/MEAUTEPAHCKE KITMME
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Introduction

The Berane Basin in Montenegro is widely known
for the large amount of fossil plants collected at the
site. More than 700 specimens of fossil plants of var-
ious ages (Early Miocene to Pliocene) have been col-
lected since mid-20th century (PANTIC, 1987; DJOR-
DIEVIC MILUTINOVIC & CULAFIC 2008, 2010).

The first studies started in 1930, when Nikola Mu-
ravjov, a professor at the Berane Gymnasium, collect-
ed around 400 fossil plant specimens from the locali-
ty Luge (Lower Miocene) and sent them to the
Natural History Museum in Belgrade, to the curator
Pavle Ivanovi¢ Cernjavski. Middle Miocene flora at
the locality Jasikovac was recorded in 1985 and pub-
lished by PaNTIC (1987), while the Upper Miocene
and Pliocene floras were collected in 1994 and 1995.
There are over 20 known sites with fossil plants, be-
longing to Lower (e.g. Luge, Haremi, Bunar T.J, Pet-
njk, Budimlja etc.), Middle (Jasikovac) and Upper
Miocene and Pliocene (e.g. Popovici, Maste).

As an addition to the existing collection of fossil
plants, remains of aquatic Nelumbo protospeciosa
were collected inside the lignite mine Rosulje at Bu-
dimlja (Berane Basin) in 1995 (Fig. 8; PL. 1). This is
the first record of genus Nelumbo in the Berane Basin
and in contrast to other plant fossils, which were
mostly preserved in marl, Nelumbo protospeciosa was
represented by compressions and impressions of
leaves and rhizomes in clay-based sediment.

Besides Nelumbo, no other plant remains were re-
corded at the site, although it must be noted that there
was no targeted excavation, as the site was under min-
ing works that could not be stopped or postponed.
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Therefore, these few Nelumbo leaves are all the record
from that clay-based layer.

Genus Nelumbo Adanson, commonly called lotus or
sacred lotus, is an aquatic perennial plant that can often
be found in fossil remains due to its solid bulky leaves.
The leaf is very characteristic and easy to recognize in
the fossil material. Its basic characteristics are: peltate
shape and centrally placed petiole, actinodromous vena-
tion, 19 to 25 radially distributed primary veins that are
dichotomously divided in their upper third, the presence
of the unbranched midvein and the presence of the cen-
tral disk at the point where the petiole enters the lamina
(centrally peltate leaf). If the existence of one or more of
these characteristics is determined in fossil remains, the
leaf is usually classified as Nelumbo.

Today, only the Nelumbo genus belongs to the Ne-
lumbonaceae family, with two species: N. lutea,
native to North America, and N. nucifera, native to
Asia. However, based on fossil findings, it has been
established that from Cretaceous to this day, besides
Nelumbo, there were also several other genera of the
Nelumbonaceae: Nelumbites, Exnelumbites, Paleone-
lumbo and Nelumbago, which were present in Europe,
Asia, North and South America (ESTRADA-RUIZ et al.,
2011; GANDOLFO et al., 2005; Li et al., 2014b), which
points to the fact that the former diversity of the
Nelumbonaceae family was far greater.

Material and methods

The Berane basin is elongated in shape, about 8 km
long and of variable width (maximum 5.5 km). The
Tertiary sediments presently cover the area of 28 km?

(Fig. 1). The southern and central
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parts of the basin are flattened,
with an altitude of about 670 m,
while toward east and northeast the
terrain is slightly undulating and
slowly rising to 750—830 m altitude.
The town of Berane is situated
almost in the central part of the Ba-
sin. The River Lim flows through
the middle of the Basin (see DJOR-
DIJEVIC MILUTINOVIC & CULAFIC’,
2010).

Geology and age

In 1995, as a result of an inves-
tigative section cut made for the
purpose of determining the coal
reserves and assessing the possibil-
ity of its surface exploitation, com-

pression/impression of Lower Mio-

Fig. 1 Nelumbo remains were found at the locality of Rosulje coal mine in village
Budimlja, the Berane Basin, Montenegro; N 42°51°40,70”, E 19°53°41,00”, Elev. 703 m.
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cene Nelumbo leaves and rhizomes
were found at the locality of Ro-
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Fig. 2. Geological formations of the Berane coal basin area and the location of the Rosulje coal mine (modified according to PAJOVIC,

2000; DIORDIEVIC MILUTINOVIC & CULAFIC, 2008).

sulje Budimlja N 42°51°40,70”; E 19°53°41,007;
Elev. 703 m. (Berane Basin, Montenegro). The mate-
rial was located in gray marly clay, about 2 meters
above the coal seam (Fig. 3). In its upper part, this
coal bed contains a thin layer of tuff corresponding to
the second stage (cycle) of the formation of peat-mud
sediments in the Berane coal basin, i.e. to the main
coal seam (DROBNJAK et al., 1998). It is in this coal
bed that the remains of Indricotherium sp. were dis-
covered, on which grounds the bed was established to
have been formed in Oligo—Miocene or Early Mio-
cene (PETRONIEVIC & THENIUS, 1958). The studied
paleoflora of the Rosulje locality is closest to the ref-
erence coal seam and therefore also the oldest in com-
parison to the previously described flora of the whole
Berane—Police coal basin.

In the Berane—Police Basin, the peat-mud sedi-
ments were formed during three cycles of sedimenta-
tion (Fig. 2). The first cycle included the northeastern
part of Berane Basin (the area of Budimlje) and result-
ed in formation of so-called underlying coal layer
(which most probably originated in late Oligocene).
The second cycle of sedimentation included the whole
area of Berane—Police Basin, resulting in formation of
so-called main coal layer (formed during the Lower
Miocene). The main coal layer has a complex struc-

ture as it includes several coal plates separated by bar-
ren sub-layers. The complete set of geological and
geographic data on Berane basin relevant for records
of paleoflora are presented in DJORDJEVIC MILUTI-
Novi¢ & CULAFIC (2010).

Fossil material

At the coal mine Rosulje there were about twenty
recorded fragments of overlapping leaves (compres-
sion and impression). The central part of the lamina,
with central plate typical for Nelumbo species, was
preserved in some of the fragments, but the majority
of the specimens include only the different peripheral
parts of lamina with primary or secondary veins.
Based on the comparison of different parts of fossil
leaves, it was possible to establish the main character-
istics of the leaf. Leaf cuticle was not preserved. In
addition to the leaves, rhizome and roots were also
found. This fossil material is deposited in the Natural
History Museum in Belgrade, in the Paleobotanical
collection NHMBEO 581: 957-967.

While the collected fossil material includes
imprints (compressions and impressions) of leaves,
rhizomes and roots, only the leaves were described as

Geol. an. Balk. poluos., 2018, 79 (2), 41-55.
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Fig. 3. Synthetic column of Miocene sediments of the Berane—Po-
lice Basin, with the position of the Rosulje paleoflora in relation
to the main coal bed and the position of other paleofloras (modi-
fied according to DIORDIEVIC MILUTINOVIC & CULAFIC, 2010).

only they have species specificus characteristics ne-
cessary for the identification of fossil species.

Recent material

Extant leaves of Nelumbo nucifera and Nelumbo
lutea were studied from herbarium materials and liv-
ing specimens. The fresh, fully developed leaves were
obtained from the ponds of Botanical Garden of the
University of Zagreb (Croatia) and Szeged Botanical
Garden (Hungary). The images of the lotus leaf for
morphological analysis were taken by the image scan-
ner including the whole lamina and some special parts
to indicate the leaf venation pattern.

Geol. an. Balk. poluos., 2018, 79 (2), 41-55.

For the anatomical analysis of the leaves the sam-
ples were fixed in FAA (for-malin-acetic acid:ethanol,
10:5:85), dehydrated in graded ethanol series and
embedded in paraffin wax at 58 °C. Sections (8 um
thick) were stained with haematoxylin and photo-
graphed under a Zeiss Axiovert microscope (Carl
Zeiss GmbH, Goéttingen, Germany).

Genus Nelumbo includes two species: N. nucifera
and N. lutea. As morphoanatomical structure of leaves
of both species is very similar, instead of repeated list-
ing of both species the expression species plurimae -
Nelumbo spp. was used throughout this paper as needed.

Results and discussion

Several species of Nelumbo/Nelumbium leaves
from Tertiary period were recorded in Europe: Nelum-
bium buchii ETT.; Nelumbium nymphaeoides ETT.;
Nelumbium casparianum HEER; Nelumbium provin-
ciale SAp.; Nelumbium protospeciosum SAP.; Nelum-
bo hungarica TuzsoN; Nelumbium weylandii DOTZ-
LER. Two species we were not taken into considera-
tion: Nelumbium ettingshausenii SIEBER 1890, which
was subsequently found to be pseudofossil (NEMEIC,
1975), and Nelumbium lignitum SCHAFF, mentioned
by HEER (1859), for which the authors were unable to
find any other data.

Of the above-mentioned species, Nelumbo from
Berane are most similar to N. protospeciosa SAP.
(SAPORTA, 1891) and N. hungarica TuzsoN (TUZSON,
1911), especially on the basis of the similar leaf shape,
number of veins and type of venation. All of these
characteristics are more or less common for both
species, but as Tuzson specifically stated that exis-
tence of midvein is a species-specific characteristic of
Nelumbo hungarica, the authors decided to determine
the fossil records from Rosulje as N. protospeciosa, as
presence of midvein was not definitively determined
in material from Berane.

The other species of fossil Nelumbo do not match
the imprints from Berane, as they have certain charac-
teristics not recorded in our material: Nelumbium bu-
chii ETT. had a pinnate midvein and primary veins that
were not clearly dichotomously branched (ETTING-
SHAUSEN, 1855); Nelumbium nymphaeoides ETT. had
a deeply indented lamina similar to Nyphaeaceae
(ETTINGSHAUSEN, 1855); Nelumbium casparianum
HEER lacked clearly defined characteristics that could
be used for identification (HEER, 1859); Nelumbium
provinciale Sap. lacked the pronounced dichotomy of
primary veins (SAPORTA, 1890a); Nelumbium weylan-
dii DOTzLER was defined according to veins that
formed loops near the edge of the leaf margin
(DOTZLER, 1938) — the material from Berane does not
include the part of leaf with margins.

Regarding all above criteria during the identifica-
tion process it was not difficult to establish that fossil
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Fig. 4. Distribution of Nelumbo lutea and Nelumbo nucifera (modified according to SNIGIREVSKAYA, 1964).

material belonged to Nelumbo protospeciosa Sap.,
due to the typical characteristics of this species: cen-
trally peltate leaf, completely orbicular lamina, radial
(actinodromous) venation and approximately 20
dichotomously branched veins (SAPORTA, 1891).

Extant genus Nelumbo ApANS 1763
Taxonomy

Genus Nelumbo belongs to the monogeneric fami-
ly Nelumbonaceae, which, according to the modern
phylogenetic classification of angiosperm (APG III
2009), belongs to the clade of eudicots, order Pro-
teales.
Ordo: Proteales JUSSIEU ex BERCHTOLD & J. PRESL
1820
Familia: Nelumbonaceae DUMORTIER 1828
Genus: Nelumbo ADANSON 1763 syn. Nelumbium

Jussieu 1789

Nelumbo nucifera GAERTNER 1788
Nelumbo Iutea WILLDENOW 1799

Genus Nelumbo includes two species: N. nucifera
GAERTNER, which is naturally distributed in moderate-
ly warm to tropical regions of Asia and northeastern
Australia, and N. [utea WILLDENOW, native to North
America, all the way to Mexico and the Caribbean. In
addition to these well-known scientific names, nume-

rous synonyms have been used for both species. For
example, synonyms for N. lutea are: Nelumbium
luteum WILLD., Nelumbium pentapetalum WALT. and
Nelumbo pentapetalum, while N. nucifera is also
referred to as N. speciosum WILLD. or Nymphaea
nelumbo.

Recent species N. lutea and N. nucifera are very
similar to each other and there are no major differ-
ences between them. The main difference is observed
in the colour of the flowers: in V. lutea the flowers are
yellowish-creamy, while in N. nucifera they can be
white, pale, pinkish to pale or distinctly pink. Some
authors believe that they should not be divided into
two species, and that they are actually two sub-spe-
cies: Nelumbo nucifera ssp. nucifera and Nelumbo
nucifera ssp. lutea (Guo et al., 2007).

Description of the leaves of recent
Nelumbo spp.

Extant species of the Nelumbo have floating and
emergent leaves (Fig. 5). Both develop from rhizo-
mes. The lamina of the young leaves is small, incom-
plete and laterally rolled up (Fig. 5SA). Young leaves
are shaped this way to allow easier penetration from
the rhizomes to the surface, regardless of whether they
grow in deeper waters or muddy shallows. It is be-
lieved that it takes about two weeks for a rolled up leaf
to fully develop (TSUCHIYA & NOHARA, 1989).

Emergent leaves (Fig. 5C) are usually more or less
concave, depressed, funnel-shaped, and most often

Geol. an. Balk. poluos., 2018, 79 (2), 41-55.
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have a larger and thicker lamina than those that are
floating (Fig. 5B). They are stouter, of stronger struc-
ture, and probably also have more sclerenchyma, as is
the case with emergent leaves of other aquatic plants
(JANKOVIC et al., 1980.). Also, the petioles of emer-
gent leaves are more voluminous than those of flotant
leaves. The length of the petiole depends on the depth
of the water basin, ranging from 10 cm in shallow
waters to 50 cm and longer in the deep.

Fig. 5. Nelumbo spp. A. Floating and emergent leaves, young rolled up leaf that began to unfold,
flower and fruit in natural habitat. B. Flotant leaf detail. C. Emergent leaf detail.

Both the emergent and floating leaves have the
same macromorphological characteristics (Fig. 6):
primary veins, clearly visible and slightly raised
above the surface of the lamina, are radially distrib-
uted from the central disc located exactly above the
spot where the petiole is inserted in the leaf. The
diameter of the leaves ranges from 50 cm to 1 m. The
leaf is centrally peltate with actinodromous venation,
i.e. 20-25 strong primary veins are extending radially
from the central disc to the margins. Primary veins
branch dichotomously two to three times, usually in

Fig. 6 Main leaf characteristics of Nelumbo spp. 1. central plate;
2. midvein; 3. radial (actinodromous) venation; 4-5. secondary
veins; 6. first dichotomous branching; 7. second dichotomous
branching.

Geol. an. Balk. poluos., 2018, 79 (2), 41-55.

the upper third portion of the lamina. A similar num-
ber of primary veins was reported in N. lutea (HALL &
PENFOUND, 1944). The midvein does not branch in
either species of Nelumbo, extending instead in a
straight line from the central disk to the margin of the
leaf. As the bifurcation of the primary vein starts
roughly from its upper third portion, reticulate-like
venation of 3° and 4° veins is noticeable in this part of
the leaf, almost at the edge.

In the epidermis of the cen-
tral disk there are very large
stomata (twice the size of those
in the epidermis of the lamina),
which are somewhat indrawn
into the epidermis below which
no palisade tissue exists (that is
why the central disc is lighter
in colour than the remaining
part of the leaf) and where
aerenchyma tissue and a num-
ber of air ducts developed in-
stead. Such a central disc is an
occurrence that is unique to
Nelumbo, and its composition
was described back in 1949. by
Vouk & NIJEGOVAN who, at the
time, named it “special pneu-
matoid organ”. With the help of
today’s modern methods, it was however established that
it is actually a special system of “pressurised ventilation”
which provides aeration that is necessary in almost
anaerobic, hypoxic muddy environment of swampy
areas. According to various data from the literature
(MATTHEW & SEYMOUR, 2006), the air tubes in the leaf
petiole occupy approximately 25 to 40% of the space.

The lamina is otherwise covered with papillae,
which provides it with the so-called ultra (super)
hydrophobicuty (ENSIKAT et al., 2011); in this way, the
plate of the leaf does not become wet or dirty (“lotus
effect”). As is the case with the majority of aquatic
plants, stomata are located only on the upper side of
the leaf, while collenchyma (mechanical tissue) is
developed on the both side.

Description of the fossil leaves from Berane
Basin

Nelumbo protospeciosa SAPORTA 1891
1890  Nelumbium proto-speciosum nomen nudum —
SAPORTA, p. 192.
1891  Nelumbium proto-speciosum sp.n. — SAPORTA,
p- 17, pl. 1, figs. 2-3, pl. 4, fig. 1.
Nelumbium protospeciosum SAPORTA — FRI-
TEL, p. 269, fig. 335.
1961  Nelumbo protospeciosa SAPORTA — VASILEV, p.

140, pl. 15, figs. 1-3

1903
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The leaf is centrally peltate, lamina is orbicular, and
venation is radial, actinodromous. The diameter of the
leaf cannot be precisely determined since no leaves
were preserved in their entirety, but it can be estimated
that it was greater than 30 cm because the length of the
longest preserved vein is 13 cm (Fig. 7B, B1; Pl. 1, fig.
5) before the point of the second bifurcation which is
not preserved. Approximately 20 radially distributed
primary veins extend from the central plate (Fig. 7A,
Al; B, B1; PL 1, figs. 4-5). Primary veins are robust,
straight, with dichotomous branching (bifurcations).
The angle of first bifurcation is 30°—40° (Fig. 7C, C1;
PL 1, fig. 1). Two specimens, compression and impres-

Nelumbo protospeciosa was recorded in several
localities in Europe and Asia, dated from Eocene to
Pliocene. It was first described by SAPORTA (1890b,
1891) from the locality Manosque, France (Oligo-
cene/Early Miocene). According to the morphoanato-
mical structure of leaves and especially the number of
primary veins (20-24), dichotomous vein branching
and leaf size of about 40 cm, SAPORTA (1891) assumed
that Nelumbo recorded at Manosque was a direct an-
cestor of modern Nelumbo nucifera GAERTN 1788
(syn. Nelumbium speciosum WILLD. 1799). Therefore
he named it Nelumbium proto-speciosum. According
to shape and structure of leaves, BERRY (1917) also

Fig. 7. Nelumbo protospeciosa SAPORTA from Berane basen, photograph and interpretative outline drawing. A. NHMBEO 581: 957; B.

NHMBEO 581: 966; C. NHMBEO 581:963. Scale bar = 3 cm.

sion of the same leaf, (Pl. 1, figs. 4-5) contain a com-
plete central part of lamina. Thanks to those specimens
it can be seen that all primary veins, except unbranched
one, made first bifurcation on the distance of 7-8 cm
away the central plate. The unbranched vein is 9 cm
long and it could possible be the midvein. Primary
veins are robust and can reach a width of 4.5 mm (P1.
1, fig. 3); longitudinal stripes, quite possibly air tubes
or gas canals (MATTHEWS & SEYMOUR, 2006), can be
noticed on the surface of some primary veins (PL 1, fig.
2). Secondary veins, created by the dichotomous
branching (first bifurcation) of the primary veins, can
be longer than 5 cm (PI. 1, fig. 1). Primary and second-
ary veins are interconnected by opposite percurrent ter-
tiary veins that are very similar to those found in recent
Nelumbo. No second bifurcation point nor secondary
veins are preserved in our material.

assumed that N. protospeciosa was a direct ancestor
of N. nucifera.

In addition to Mansoque (SAPORTA, 1891; STEUR,
1993), fossil leaves of N. protospeciosa were also
recorded in other localities of Eurasia (Fig. 9): Bul-
garia, ?Eocene (PALAMAREV et al., 1998); China,
Eocene (Guo, 1979) - later it was consider as new
species N. changchangensis (HE et al., 2010, L1 et al.,
2016); Iran, Miocene (GABRIELYAN at al., 2012);
Kazahstan Eocene, Oligocene and Miocene (VASILEV,
1961; SNIGIREVSKAYA, 1974); Poland, Miocene, only
receptacles (KowaLski, 2016); Russia, Eocene and
Miocene (SNIGIREVSKAYA, 1974: BUDANTSEV, 1997 in
L1 et al.,, 2014a); Slovakia, Miocene (KUCEROVA,
2010); Romania, Pliocene (TICLEANU & DIACONITA,
1997; TicLEANU, 2006; DiacoNu & TICLEANU, 2006);
Ukraina, Pliocene, (SNIGIREVSKAYA, 1974).

Geol. an. Balk. poluos., 2018, 79 (2), 41-55.
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Paleoenviroment

Except Nelumbo, no other plant remains were re-
corded at locality Rosulje. The imprints of rhizomes
and roots (Fig. 8), indicate that Nelumbo was record-
ed in situ at the littoral zone of a Miocene lake. It is
not possible to determine any more precise or more
concrete characteristics of either climate or habitat
just only on presence of Nelumbo fossils. Therefore, it
was necessary to use the actualistic principle and
examine the characteristics of modern lotus species,
simultaneously with an analysis of the Lower Mio-

characterised by heterophylly (polymorphism) i.e.
developed floating and emergent leaves, flowers ele-
vated highly above the water, strong rhizomes and
weak roots (STEVANOVIC & JANKOVIC, 2014).

Species of genus Nelumbo predominantly inhabit
tropical-subtropical wetland zones, both in eastern
Asia and Australia (V. nucifera) and in North America
(N. lutea). Habitats of Nelumbo species include lakes,
swamps, marshes, ponds, riverbanks, floodplains,
where these perennial plants grow as floating/emer-
gent hydro/hygrophytes. Both extant species of genus
Nelumbo grow in shallow, calm waters with muddy

Fig. 8. Roots and rhizomes of Nelumbo protospeciosa SAp. found in Rosulje. 1. NHMBEO 581:962; 2. NHMBEO 581: 962a. 3. NHM-
BEO 581:959. Scale bar =5 cm.

cene vegetation of Luge-Haremi (DJORDJEVIC MILUTI-
Novi¢ & CULAFIC, 2010) recorded in the layer above
the Nelumbo (Fig. 3). Finally, it is also necessary to
consider the record of Indricotherium in the layer
immediately below the layer with Nelumbo.

General ecology of recent Nelumbo spp.
As typical aquatic plants that grow in slurry, shal-

low (mainly 2 m deep) water habitats, Nelumbo are

Geol. an. Balk. poluos., 2018, 79 (2), 41-55.

bottom and in full sunlight. They also appear in wet-
land environments of temperate zone, at different alti-
tudes, while N. nucifera may even be recorded in
lakes at 1400 m above sea level in the Himalayan
mountain range (MUKHERJEE et al., 2009). Generally
these plant species are not cold resistant, therefore low
temperature and short day length in the temperate
zone induces their dormancy. There they survive the
unfavorable winter period in form of tuber as dormant
organs (MASUDA et al., 2006; L1 et al., 2014b). As
mentioned previously, both Nelumbo species have
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two type of leaves, floating and emergent or aerial
ones. In the beginning of vegetation period, primarily
developed the floating leaves, flat in shape, followed
by the emergent ones funnel-shaped and rising above
the water surface. The floating leaves have shorter life
span than that of emergent leaves. In disturbed habitat
conditions Nelumbo spp. does not form abundant pop-
ulations but floating leaves generally develop and
their position ensures good photosynthetic activity
and survival of the plant (TSUCHIYA & NOHARA,
1989). Nelumbo spp. are invasive species that often
form mats and their wide floating leaves may cover a
large part of the lake. Due to their extraordinary dec-
orative appeal, Nelumbo plants are now distributed
throughout the world, not only due to human cultiva-
tion and consumption, but also because of the very
aggressive spreading from their natural habitats.
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Fig. 9. Distribution of Nelumbo protospeciosa: Eocene (blue);
Oligocene (yellow); Miocene (red) and Pliocene (green).

Lower Miocene flora of Berane Basin
(Luge, Haremi)

Some very abundant paleoflora from Lower Mio-
cene (Fig. 11) was recorded in at about a dozen syn-
chronous localities listed under the shared name
Luge-Haremi (DJORDIEVIC MILUTINOVIC & CULAFIC,
2010). This flora-bearing marl layer is situated above
the Nelumbo layer but as they are both of Lower
Miocene age (Fig. 3), it should be included during the
reconstruction of climatic conditions and environment
in which Nelumbo specimens once lived. As DJORDJE-
vI¢ MILuTiNovi¢ & CULAFIC assumed, the paleoflora
Luge—Haremi (Fig. 11) indicates existence of a mixed
deciduous-evergreen subtropical association which
probably developed under Mediterranean climate.
Presence of typical swamp dendroflora such as Taxo-
dium, Nyssa or Glyptostrobus is minimal cc 2%, indi-

cating that the banks were not overgrown with thick
swamp forests and instead were mostly penetrable and
well-insulated. Such open habitat also favors the heli-
ophilous Nelumbo. Broad leaf deciduous (BLD) speci-
es were slightly more 40% abundant than the broad leaf
evergreen species (BLE) 30% and the diversity of BLD
was much greater. On the other hand, the broadleaf
evergreen species were represented only with a few
morphotypes, indicating displacement of evergreen
floristic element by the deciduous one. Such composi-
tion of paleoflora indicates seasonal changes during the
year (a colder or drier period alternating with a warmer
or more humid period).

As the described flora also belonged to Lower
Miocene it may be assumed that Nelumbo protospe-
ciosa also lived under influence of more or less simi-
lar Mediterranean climate. Therefore its habitats were
probably closest to habitats of modern Nelumbo spp.
inhabiting regions around 40° N (Fig. 4).

The occurrence of Indricotherium

The third factor that may contribute to determining
the habitat of Miocene lotus at Berane was appearance
of Indricotherium (PETRONIEVIC & THENIUS). Its re-
mains were recorded in the main coal layer immedi-
ately below the layer with Nelumbo. Indricotherium
(syn. Paraceratherium) was hornless rhinoceros and
the largest known land mammal, up to 7 m tall. Those
animals were herbivorous and lived in herds. As they
inhabited steppe-savanna areas (PROTHERO, 2013),

Fig. 10. Supposed appearance of the lake shore habitat of Nelum-
bo protospeciosa.

Geol. an. Balk. poluos., 2018, 79 (2), 41-55.
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Broad-leaved evergreen (BLE)
component 30%

Broad-leaved deciduous (BLD)
component 40%

Conifer component 13%

Sclerophyllous and
legume-type component
20%:

Aristolochia sp.

Acer palacosacharinum

Cunninghamia miocenica

Berberis bursukensis

Daphnogene sp.

Acer tricuspidatum

Glyptostrobus europaeus

Fabales

Dicotylophylium sp. 1.

Acer sp.

Juniperus sp.,

llex sphenophylla

Lauraceae

Acer sp. fructus

Pinus hepios

Mahonia sp.

Muagnolia sp.

? Alnus ducalis

Pinus sp. conus

Quercus alexevii

Ocotea herit

Alnus gaudinii

Pinus tadaceformis

Quercus mediterranea

Persea sp.

Alnus kefersteinii fructus

Sequoia abictina

Sapotacites minor

Quercus apocinophyllum

Betulaceae gen. et sp. indet.

Taxodium dubium

Quercus neriifolia

Castanea atavia

Tuxodiaceae leaves

Rhodomyrtophyllum sinuatum

Cercidiphyllum crenatum

Taxodiaceae conus

Cyclocarya cyclocarpa

Engelhardtia orsbergensis

Fagus attenuala

Fagus pristina

Fagus saxonica

Fraxinus sp. fructus

Juglans acuminate

Populus germanica

Pterocarya paradisiaca

Ulmus carpinoides

Zelkova zelkovifolia

Fig. 11. Paleofloristic composition of the Lower Miocene marly beds in Luge-Hareme locality in Berane basen (DJORDJEVIC MILUTINOVIC

& CuLaric, 2010).

their presence indicates that the wider region around
the Berane Basin included lowland grasslands suitable
for movement of such large animals (Fig. 10).

All three presented factors: Lower Miocene pale-
oflora Luge—Haremi; heliophilous characteristics of
recent Nelumbo spp. and presence of large hornless
indricotherids, could indicate that the coastal part of
the lake, inhabited by the population of Nelumbo pro-
tospeciosa, was under influence of subtropical/Medi-
terranean climate and well-insulated, with noticeable
absence of typical swamp forests of Taxodium and
Glyptostrobus. Due to low percentage of swamp trees
and their aerial-roots (pneumatophores) protruding
from ground, the lake shore was probably accessible
as a drinking area for large herbivores.

Conclusion

During the Lower Miocene, the lake in Berane
basin was inhabited by populations of Miocene lotus
Nelumbo protospeciosa Sap., with leaf diameter of at
least 30 cm. The main morphoanatomical characteris-
tics of leaves were very similar to those in recent
Nelumbo spp. The leaf was orbicular in shape, with a
centrally placed petiole. Venation was actinodromous
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with about 20 larger veins, each branching dichoto-
mously about 8 cm from the central disk. The exis-
tence of midrib (main vein) could not be determined
with any certainty, although one of the recorded veins,
about 9 cm long, did not show dichotomous branching
and may represent the remains of the midrib.

As collected leaves were accompanied by rhizomes
and roots, it may be concluded that material was in
situ, at the same place where the plants lived. The lake
shore was probably not inhabited by swamp den-
droflora but open and well-insulated, matching the
habitat of modern, heliophilous lotus species.
According to the previous studies on Lower Miocene
flora of Luge—Haremi it is believed that lotus plants at
Berane Basin probably lived under conditions of sub-
tropical/Mediterranean climate.
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Pe3ume

Nelumbo protospeciosa SAPORTA 1891. u3
Bepanckor 6acena y llpnoj I'opu (1omu
MHOILIEH)

ToxoM uctpakuux pagosa 1995. ronune y pyqHuKy
yriba Pocysse y bepanckom Oaceny y Llproj [opm
(Figs. 1, 2) nahjenu cy y IMHOBUTHM JIAIIOPIIAMA JI0-
mwomuorieacke crapoctu (Fig. 3) docmmam ocramm
noroca Nelumbo protospeciosa Sap. (Fig. §; PL. 1).

QdocunHE Marepujal ce CacTOju Ol JBaJeCeTaK
oTHCcaka, KOMIIpECHja W HMMIIPECHja, JINCTOBA, KOpe-
HOBa W pU30Ma W Haia3u ce JenoHoBaH y [lpupon-
BadkoM My3ejy y beorpany y llameoborannukoj
konexiju NHMBEO 581: 957-967.

CaBpemenu npeacrapuunu poaa Nelumbo

Nelumbo ADANSON 1763
syn. Nelumbium JUSSIEU 1789

CaBpemenn pox Nelumbo obyxBara IBe BpCTe:
uHaujcku notoc Nelumbo nucifera GAERTNER 1788
KOju pacte y Asuju M XyTu sotoc Nelumbo lutea
WILLDENOW 1799 xoju HacesraBa CeBepHy AMepHKY
(Fig. 4). OGe BpcTe cy Beoma ciuHe U pa3nuka mehy
IBUMa je yIIIaBHOM y OOju IBeTa M Treorpad)cKoM pa-
cnpoctpameny. OcHOBHE KapakTepucTuke jucta (Fig.
6) 3ajemHUYKe 32 00€ BpPCTE Cy: a) OKpyINa, OpOWKy-
JlapHa, JTUCHA TUT0Ya; 0) IEHTPATHO TTOCTaBJbeHA JINCHA
JIPIIKA; B) MPHCYCTBO IEHTPATHOT JHCKA, CTPYKTYpe
Koja ce ¢opMHupa Ha MECTY TJIe JIMCHA JIPIIKA yiia3u y
JIMCHY TUIOUY; T') aKTHHOIPOMHA HEepBaTypa Kojy rpaau
OKO JIBajiecTeak MpUMapHUX Hepasa; 1) mpBa Oudyp-
Kallyja Ui JJUXOTOMO TPaHame MPUMAapHE HEPBAType —
CBaKH HEPB, OCHM jEHOT, C€ IMXTOMO TpaHa Ha TOPH0]
tpehuau nmcke 1ajyhu nBa cexyHnapHa HepBa. 1)) npyra
oudypkanmja — cBakM CEKyHIApHU HEpPB Ce€ TpaHa y
ONM3MHU MaprHHE; XX) TOCTOjame TIIAaBHOT HEPBa: jelaH
MpUMapHU HEPB Ce€ He JeNu AUXOTOMO Beh Kao
HerpaHaT WJe /10 MapruHe W yia3u y mwy. OBaj
HErpaHaTH HepB Ce Ha3WBa INIABHH HEPB U OH j& 0Cca OKO
KOje je ca JieBe | JIeCHE CTpaHe ,,ypoJaH™ My JICT
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JoToca rpajehu KormbacTy CTpyKTypy KOjoM ce TipoOuja
kpo3 Boxy (Tek kama CTUTHE 10 TIOBPIIMHE KOI/BACTO
ypolaHa JIMCKa ce oTBapa M (opMHpa Mpero3HaTIbHB
OpOWKyIapHU OOJHK).

VY cinydajy kama ce Kox (hOCWIIHOT Marepujaia
YCTaHOBU IIOCTOjaF€ JBE WJIM BHIIE ONHCAHUX
KapaKTepUCTHKA JINCT CE YIIAaBHOM HIECHTH(UKY]je
kao Nelumbo. On cBUX HaBEICHUX KapaKTCPUCTHKA
Hajpeha je 1 HajTexke ce yoyaBa MPUCYTHOCT TIIABHOT
HEPBAa, jep je OH HeXKHUJU U TAhH OJf OCTAIINX U PETKO
KaJia ce ouyBa y (pocmitHOM marepujaiy.

Onuc ¢pocuHOr MaTepujajia
Nelumbo protospeciosa SAPORTA 1891

[Ipwmkom mpernena (GOCWIHOT MaTepwjajia Ha
OCHOBY OTHICaKa KOPEHOBa M pHU30Ma O]l CaMoT IIO-
4yeTKa je OWiIo jacHO Ja ce paj O aKBaTHYHUM OWJb-
KaMa, aJli je TeK Ha OCHOBY JIFICTOBA 3aKJby4YEHO Ja je
y mutamy pon Nelumbo. Jlasbom mpoBepomM Mopdo-
aHaTOMHje JINCTa, YTBphEeHe Cy KapaKTepHCTHUKE Koje
HEJBOCMUCIICHO TOBOpPE J1a ce pamu o BpcTu Nelumbo
protospeciosa SAP.

Jluct je opOukynapaH, JHCHA JPIIKA j€ IEHTPAITHO
noctaBsbeHa. [[puMapHU HEPBU Cy paujaiHO PacIIo-
pehenn, HepBatypa je aktuHOApOMHA. [Ipeunnk mucra
HE MOYKe OWUTH TIPEITU3HO YTBPphEH jep ce HU jefaH JIUCT
HUje cadyBao y IIeJIOCTH OJ IIEHTpa JI0 MapruHe, ain
MOXKE C€ OLIEHHUTH Ja je mpedHuk ouo Behu ox 30 cm,
jep ce Ha jemHOM TPHMEPKY Hala3d HEpPB KOjU je
nyradak 13 cm (Fig. 7B, B1) mpe mecra apyre Ou-
tdypkuuje. Ox HEHTpaHOT TUCKa TOJa3d OKO JBa-
JleceTak jaknx MpUMapHUX HepaBa Koju ce Ha 7—-8 cm
Iy)KUHE JUXOTOMO Jelieé Ha J[Ba CeKyHJapHa HepBa
(Fig. 7. B, B1). Yrao pauBama (AMXOTOMOT TpaHamba)
je xom Behmue oxo 30°—40° (PL 1, fig. 1). Ha mpwu-
mepurnmMa NHMBEO 581: 957 u 966, xoju mpencra-
BJbajy TMO3WUTHB M HEraTUB HCTOT JINCTA CadyBaH je U
jeIaH HerpaHaTd MpHUMapHH HepB ayradak 9 cm. OH
HEMa padBame Ha J[Ba CEKyHJIapHA HEpBa Ia ce MOXKe
MIPETIIOCTAaBUTH Ja OW TO MOTao OWTH TJIaBHU HEPB.
CBU TIpUMapHHA HEPBU Cy KPYITHH W HEKH Of HHUX
moctiky mupuny a0 4.5 mm (PL 1, fig. 3). Hdyx
HEKWX HepaBa, HAPOUUTO KPYIMHHjUX, MOTY C€ 3ara-
3UTH y3[Iy’)KHE JTUHHjE KOje BEPOBATHO IPEICTaBIbajy
OCTaTKe aepeHXMMCKOT TKHMBa WJIM KaHaja 3a BEHTH-
nammjy (Fig. 7C, C1; PL.1, fig. 2).

Cranumure Nelumbo protospeciosa SAP.
I'muHOBOTO-NMAIOpOBUTH CIOj Y KOoMe cy HaleHu

ocrait Nelumbo protospeciosa Hanasu ce u3Mely na-
MTOPOBHUTOT cJI0ja y KOMe je HaljeHa Beoma Oorara J0me-

muorieHcka ¢uopa JIyre—Xapemu (DJORDIEVIC MILUTI-
NovIC & CULAFIC, 2010) ¥ IIaBHOT YIJbEHOT CII0ja y
KoMe cy HaljeHH ocrarm 6e3poror Hocopora [ndrico-
therium sp. (PETRONIEVIC & THENIUS, 1958). OBakas
monoxxaj ciojeBa ca Nelumbo protospeciosa (Fig. 3)
yKa3yje Jla Cy OCTaIlH JIOTOCa JOHEMUOIIEHCKE CTapo-
cTH 1 Tpeba HAITOMEHYTH Jla OHH 32 Ca/1a IPEJICTaBIbajy
Hajctapujy ¢ropy HaheHy y bepanckom Oaceny.

Ilopen otucaka Nelumbo mwucy HalhleHM octanu
IpyTux Omsbaka. Tako /1a Ha OCHOBY CaMO OBOT Hallaza
He MokeMo pehw HuITa ONMMKEe O CTAaHWINTY, BEre-
Tallju WJIA KIUMH OBOT MHOIIEHCKOT TIpejena.
Ocramm pusoma u kopenoBa (Fig. 8) ykazyjy nma je
Nelumbo naleu in situ v 1a je ynpaBo Ty Ouia JIUTO-
paiHa 30Ha MHOIEHCKOT je3epa. 300T HemocTaTKa
IpyTuX (GOCHITHUX Haja3a 3a PeKOHCTPYKIIH]Y CTaHU-
mTa W KJIAMaTa MHOIEHCKOT JIOTOCA TMPHMEHEH je
AKTYEITMCTUYKH TIPUHIUI U pa3MaTpamke CTaHUIITA Y
OJTHOCY Ha CTaHWINTE AaHalImer Nelumbo spp. kao u
aHanm3a gomemuoneHcke ¢iope Jlyre—Xapemu (Fig.
11) xoja je Haljena y crojy m3nan Nelumbo. Ha xpajy
Tpeba y3eTu y 003up W Hamazak [ndrocotherium-a 'y
CJI0jy HETIOCPEIHO UCTIOA cioja ca Nelumbo.

Ha ocHoBy ocTaraka akBatmuHUX Onsbaka Nelumbo
protospeciosa, ananmuse mnaineoduope Jlyre—Xapewmu,
MIPUMEHE aKTyeJINCTUYKOT TpHUHIMIA ropehema ca
petieHTHUM Nelumbo spp. Kao ¥ TMPETXOAHUX HCTpa-
kuBama bepancko-lIlommukor 6acena (DROBNJAK et
al., 1996; 1998;) MokeMO 3aKJbydUTH Ja je TOKOM
MUOIIeHa Ha oyipy4jy bepanckor 6aceHa, koju je 6mo
O]l YIJTUBOM CYNTPOIICKE /METUTEpaHCKE KIMME,
ITOCTOjaIo je3epo Yuje cy odale U rnhake MoYeTKOM
MHOIIEHa, a BEPOBAaTHO U KacHHje, HaceshaBalie TOITy-
namje Nelumbo protospeciosa SAP. OBa BpcTa MHO-
LIEHCKOT JIoTOCa OWja je BeoMa CIMYHA PElEeHTHHM
BpCTama, HApOYUTO y TOIJIey MOp(pOoaHATOMH]jE JTH-
CTOBa KOjU Cy JOCTH3alW HIMpWUHY of oko 30 cm.
VYenen HemocTarka TUIIMYHE MOYBapHe JIeHApodiIope
(Taxodium, Nyssa n Glyptorstrobus anne cBera 2%
najeodope) CTaHHWIITE MHOIEHCKUX JIoToca y be-
paHCKOM OaceHy OWIJIO je OTBOpPEHO, I0OpPO MHCOIH-
paHo, ¥ BEpOBATHO MPUCTYIAYHO KUBOTHE-aAMa M Kao
mojunto. C o63upom na je 3a pox Nelumbo xapare-
PUCTHYHO Ja Tpaju M3y3€THO BEJHKE W TyCcTe IIO-
myJjandje, cTBapajyhu mpu ToM 3Ha4YajHYy KOIHYUHY
XpaHJbUBE OMOMace, MOXKEMO MPETIOCTABUTU Ja CY
ra MHOIICHCKE XepOMBOpE YeCTO KOPHCTWIIE U Kao
n3Bop xpane. [la mm je Nelumbo protospeciosa Sap.
HAaCTaBUO CBOjy €T3WUCTEHIM]Y W TOKOM CpEIer H
TOpHEr MHOIICHA WM IUTHOIIEHA 3a cajla HUje IIo-
3HATO, jep y Miahum OepaHCKHM CIll0jeBHMa HUCY
Halhenn ocranm Nelumbo My APYyruX aKBaTUYHUX H
CEeMHUaKBAaTHYHUX OMIbaKa.
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PLATE 1
The selected fossils leaves of Nelumbo protospeciosa
Scale bar = 5 cm
Fig. 1. Bifurcation of primary veins, NHMBEO 581:958.
Fig. 2. Longitudinal lines originating from the air tubes are noticeable on the primary veins, NHMBEO 581:563.

Fig. 3. Part of the leaf near the central plate. The largest width of the secondary veins — 4.5 mm, was recorded in this specimen, also
noticeable is a 3° venation. NHMBEO 581:964;

Figs. 4,5. Impression and compression of the same leaf, with a very well preserved central plate. Based on this two specimens fossils
material are identified as Nelumbo genera. NHMBEO 581:966 and 957.
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