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Abstract. An analysis of selected macrofloras (leaves, fruits and seeds) from NW Bulgaria
using the Coexistence approach method was applied to obtain quantitative data about Volhynian
and Bessarabian climate in studied area. The aim of the study is to compare the climate data derived
from the analysis of macrofloras and palynological data. The Middle Miocene was a period of a
subtropical/warm temperate humid climate with mean annual temperature between 16 and 18 °C
and mean annual precipitation between 1,100 and 1,300 mm. Comparison of all data, received
from different floras we can observed, showed that nevertheless some differences, in all cases there
was a good relation between climate and vegetation dynamics. We observed some deviations in
quantities, but they varied in small limits. The climate data derived from macro- and microfloras
coincided well in regard to all parameters, nevertheless that different taxa determined coexistence
intervals. In some cases, the macropalacobotanical data provide narrow climate interval, that
is explained by better taxonomic resolution and better identification of nearest living relatives
(NLRs). The application of both methods has the advantage of obtaining both more accurate
climate data and tracking climate change in more detail throughout the study period.
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INTRODUCTION

The history of vegetation change in Northwestern Bulgaria (Forecarpathian
Basin) has been studied last few decades on the basis of both macrofossil and
microfossil records. The well-preserved leaf imprints, seeds/fruits, dispersed
cuticles and palynomorphs (PALAMAREV & PETKOVA 1987 and IvANOV ET AL.
2002, and references therein) provide a good ground for vegetation and climate
reconstructions. Because of the specific geographic position of the Balkan
Penninsula in the Miocene between two vast marine basins — Mediterranean to the
south and Parathetyan to the north (ROGL 1998; MEULENCAMP & SISSINGH 2003),
it plays a major role in the evolution plants in the Neogene of Europe. This area
appears as a land bridge and a main migration route between Asia minor and Central
Europe, and apparently it also plays a major role in the evolution of Mediterranean
vegetation (PALAMAREV 1989). It is also important in understanding the evolution
of climate system in this area.

Palacoclimatic research is an important tool for the correct interpretation
of modern climate change and for the correct understanding of how the climate
system works. Data on terrestrial climate usually come from two main proxies
- analysis of fossil land animals (mainly mammals) and mainly from the data on
fossil flora and vegetation. The latter is widespread for reconstructions because of
different techniques developed for climate analysis of fossil plant data. There are
two approaches to extract climate data from plant fossils - leaf physiognomy and
nearest living relatives (NLR) approach. Recently a study comparing these two
approaches based on leaf-floras was published (IvaNOV ET AL. 2019) and the results
clearly showed the advantages and preciseness of the NLR’s using Coexistence
approach (CA) method. The present study uses the possibilities of the NLR’s
approach comparing palacofloristic data obtained by macro- and micro-floristic
studies.

Geological settings

The palacogeography of the Forecarpathian Basin and its variations during
the Neogene are relatively well known. A shallow brackish basin covered wide
territories in the NW Bulgaria in the Middle Miocene. The age of sediments is
well dated by characteristic mollusk associations, as well as by ostracods and
foraminifers (IvANov ET AL. 2002). The longitudinal depression was active in
the Volhynian (KoruMDGIEVA & Popov 1986, 1989; KOJUMDIIEVA ET AL. 1989;
IvaNOvV ET AL. 2019), and in the peripheral parts of the basin (the so called Marginal
stable area: Fig. 1) a lot of swamps and almost freshwater ponds existed. This
study is based on macrofloristic analysis of several localities of Volhynian and
Bessrabian ages situated south of the Forecarpathian Basin (Fig. 1). The studied
sediment successions are presented by sandy clays and clays, which contained well
preserved macroremains and palynomorphs. Stratigraphically they belong to the






species and it is assumed that the climatic requirements of fossil species are more
or less similar to those of their nearest living relatives. In this study the CA method
(MOSBRUGGER & UTESCHER 1997; UTESCHER ET AL. 2014) was applied to obtain
quantitative climatic data. This technique is straightforward and uses climatic
tolerances of nearest living relatives of fossil taxa with respect to various climatic
parameters to reconstruct past climates. The interval of possible coexistence of
all taxa is calculated for the various climate parameters, within which all nearest
living relatives of the fossil flora can exist. This coexistence interval is regarded
as representing a reasonable estimator of the past climate under which the fossil
flora lived. Such approach can be used with all kinds of plant remains (e.g. leaves,
fruits/seeds, pollen/spores) for which the NLRs can be reliably identified. The
method was recently applied for palaeoclimate reconstructions in Europe and Asia
(e.g. Pross ET AL. 1998; UTESCHER ET AL. 2000; UHL ET AL. 2003; IVANOV ET AL.
2002, 2011; BILTEKIN ET AL. 2015; DURAK & AKKIRAZ 2016; IvaANOvV & WOROBIEC
2017; Kayser-Ozer 2017; Kayser-Ozer ET AL. 2017; Yavuz ET AL. 2017;
Ivanov & LazAarova 2019). For a given fossil flora, the CA method determines the
nearest living relatives of fossil taxa and their climatic tolerances and calculates
the coexistence intervals (minimum and maximum values) for various climate
parameters (for details see MOSBRUGGER & UTESCHER 1997 and UTESCHER ET AL.
2014) within which all living relatives of fossil species can coexist. The climate data
were obtained with the help of Palacoflora database (UTESCHER & MOSBRUGGER
2015). The following climate parameters were considered as presenting the main
climate characteristics; MAT - mean annual temperature (°C), TCM - mean
temperature of the coldest month (°C), TWM - mean temperature of the warmest
month (°C), MAP - mean annual precipitation (mm). In addition, a brief description
of fossil vegetation is also presented based on autecological analysis (Ivanov 2015;
Ivanov & WOROBIEC 2017; IvaNov & LazArROVA 2019).

The present-day climate of Northwest Bulgaria is characterised by MAT 11.2-
11.5 °C, TCM -2.1 to0 -0.9 °C, TWM 22.6-23.6 °C and MAP 536-586 mm (VELEV
1997).

RESULTS AND DISCUSSION

The Volhynian

We analyzed four floras of Volhynian age located near the villages of Tsar
Shishmanovo-Tolovitsa, Ruzhintsi, Kladorub-Ostrokarptsi and Pelovo. These
floras are enough rich with taxa to provide reliable palacoclimate date.

The Volhynian palacoflora contains 154 species belonging to 114 genera
and 69 families of the whole macroflora. In addition, 139 palynomorphs have
been discovered. This flora is systematically very rich in representatives of
Algae, Bryophyta, Lycopodiophyta, Equisetophyta, Polypodiophyta, Pinophyta
and Magnoliophyta. The largest families are Lauraceae, Fagaceae, Fabaceae,
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Table 2. Climate data for Volhynian and Bessarabian derived from pollen re-
cord from core Deleina.

Age | Depth (m) | MAT (°C) | TCM (°C) | TWM (°C) | MAP (mm)
78 147-172 | 1,76,6 | 23,0278 | 740-740
80,5 11,6-184 | 1,781 | 23,6278 | 652-759

,:g 83,5 15,6-17,2 5,0-6,6 24,7-27,3 | 897-1308
g 106 17,2-18,4 5,0-8,1 24,7-27,8 | 1187-1322
g 110 15,6-17,2 5,0-7,0 24,7-27,3 | 823-1380
114 15,6-17,2 5,0-7,0 24,7-27,8 | 897-1322
120 17,2-17,2 5,0-6,6 24,7-27,8 | 1187-1308
143,5 15,6-17,2 5,0-6,6 24,7-27,3 | 1076-1281
150,5 15,6-17,2 5,0-6,6 24,7-27,8 | 897-1281
185 15,6-17,2 5,0-7,0 24,7-27,8 | 1187-1281
194 15,6-17,2 5,0-7,0 24,7-27,3 | 1187-1281
220 15,6-17,2 5,0-6,6 24,7-27,8 | 1187-1322
234 15,6-17,2 5,0-6,6 24,7-27,8 | 823-1322
245 15,6-17,2 5,0-6,6 24,7-27,1 | 1076-1380
& 258 15,6-17,2 5,0-6,6 24,7-27,8 | 1187-1281
E‘ 260 15,6-17,2 5,0-7,0 24,7-27,8 | 1187-1308
E 262 15,6-17,2 5,0-7,0 24,7-27,8 | 897-1281

264 15,6-17,2 5,0-7,0 24,7-27,8 | 1187-1281
268 15,6-17,2 5,0-7,0 24,7-27,8 | 740-1281
273,5 15,6-17,2 5,0-7,0 24,7-27,8 | 1187-1281
281,5 15,6-17,2 5,0-7,0 24,7-27,1 | 823-1281
285 15,6-18,4 5,0-8,1 24,7-27,8 | 1076-1308
349 15,6-17,2 5,0-6,6 24,7-27,8 | 823-1308
353 15,6-17,2 5,0-6,6 24,7 1076-1281

same time. This time interval (the end of Bessarabian) corresponds to the beginning
of Tortonian in Mediterranean area and the beginning of the so-called Vallesian
crisis - sequence of mammal events, changes in lower vertebrate record.

With regard to the ecological requirements, the paleoflora type consists of the
following components: hydrophytes (8.3%), hygrophytes (5.0%), hygromesophytes
(15.0%), mesophytes (51.7%) and hemixerophytes to xerophytes (20.0%). The
greatest change occurred in the group of hygromesophytes. Numerous macro-
and mesothermal ferns, laurel and magnolia species have fallen off. The number
of arctotertiary elements is significantly increased and this change is particularly
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could due both to climate change or incompleteness of fossil record. As regard
the precipitation the CA-intervals are wider — between 843 and 1,297 mm. It is
worth to note that the Besserabian macroflora comprise more xeric and semi-xeric
floristic elements that could suggest some drying of the climate during that period.
This is in agreement with results from CA-analysis of palynological data which
suggest drying at very late Bessarabian and early Chersonian (IVANOV ET AL. 2002).

The pollen data for Bessarabian shows that the palacoclimate is most similar to
the Volhynian (Table 2; Fig. 5). However, at the end of this stage a slight decrease
in MAT is indicated in cores C-12 Deleina and and C-1 Drenovets. Thus the end of
the Bessarabian represents the starting point for the climatic changes occurring in
the Chersonian. This latter substage is characterised by lower values in almost all
climate parameters (Fig. 5). MAT coexistence intervals are 13.3 (14.4) to 17.2 °C,
corresponding to a decrease of the lower boundary of about 2 °C as compared to
the Bessarabian and Volhynian. A similar cooling is observed for the TCM with the
lower boundary of the coexistence intervals changing from 5 °C in the Volhynian/
Bessarabian to 1.7 °C in the Bessarabian/Khersonian (IvANOV ET AL. 2002). The
lower boundary of the coexistence interval for the summer temperature (TWM) also
decreases by about 2 °C. But the most significant change occurs in the mean annual
precipitation. The climatic estimates for the end Bessarabian (Fig. 5) indicate that
the climate was slightly cooler (particularly in winter) and significantly drier. This
could mean a greater seasonality and probably more or less pronounced dry period
in the summer.

Comparison of all data, received from different observed floras showed, that
nevertheless some differences, in all cases there was a good relation between
climate and plants. We observed some of deviations in quantities, but they varied
in small limits. These deviations could due to several factors, in our case more
appropriate is to suggest that completeness of paleofloristic data, and the applied
paleobotanical method, which discloses different floristic components, influenced
in major part the preciseness and correctness of results.

CONCLUSION

The Volhynian and Bessarabian in Northwest Bulgaria were periods of
subtropical or warm-temperate and humid climate, with small fluctuations in
palacoclimatic parameters as evidence from bouth macropaleobotanical and
palynological data. The correlation between climate data derived from macro- and
microfloras shows coincidence as regard all parameters, nevertheless that different
taxa determine coexistence intervals. In some cases, the macropaleobotanical data
provide narrow climate interval, that is explain by better taxonomic resolution
and better identification of NLRs (e.g. at species level). The recognition of NLRs
for pollen taxa is usually at genus level. The application of both palacoclimate
recovery methods has the advantage of obtaining both more accurate climate data
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and tracking climate change in more detail throughout the study period.
CONFLICT OF INTERESTS

The author declares that there is no conflict of interest regarding the publication
of this article.

ACKNOWLEDGEMENTS

This work was supported by the National Science Program "Environmental
Protection and Reduction of Risks of Adverse Events and Natural Disasters",
approved by the Resolution of the Council of Ministers Ne 577/17.08.2018 and
supported by the Ministry of Education and Science (MES) of Bulgaria (Agreement
Ne DO1- 230/06.12.2018 and Ne DO1-322/18.12.2019). It is a contribution to the
International Network Program NECLIME (www.neclime.de).

References

BiLTexIN D., PoPescU S.-M., Suc J.-P., QuizeL P., JIMENEZ-MORENO G., YAvUZ N.
& CAGATAY M. N. 2015. Anatolia: A long-time plant refuge area documented
by pollen records over the last 23 million years. - Review Palacobotany
Palynology 215: 1-22.

Durak S. D. U. & AkkiRAzZ M. S. 2016. Late Oligocene—Early Miocene
palacoecology based on pollen data from the Kalkim-Génen Basin (Northwest
Turkey). - Geodinamica Acta 28: 295-310.

Ivanov D. & Lazarova M. 2019. Past climate and vegetation in Southeast Bulgaria
— a study based on the late Miocene pollen record from the Tundzha Basin. —
Journal of Palaeogeography 8: 3-25.

Ivanov D., ASHRAF A. R., MOSBRUGGER V. & PALAMAREV E. 2002. Palynological
evidence for Miocene climate change in the Forecarpatian Basin (Central
Paratethys, NW Bulgaria). — Palacogeography, Palacoclimatology,
Palacoecology 178 (1-2): 19-37.

Ivanov D., Tsenov B., UTESCHER T., KovACOVA M., MOSBRUGGER V. & ASHRAF
A. R. 2019. Climate reconstructions based on Miocene leaf flora from NW
Bulgaria: Comparing leaf physiognomy and nearest living relative approach. -
Phytologia Balcanica 25 (2): 137-146.

Ivanov D., UTESCHER T., MOSBRUGGER V., SYABRYAJ S., DJORDIEVIC-MILUTINOVIC
D. & MoLcHANOFF S. 2011. Miocene Vegetation and Climate dynamics in
Eastern and Central Paratethys (Southeastern Europe). — Palacogeography,
Palacoclimatology, Palacoecology 304: 262-275.

IvanovD. & WoroBliec E. 2017. Middle Miocene (Badenian) vegetation and climate
dynamics in Bulgaria and Poland based on pollen data. — Palacogeography,

15


http://www.neclime.de

Palaecoclimatology, Palacoecology 467: 83-94.

Kayser1-Ozer M. S. 2017. Cenozoic vegetation and climate change in Anatolia
— A study based on the IPR-vegetation analysis. - Palacogeography,
Palacoclimatology, Palacoecology 467: 37-68.

KaYseErI-OzER M. S., KARADENIZLI L., AKGUN E., OyaL N., SARAC G., SEN S.,
TunoGLu C., & TuNcCeR A. 2017. Palaeoclimatic and palacoenvironmental
mterpretations of the Late Oligocene, Late Miocene-Early Pliocene in the
Cankin-Corum Basin. - Palacogeography, Palaeoclimatology, Palacoecology
467: 16-36.

KorumpaGieva E. & Popov N. 1986. Stratigraphy and correlation of the Neogene
in Mediterranean area: results and discussion (in Bulgarian). - Review of the
Bulgarian Geological Society 47 (3): 124-126.

KorumpaGieva E. & Porov N. 1989. Paleogeographie et evolution geodynamique
de la Bulgarie Septentrionale au Neogene. - Geologica Balcanica 19 (1): 73-
92.

Korumpaieva E., Porov N., STANCHEVA N. & DARAKCHIEVA S. 1989. Correlation
of the biostratigraphic subdivision of the Neogene in Bulgaria after mollusks,
foraminifers and ostracods. - Geologica Balcanica 19 (3): 9-22 (In Russian,
English abstract).

MeuLenkaMP J. E. & SissingH W. 2003, Tertiary palacogeography and
tectonostratigraphic evolution of the Northern and Southern Peri-Tethys
platforms and the intermediate domains of the African-Eurasian convergent
plate boundary zone. — Palacogeography, Palacoclimatology, Palacoecology
196 (1-2): 209-228.

MosBRUGGER V. & UTesCHER T. 1997. The coexistence approach — a method for
quantitative reconstructions of Tertiary terrestrial palacoclimate data using
plant fossils. — Palacogeography, Palacoclimatology, Palacoecology 134: 61-
86.

Paramarev E. & Ivanov D. 2001. Charakterziige der Vegetation des Sarmatien
(Mittel- bis Obermiozén) im slidlichen Teil des Dazischen Beckens (Stidost
Europa). - Palacontographica Abteilung B 259: 209-220.

ParaMmarey E. & PETKOVA A. 1987, Sarmatian macroflora. — In: Tzankov V. (Ed.),
Fossils of Bulgaria. Bulgarian Academy of Sciences Publishing House, Sofia,
8 (1): 3-275 (In Bulgarian with French summary).

PaLAaMAREV E. 1988. Schefflera chandlerae sp. nov., a new subtropical element in
the Bulgarian Neogene Flora. — Tertiary Research 9 (1-4): 97-106.

Paramarev E. 1989. Palacobotanical evidences of the Tertiary history and origin of
the Mediterranean sclerophyll dendroflora. - Plant Systematics and Evolution
162: 93-107.

PaLamarev E. 1990. Grundziige der paldofloristischen Paldosukzessionen im
Spatmiozén (Sarmatien-Pontien) Bulgariens. — In: Proceedings of the
Symposium Paleofloristic and Paleoclimatic Changes in the Cretaceous and

16



Tertiary, Prague, August 28th - September 1%, 1989, 257-263.

PaLAMAREV E. 1993. Uber die Tetrifire Geschichte der Gattung Juglans L. in
Bulgarien. - Acta Palaecobotanica 33 (1): 299-307.

PaLamarev E., Bozukov V., UzuNnova K., PETkOVA A. & Kitanov G. 2005.
Catalogue of the Cenozoic plants of Bulgaria (Eocene to Pliocene). - Phytologia
Balcanica 11(3): 215-364.

Pross JI., BRucH A. & KvAacek Z. 1998. Palidoklima-Rekonstruktionen fiir den
Mittleren Rupelton (Unter-Oligozén) des Mainzer Beckens auf der Basis
mikro- und makrobotanischer Befunde. — Mainzer geowissenschaftliche
Mitteilungen 27: 79-92.

RoaGL F. 1998, Palacogeographic considerations for Mediterranean and Paratethis
Seaways (Oligocene to Miocene). — Annalen des Naturhistorischen Museums in
Wien, Serie A flir Mineralogie und Petrographie, Geologie und Paldontologie,
Anthropologie und Préhistorie 99: 279-310.

UnL D., MoSBRUGGER V., BrRucH A. & UTesCHER T. 2003. Reconstructing
palacotemperatures using leaf floras — case studies for a comparison of leaf
margin analysis and the coexistence approach. - Review of Palacobotany and
Palynology 126 (1-2): 49-64.

UTESCHER T., MOSBRUGGER V. & ASHRAF A. R. 2000. Terrestrial climate evolution
in Northwest Germany over the last 25 million years. - Palaios, 15: 430-449.

UTeSCHER T. & MOSBRUGGER V. 2015. The Palacoflora Database. Last accessed on
215 April 2020 at: http://www.palacoflora.de/

UtescHeEr T., UTeEscHER T., BRUuCH A.A., ErDEI B., Francois L., Ivanov D.,
Jacques F. M. B., KErN A. K., Liu Y.-S. C., MOSBRUGGER V. & SPICER
R. A. 2014. The Coexistence Approach-Theoretical background and
practical considerations of using plant fossils for climate quantification. -
Palacogeography, Palacoclimatology, Palacoecology 410: 58-73.

Yavuz N., CuLHA G., DEMIRER S.S., UTEscHER T. & AYDIN A. 2017. Pollen,
ostracod and stable isotope records of palacoenvironment and climate: Upper
Miocene and Pliocene of the Cankiri Basin (Central Anatolia, Turkey). -
Palacogeography, Palacoclimatology, Palacoecology 467: 149-165.

Received 21 April 2020
Accepted 7" May 2020

17


http://www.palaeoflora.de/

	Dimiter Ivanov - Macro- and micropalaeobotanical evidences for late Middle Miocene climate change in Bulgaria

