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Нови карпологични данни от средномиоценската Сатовчанска 
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Abstract. New data from the middle Miocene Satovcha paleoflora (SW Bulgaria) are presented. The three taxa stud-
ied here, which belong to the Division Pinophyta are defined on the basis of fossil disseminules. Cephalotaxus aff. 
fortunei was determined by an aril impression. Picea aff. shrenkiana and Pinus aff. mugo are identified by winged 
seed impressions.
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Introduction

During the expeditions held in 2018 and 2022, a 
new fossil material from the Satovcha paleoflora has 
been obtained. It consists mainly of leaf imprints, 
but imprints of disseminules were also found. The 
funds for these investigations were provided by the 
Regional Natural History Museum of Plovdiv (RN-
HM-Plovdiv) and the international program “Neo-
gene Climate Evolution in Eurasia – NECLIME”.

The middle Miocene Climatic Optimum (17– 
15 Ma) was the reason for the exceptional taxo-
nomic diversity in the paleoflora on the territory of 
Bulgaria in this period. Evidence is the richest Bul-
garian local paleoflora from Satovcha containing 
over 130 taxa (Bozukov, 2001). It originates from 
the sedimentary rocks of the Sivik Formation (Va
tsev, Pirumova, 1983), which is a constituent part 
of the Satovcha Graben (SW Bulgaria). The age of 

this paleoflora has been determined as middle Mi-
ocene based on studies on fossil diatoms (Vatsev, 
Pirumova, 1983), macroflora (Bozukov, 2002) and 
palynomorphs (Ivanov, 2013).

Materials and methods
The materials examined here are impressions on di-
atomite of one aril (No 25) and three winged seeds 
(No 4, 295a-b, 412). Fossils numbered 295a-b and 
412 are kept in the paleobotanical collection of the 
RNHM-Plovdiv, and 4 and 25 in that of the Institute 
of Biodiversity and Ecosystem Research – BAS.

The determination of the fossil material was 
made on the basis of the macroscopic morphologi-
cal features of the imprints. Photographs of the fos-
sils are taken with a Panasonic DC-FZ82 camera. 
Taxa are arranged in alphabetical order of families 
and genera.
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Results

Division Pinophyta
Family Cephalotaxaceae
Genus Cephalotaxus Siebold et Zucc. 
Cephalotaxus aff. fortunei Hook. 

Material: An aril imprint (Fig. 1a), No 25.
Description: The shape is elliptic. On the surface 

of the aril, numerous parallel thin lines are visible 
oriented from the base to the tip. The apical part is 
rounded, the basal part is probably acute. Dimen-
sions: length – 1.8 cm, width – 1.0 cm.

Comparison: The genus Cephalotaxus was 
widespread in Europe during the Paleogene and 
Neogene. Knobloch et al. (1996) reported needle 
impressions from late Eocene sediments in the 
Czech Republic. Mai et al. (1988) published data 
on leaf impressions, but also cuticle morphology 
from Pliocene sediments in Germany. Geissert et 
al. (1990) published carpological data for the ge-
nus. The authors establish the species C. rhenana 
Gregor by seed in sediments of Miocene–Pliocene 
age from France. They indicate for nearest living 
relative (NLR) the recent species C. drupacea Sieb. 
et Zucc., which is distributed in China and Japan. 
The studied fossil material has the morphological 
features of the arils of the modern species C. for­
tunei (Fig. 1b). More precisely, it has the charac-
teristics of immature arils, which are characterized 
by parallel thin lines and smaller sizes than mature 
ones. The recent species is distributed in SE China 
and N Myanmar.

The genus was established by an impression of 
a leafy branch with a preserved cuticle of needle-
like leaves in the Satovcha paleoflora (Tsenov et al., 
2006). Based on the epidermal analysis, the authors 
indicated the East Asian species C. harringtonii J. 
Forbs (= C. drupacea) as the NLR of their material. 
They did not identify the fossil material to species, 
due to the presence of differences in its anatomical 
structure with both recent and fossil species used for 
comparison.

Stefanoff and Jordanoff (1935) and Kitanov 
(1984) reported a fossil form of the modern species 
C. fortunei foss. in the paleofloras from Podgumer 
and Garmen (W Bulgaria), which are of late Pon-
tian–early Dacian (= Messinian–early Zanclean) 
age. Since these authors reported needle-like leaf 
impressions and our material is an aril impression, 
we cannot claim that these are the same fossil spe-
cies. Moreover, the age of the considered paleoflo-
ras is different. We therefore use the combination 
Cephalotaxus aff. fortunei. 

Kitanov (1972) described another fossil form – 
C. drupacea foss. from the above cited Podgumer 
paleoflora. We refer our material to the C. fortunei 
due to the morphological features of the fossil aril. 

It has an elliptical shape, unlike the pear-shaped aril 
of C. drupacea, and also has parallel lines, which 
are not present in the immature arils of C. drupacea. 

Geographic and stratigraphic distribution: Cepha­
lotaxus aff. fortunei was established for the first time 
in the middle Miocene flora of Satovcha and Bulgar-
ian Cenozoic flora.

Family Pinaceae
Genus Picea A. Dietr. 
Picea aff. schrenkiana Fischer et C.A. Meyer
2018. Bozukov, Todorov, Georgieva, p. 16, Pl. 1, 
Fig. 2.

Material: An imprint and a counterimprint of 
winged seed (Fig. 1c–d), No 295 a-b.

Description: The seed is obliquely obovate, 
length – 0.5 cm, width – 0.3 cm; the wing is elliptic, 
length – 1.0 cm, width 0.7 cm.

Comparison: The studied fossil material has 
identical morphological features to those of the 
seeds of the recent species P. schrenkiana (Fig. 1e), 
which is native to Central Asia mountains and to W 
China. 

Stefanoff and Jordanoff (1935) described on the 
basis of impressions of separate needle-like leaf and 
winged seed the taxon “Picea spec. aff. P. schren­
kiana and P. morinda Lnk.” in the mentioned above 
Podgumer paleoflora. We can claim about the car-
pological material studied by these authors  that it 
is more similar to modern P. smithiana Boiss. (= P. 
morinda).

Geographic and stratigraphic distribution: So far 
Picea aff. schrenkiana is known only from middle 
Miocene Satovcha paleoflora.

Genus Pinus L. 
Pinus aff. mugo Turra

Material: Imprints of winged seeds (Fig. 1f–g), 
No 4 and 412.

Description: The seeds are obovate, length – 
0.57–0.60 cm, width – 0.40–0.42 cm; the wing is 
wide elliptic to suborbiculate, length – 0.9–1.3 cm, 
width 0.7 cm.

Comparison: The studied fossil material has 
identical morphological features to those of the 
seeds of the recent species P. mugo (Fig. 1h), dis-
tributed in the Pyrenees, Central Europe and the 
Balkan Peninsula. The wings of the seeds of P. 
mugo vary in shape and length but are smaller in 
size than most of the species of the genus Pinus, due 
to the small cones of the P. mugo (up to 5.5 cm). Pa-
lamarev et al. (1991) established the fossil species 
Pinus brevis Ludwig in the Satovcha paleoflora, 
which has the same NLR. Since the fossil species 
P. brevis was determined by a cone impression and 
the material we determined by a seed impression, 
we cannot claim that these are impressions of the 
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Fig. 1. a, Cephalotaxus aff. fortunei (No 25); b, C. fortunei (after https://upload.wikimedia.org/wikipedia/commons/6/68/Cephalo-
taxus_fortunei_G%C5%82owocis_Fortune%27a_2019-10-26_01.jpg); c–d, Picea aff. schrenkiana (No 295ab); e, P. schrenkiana 
(after https://plantsgallery.blogspot.com/2011/04/picea-schrenkiana-var-tianschanica.html); f–g, Pinus aff. mugo (No 4 and 412); 
h, P. mugo (after https://landscapeplants.oregonstate.edu/plants/pinus-mugo) (measuring bar – 1 cm)



172

one and same fossil species. Therefore, we use the 
combination Pinus aff. mugo for our material.

Geographic and stratigraphic distribution: Pinus 
aff. mugo was established for the first time in the 
middle Miocene flora of Satovcha and Bulgarian 
Cenozoic flora.

Conclusions

The new research on the middle Miocene flora from 
Satovcha confirms the fact that it is the richest lo-
cal paleoflora in Bulgaria. A fossil taxon of Genus 
Cephalotaxus was established for the first time by 
aryl imprint. The presence of fossil taxa owning 
NLR such as Picea schrenkiana and Pinus mugo 
in the Satovchan paleoflora was also confirmed by 
carpological data.
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