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Preface  

This project has been funded by the DFG (German Research Foundation) as a single 

project (Wi 725/19-1/-2) with the title “Reaktionen kalkiger Dinoflagellaten auf drastische 

Umweltveränderungen und Stresssituationen im Zusammenhang mit der Salinitätskrise des 

Messinian Event.” The project was developed and implemented as a cumulative dissertation 

under supervision of Prof. Dr. Helmut Willems and guidance of Dr. Gerard J.M. Versteegh 

and supported by cooperating groups from the Netherlands (University of Utrecht) and France 

(Muséum National d'Histoire Naturelle; Université de Paris-Sud).  

The thesis comprises three first-authorship manuscripts which are already published 

(Chapter 2, 3) or submitted (Chapter 4) for publication in peer-reviewed international 

scientific journals. The manuscripts are preceded by a summary and a general introduction 

(Chapter 1) followed by conclusions and future perspectives (Chapter 5). References are 

given at the end of each chapter. Chapter 1 provides an introduction to the group of 

dinoflagellates in general and in particular to the calcareous cyst producing dinoflagellates 

implying its application, classification and methods used. In addition it provides background 

information relevant to this thesis regarding the Mediterranean Sea, the Messinian salinity 

crisis (MSC) and the study area.  
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Summary 

Marine microorganisms and their fossil relics (microfossils) play an important role in 

inferring past climatic and environmental changes. Preserved in the sedimentary records of 

the oceans, each group of these microfossils and its individual species provide different 

information about the climatic and environmental conditions in the water-column during their 

life time (e.g. temperature, salinity, nutrients). Therefore, past climatic and environmental 

conditions can be reconstructed by the use of different types of microfossils as proxies. 

Calcareous cyst producing dinoflagellates (calcareous dinoflagellates) were shown to have a 

high proxy potential, since they are geographically widespread in marine environments, 

highly responsive to environmental changes, resistant to calcite dissolution, and have a long 

stratigraphic range. Thus, they provide a good fossil record. This fossil record reflects the 

environmental conditions in the surface waters during their life time. Previous research on 

modern and living calcareous dinoflagellates has notably increased our knowledge of their 

ecology and environmental relationships. Their temporal and spatial distribution is strongly 

correlated with the environmental parameters of the surface waters and certain species are 

excellent indicators for specific environmental conditions. Furthermore, several studies on 

Quaternary sediments have confirmed their usability for environmental reconstructions. 

However, these studies mainly focused on Quaternary records derived from surface 

sediments. Palaeoenvironmental reconstructions based on older fossil calcareous 

dinoflagellates, especially of Tertiary age and from the Mediterranean realm, are very rare. 

From the Mediterranean region, only a few and primarily descriptive studies have been 

carried out on fossil calcareous dinoflagellates from pre-Quaternary sedimentary sequences. 

Consequently, only little is known about their potential for environmental reconstructions 

from this region. A major reason for this gap is that studies on fossil (Mesozoic/Tertiary) 

material used to be based on a time consuming single specimen picking method and a 

subsequent semi-quantitative analysis under the scanning electron microscope (SEM). 

Therefore, the major aim of this thesis is to demonstrate the applicability of fossil (pre-

Quaternary) calcareous dinoflagellates as a tool for palaeoenvironmental reconstructions and 

to expand the existing knowledge by applying a faster and competitive method.  

One of the most attractive natural laboratories to study past environmental and 

climatic changes is the Mediterranean Sea. Due to its nearly enclosed nature and its special 

geographic position, it reacts very sensitively to climatic changes. Therefore, marine 

Mediterranean sedimentary sequences provide a unique archive of astronomically induced 
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past climatic and hydrological variations. During the Neogene, the Mediterranean region 

underwent extreme geodynamic processes and environmental changes. One of the most 

outstanding events is the Messinian salinity crisis (MSC) at the end of the Messinian stage. 

Because of this event, large contrasts were established in the environmental conditions, 

spatially and temporally. Hence, this event is very well suited to prove the response of 

calcareous dinoflagellates to drastic environmental changes and their applicability for 

palaeoenvironmental reconstructions. This is a primary justification for the study of the 

evolution of calcareous dinoflagellates in relation to the environmental changes preceding and 

following the MSC on an east-west transect through the Mediterranean. 

Herewith, we present the first detailed study on calcareous dinoflagellates that 

systematically investigated their evolution with respect to the MSC on selected land sections 

from the Mediterranean realm.  

After the first pilot studies, it became obvious that we had to modify our initial 

approach. First, we had to reduce the range of our east-west transect and in return increase the 

number of samples in order to obtain long- and short-term trends. As the most suitable land 

sections for our study, we selected the Pissouri Basin on Cyprus (eastern Mediterranean) and 

the Caltanissetta Basin on Sicily (central Mediterranean). Both locations provide almost 

complete sedimentary successions of the stratigraphic intervals preceding and following the 

MSC. Second, we had to modify the existing method established for Quaternary calcareous 

dinoflagellate studies. For quantification, originally we wanted to use the faster polarised light 

microscope technique (PLM). However, this turned out to be not feasible for our sample 

material. Therefore, we had to modify/develop a new and competitive method for the 

quantification under the SEM. 

Our first study focused on the evolution of the calcareous dinoflagellate assemblages 

in the Pissouri Basin prior to (upper Tortonian/pre-evaporitic Messinian) and immediately 

after (early Pliocene, 5.33 Ma) the MSC. The deposits from the Pissouri Basin represent an 

intermediate water depth of about 300 to 500 m. We analysed 41 samples from the marl 

layers only. Our results show that the late Miocene/early Pliocene calcareous dinoflagellate 

associations are very different compared to those of the Mediterranean today where 

Thoracosphaera heimii overwhelmingly dominates, followed by Calciodinellum levantinum 

in the western and Lebessphaera urania in the eastern basin. The upper Tortonian/lower 

Messinian assemblages are clearly dominated by Calciodinellum albatrosianum, indicating 

relatively stable, warm, and oligotrophic surface water conditions. A significant drop of C. 

albatrosianum at ~6.42 Ma initiated a phase of drastic and frequent changes in the surface 
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water conditions, characterised by extreme shifts in species dominance and an overall 

decrease in total cyst concentrations. This phase continued up to shortly before (~5.98 Ma) 

the onset of the MSC (5.96 Ma). Three main environmental phases have been distinguished 

prior to the MSC, followed by a significant change in the environmental conditions 

immediately after the MSC (~5.33 Ma). In the first phase (upper Tortonian), C. albatrosianum 

clearly dominates the calcareous dinoflagellate associations with high cyst concentrations, 

indicating extremely oligotrophic and stable warm surface water conditions, associated with a 

warm and dry climate with low continental influence. However, two notable drops at about 

7.53 Ma and 7.24 Ma in total cyst numbers indicate short-term cooling of the surface waters, 

associated with a slight increase of continental influence (C. stella/L. granifera) and salinity 

(L. urania). In the second phase (lower Messinian), C. albatrosianum still dominates although 

its total cyst abundance strongly decreased, indicating a decrease in the surface water 

temperature, again associated with higher continental influence (C. stella) and salinity (L. 

urania). These modifications during the  lower  Messinian  interval possibly  reflect  the  

beginning  of  more  unstable  and restricted  conditions  caused  by  the  MSC. With the third 

phase, a significant change in the surface water conditions occurred, indicating highly 

unstable and restricted conditions. C. albatrosianum for the first time lost its permanent 

dominant position. At the same time, other species indicative for enhanced continental 

influence temporarily increased. With the beginning of the Pliocene, the association again 

significantly changed. Specifically, L. granifera replaced C. albatrosianum as the dominant 

species. 

In the second study, we investigated the first 100 kyrs of the earliest Pliocene 

(Zanclean) following the MSC, again on samples from the Pissouri Basin on Cyprus. A total 

of 14 samples of marine marls (Trubi facies) were analysed. The marine sedimentary record 

represents a water depth of at least 300 m. Based on the shifts in calcareous dinoflagellate 

dominance, we differentiated between three intervals. The first is strongly dominated by L. 

granifera. This indicates highly eutrophic surface water conditions, lower salinities and 

moderate temperatures. These conditions we related to increased continental runoff and 

upwelling driven by an estuarine circulation. The second interval starts with a significant drop 

of L. granifera and an increase of C. albatrosianum and C. stella, indicating decreased 

nutrient concentrations, raised salinities and increased surface water temperatures (SST). This 

change in the surface water conditions represents a general shift in the climatic and 

hydrologic situation towards more dry and somewhat warmer conditions, and the beginning 

of an anti-estuarine circulation. The third phase is initiated by a distinct drop of C. stella, 
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associated with an increase of L. urania and Rhabdothorax spp. This in general indicates a 

further decrease of the nutrient concentrations in the surface waters, whereas the increase of 

Rhabdothorax spp. may be related to the normalisation of bottom water conditions 

(sedimentary resting cyst stage) and the beginning of a higher seasonality. At the end of this 

interval, T. heimii for the first time notably increased and became the dominant species. This 

third phase denotes the establishment of typical open marine, well stratified and oligotrophic 

surface water conditions, similar, but not yet identical to the conditions prevailing in the 

Mediterranean today. 

In the third study from the central Mediterranean Caltanissetta Basin on Sicily, we 

again investigated the sedimentary records preceding (upper Tortonian/pre-evaporitic 

Messinian) and following the MSC (the first ~120 kyrs of the Pliocene). In order to study a 

deeper basin setting, we selected the Gibliscemi, Falconara (Tortonian/Messinian) and 

Eraclea Minoa section (early Pliocene) as a composite. The estimated water depth is about 

1200 m. Altogether, we analysed 63 samples from the marl and sapropel layers to reveal 

short- and long-term environmental changes. We distinguished seven major environmental 

phases, of which three we assigned to the upper Tortonian/Messinian and four to the early 

Pliocene sequence. The first phase is characterised by highly oligotrophic conditions with 

fluctuations in SST and salinity as indicated by C. albatrosianum, P. tuberosa and L. urania. 

C. albatrosianum dominates the associations more or less distinctly, except for the uppermost 

sample. Here (~7.51 Ma), a significant drop of this species indicates a short-term cooling of 

the surface water. In the following interval, C. albatrosianum dominates again. However, 

some notable shifts in relative and absolute abundance and the temporal increase of other 

species, such as L. granifera, P. parva and Rhabodothorx spp., indicate fluctuations in SST, 

salinity, nutrient concentrations and continental influence. A major drop of C. albatrosianum 

at 7.17 Ma indicates a cooling of the surface water. The third phase started with a drastic and 

abrupt change (at ~6.78 Ma) in the dinoflagellate cyst association, marked by drastic shifts in 

species dominance, episodic exceptional peak occurrences of T. heimii and C. albatrosianum 

(e.g. at ~6.52 Ma and ~6.47 Ma) and barren samples (i.e. ~6.67 Ma and ~6.63 Ma), and the 

complete disappearance of calcareous dinoflagellates at about 6.0 Ma. With the onset of the 

Pliocene (5.33 Ma), fully marine conditions were established and L. granifera clearly 

replaced C. albatrosianum. It was initiated by a prominent peak occurrence of L. granifera, 

indicating relatively cool and highly eutrophic conditions in the surface water. To explain 

this, we suggest intensified continental runoff in combination with local upwelling, the latter 

activated by an early estuarine circulation system, and a cooler and more humid climate 
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phase. After a transitional period of about 120 kyrs, C. albatrosianum again became 

dominant. This indicates a renewed change in the hydrological and climatic conditions, from 

eutrophic and somewhat cooler surface waters (humid and cool climate) towards warmer and 

oligotrophic conditions (warm and arid climate), most likely associated with a change from an 

estuarine to anti-estuarine system, similar to prevailing conditions today in the Mediterranean 

Sea. However, the terminal Pliocene dinoflagellate association still differs from that of the 

present Mediterranean. Some of the most common species in the Mediterranean Sea currently 

(Thoracosphaera heimii, Lebessphaera urania, Calciodinellum levantinum) are still strongly 

underrepresented or even missing (Calciodinellum elongatum). On the other hand C. 

albatrosianum – the dominating species of our final Pliocene record - today accounts for no 

more than 5% of the Mediterranean dinoflagellate associations. This suggests that water 

surface temperatures were still warmer and that seasonality was less pronounced.  

The comparison of our data from Sicily and Cyprus has shown that the main 

environmental trends, as reflected by the dinoflagellate cyst record, are in general accordance. 

However, some obvious deviations in the distribution pattern indicate local differences in 

tectonic activity, hydrology and climate of the eastern and central Mediterranean basins. 

This thesis proved the applicability of fossil calcareous dinoflagellates for 

palaeoenvironmental reconstructions of the Late Neogene Mediterranean. It enhances the 

knowledge about both the spatial and temporal evolution of Neogene calcareous 

dinoflagellates in the central and eastern Mediterranean realm. In addition this study extends 

our knowledge about the environmental conditions preceding and following the MSC. 

Furthermore, it provides new insight into the hydrological conditions prevailing during 

sapropel and marl formation in the Mediterranean. Therefore, Neogene calcareous 

dinoflagellates represent a valuable tool for future palaeoenvironmental studies. 
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Zusammenfassung 

Bei der Entschlüsselung vergangener Klima- und Umweltveränderungen spielen 

marine Mikroorganismen und deren fossile Überreste (Mikrofossilien) eine wichtige Rolle. 

Die verschiedenen Mikrofossilgruppen und deren einzelne Arten liefern unterschiedliche 

Informationen über die klimatischen und ökologischen Bedingungen zum Zeitpunkt ihres 

Lebens in der Wassersäule (z.B. Temperatur, Salzgehalt, Nährstoffe). Durch die Verwendung 

verschiedener Mikrofossilien als Stellvertreter (Proxy) für bestimmte Umweltfaktoren, 

können diese für die Rekonstruktion der Umweltbedingungen in den Ozeanen der 

Vergangenheit herangezogen werden. Kalkige Dinoflagellatenzysten haben ihr Proxy-

Potential bereits in verschiedenen Studien gezeigt. Sie sind in den Ozeanen weit verbreitet, 

reagieren sensitiv auf Änderungen ihrer Umgebung, haben eine hohe stratigraphische 

Reichweite und sind aufgrund ihrer Resistenz gegen Kalkauflösung gut in marinen 

Sedimenten erhalten und liefern somit eine beträchtliche Datenbasis. An dem Vorkommen der 

Dinoflagellaten in den Sedimenten können daher die Umweltbedingungen im 

Oberflächenwasser zu ihren Lebzeiten abgelesen werden. In den letzen Jahren durchgeführte 

Studien an modernen und lebenden kalkigen Dinoflagellaten haben unser Wissen über die 

Ökologie und Umweltbeziehungen der Dinoflagellaten merklich vergrößert. Ihre räumliche 

und zeitliche Verteilung korreliert mit den Umgebungsparametern des Oberflächenwassers 

und bestimmte Arten sind exzellente Indikatoren für spezifische Umweltbedingen. 

Mittlerweile haben diverse Studien an quartären Sedimenten ihre Nützlichkeit für die Paläo-

Rekonstruktion bestätigt. Es muss jedoch angemerkt werden, dass diese Studien sich 

ausschließlich auf quartäre Oberflächensedimente fokussierten. Paläorekonstruktionen an 

älterem fossilem Material, insbesondere des Tertiärs und aus dem Mittelmeerraum, wurden 

nur selten durchgeführt. Bislang gibt es für den Mittelmeerraum nur ein paar wenige und 

primär beschreibende Studien über kalkige Dinoflagellaten an prä-quartären 

Sedimentabfolgen. Folglich ist wenig über ihr Potential für die  Rekonstruktion der 

Umweltbedingen der älteren (z.B. Tertiär) geologischen Vergangenheit bekannt. Ein Grund 

dafür ist, dass das fossile Material mit einem zeitlich sehr aufwändigen Selektions-Verfahren 

(Auspicken einzelner Zysten) und nachfolgender semi-quantitativer Analyse unter dem 

Rasterelektronenmikroskop (REM) ausgewertet wurde. Ein wesentliches Ziel dieser 

Doktorarbeit ist daher die Überprüfung der Anwendbarkeit der fossilen prä-quartären 

kalkigen Dinoflagellaten für die Paläo-Rekonstruktion und die Erweiterung des bestehenden 
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Wissens auf Basis der Weiterentwicklung der etablierten Methodik hin zu einem schnelleren 

und konkurrenzfähigen quantitativen Auswerteverfahren.  

Eines der attraktivsten natürlichen Laboratorien zum Studium vergangener 

Umweltbedingungen und klimatischer Änderungen ist das Mittelmeer bzw. der  

Mittelmeerraum. Aufgrund der geographischen Position und der annähernden 

Abgeschlossenheit reagiert das Mittelmeer sehr sensitiv auf klimatische Änderungen. Die 

mediterranen marinen Sedimentabfolgen stellen ein einzigartiges Archiv von astronomisch 

induzierten vergangenen Klimata und hydrologischen Variationen dar. 

Während des Neogens war die Mittelmeerregion extremen geodynamischen Prozessen 

und klimatischen Veränderungen ausgesetzt. Eines der einschneidendsten Ereignisse ist die 

Salinitätskrise (MSC) des Mittelmeers am Ende des Messiniums. Im Verlauf dieses 

Ereignisses bildeten sich starke räumliche und zeitliche Kontraste in den Umweltbedingungen 

heraus. Daher ist die Salinitätskrise besonders gut geeignet, um die Auswirkung der 

drastischen Umweltveränderungen auf die Dinoflagellaten zu untersuchen und damit deren 

Potential für die Paläorekonstruktion zu überprüfen. Deshalb wollten wir die Evolution der 

kalkigen Dinoflagellaten im Bezug auf die Umweltveränderungen  vor und nach der 

Salinitätskrise auf einem Ost-West Transekt durch das Mittelmeer untersuchen. Mit dieser 

Studie präsentieren wir zum ersten Mal eine detaillierte und systematische Untersuchung der 

Evolution der kalkigen Dinoflagellaten im Zusammenhang mit der Salinitätskrise an 

ausgewählten Landaufschlüssen des Mittelmeerraumes. 

Nach den ersten Pilotstudien wurde offensichtlich, dass wir den initialen Ansatz 

modifizieren mussten. Zum einen mussten wir aufgrund des abzusehenden großen Aufwandes 

den Schnitt durch das Mittelmeer auf ein paar ausgewählte Lokalitäten reduzieren und dafür 

aber die Probenanzahl erhöhen, um langzeitige und kurzzeitige Trends besser erfassen zu 

können. Als am Besten geeignet  für unsere Studien wählten wir Landaufschlüsse im Pissouri-

Becken auf Zypern (östliches Mittelmeer) und im Caltanissetta-Becken auf Sizilien (zentrales 

Mittelmeer) aus. In beiden Lokalitäten befinden sich  nahezu komplette und gut erschlossene 

Abfolgen des stratigraphischen Intervalls vor  und nach der Salinitätskrise. Außerdem 

mussten wir die, für Studien an quartären kalkigen Dinoflagellaten etablierte Methodik 

modifizieren bzw. teilweise neu entwickeln. Eigentlich wollten wir für die Quantifizierung 

ebenfalls die, sich für das Quartär etablierte, Polarisationslichtmikroskopische (PLM) 

Methodik verwenden. Dieses Verfahren stellte sich aber als nicht geeignet für unser 

Probenmaterial heraus. Daher modifizierten bzw. entwickelten wir eine neue Methode für die 

effiziente Quantifizierung unter dem REM. 
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Unsere erste Studie befasste sich mit der Entwicklung der kalkigen Dinoflagellaten 

Assoziationen im Pissouri-Becken in der prä-evaporitischen Phase der Salinitätskrise und 

unmittelbar nach der Krise (frühes Pliozän, 5.33 Ma). Die Ablagerungen im Pissouri-Becken 

repräsentieren eine mittlere Wassertiefe von ca. 300 bis 500 Metern. Insgesamt untersuchten 

wir 41 Proben aus den Mergel-Lagen. Unsere Ergebnisse zeigen, dass sich die Dinoflagellaten 

Assoziationen des späten Miozäns bzw. frühen Pliozäns deutlich von denen des heutigen 

Mittelmeeres unterscheiden, in dem Thoracosphaera heimii klar die Kalkdinoflagellaten 

Assoziationen dominiert, gefolgt von Calciodinellum levantinum im westlichen und 

Lebessphaera urania im östlichen Becken. Die Zusammensetzung der Assoziationen des 

oberen Tortoniums und unteren Messiniums dagegen werden klar von C. albatrosianum 

dominiert, welches wir mit relativ warmen und stabilen Oberflächenwasser-Bedingungen in 

Verbindung gebracht haben. Ein starker Abfall von C. albatrosianum um 6.42 Ma initiierte 

dann eine Phase von starken und häufigen Änderungen in den Bedingungen des 

Oberflächenwassers, angezeigt durch extreme Verschiebungen in der Artendominanz und 

einem allgemeinen Abfall der Zystenhäufigkeiten. Diese Phase dauerte an bis kurz vor dem 

Anfang (~5.98 Ma) der Salinitätskrise. Insgesamt konnten wir drei Phasen bis zur 

eigentlichen Salinitätskrise ausmachen. Nach der Salinitätskrise (5.33 Ma) fand eine erneute 

deutliche Veränderung in den Umweltbedingungen statt. In der ersten Phase (oberes 

Tortonium)  wurde die Dinoflagellaten Assoziation klar von C. albatrosianum dominiert, 

begleitet von hohen absoluten Häufigkeiten. Dieses zeigt extrem oligotrophe und stabile 

warme Bedingungen im Oberflächenwasser, welche mit einem warmen und trockenen Klima 

und geringen kontinentalen Einflüssen assoziiert werden können. Es gibt jedoch auch zwei 

merkbare Abfälle in den totalen Zystenkonzentrationen um ca. 7.53 Ma und 7.24 Ma, welche 

für kurzzeitige Abkühlung im Oberflächenwasser stehen, assoziiert mit einer Zunahme des 

kontinentalen Eintrags (C. stella / L. granifera) und der Salinität (L. urania). In der zweiten 

Phase (unteres Messiniums) war C. albatrosianum weiterhin dominant, wenn auch mit stark 

reduzierter Zystenkonzentration. Dieses steht für eine Abnahme der Wassertemperaturen 

begleitet von einem höheren kontinentalen Einfluss (C. stella) und höherer Salinität (L. 

urania). Diese Veränderungen stellen erste Anzeichen der Salinitätskrise dar. Die dritte Phase 

ist gekennzeichnet durch eine signifikante Änderung der Oberflächenwasserbedingungen 

aufgrund der, durch die Salinitätskrise verursachten. zunehmenden Instabilität und 

Einschränkung des mediterranen Raumes. C. albatrosianum  verlor ihre bis dahin 

uneingeschränkte Dominanz wenn auch mit gelegentlichen Erholungen. Zur gleichen Zeit 

stiegen die Konzentrationen  anderer Arten temporär an. Mit dem Beginn des Pliozäns 
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veränderten sich die Dinoflagellaten Assoziationen erneut. Die Zystenkonzentrationen stiegen 

wieder an und L. granifera verdrängte jetzt C. albatrosianum als dominierende Art.  

In der zweiten Studie untersuchten wir die ersten 100 ka des frühen Pliozäns 

(Zanklium) nach der Salinitätskrise, wiederum an Proben aus dem Pissouri-Becken auf 

Zypern. Insgesamt untersuchten wir 14 Proben aus den marinen Mergeln (Trubi  Fazies). Die 

marinen Sedimente repräsentieren Wassertiefen von mindestens 300 Metern. Basierend auf 

den Verschiebungen der Dinoflagellaten Dominanzen konnten wir drei Intervalle 

differenzieren. Ersteres wird dominiert von L. granifera, welches hohe Eutrophierung des 

Oberflächenwassers, eine Verringerung der Salzkonzentration und kühlere Temperaturen 

reflektiert. Diese Bedingungen lassen sich mit vermehrtem kontinentalen Eintrag und 

Auftrieb, verursacht durch eine estuarine Zirkulation, assoziieren. Das zweite Interval startet 

mit einem starken Abfall von L. granifera und einer Zunahme von C. albatrosianum und C. 

stella, welches ein Zeichen für abnehmende Nährstoffkonzentration und angestiegener 

Salinität und Oberflächenwassertemperatur ist. Diese Veränderungen in den 

Oberflächenwasserbedingungen stellen eine generelle Verschiebung der klimatischen und 

hydrologischen Situation dar, hin zu trockeneren und etwas wärmeren Bedingungen und dem 

Beginn einer anti-estuarinen Zirkulation. Mit der dritten Phase fiel C. stella stark ab und L. 

urania und Rhabdothorax spp. stiegen in ihrer Konzentration an. Dieses reflektiert die weitere 

Abnahme der Nährstoffkonzentration im Oberflächenwasser, wobei der Anstieg von 

Rhabdothorax spp. vermutlich mit der Normalisierung der Bedingungen im Bodenwasser 

(Ausbildung von Ruhe-Zysten) und dem Beginn einer größeren Saisonalität in Verbindung 

gebracht werden kann. Am Ende dieses Intervalls stieg die Konzentration von T. heimii zum 

ersten Mal merklich an und sie wurde damit zur dominierenden Art in der Dinoflagellaten 

Assoziation. Mit dieser dritten Phase stellten sich typische offenmarine Bedingungen ein, mit 

gut stratifizierten und oligotrophen Oberflächenwasserbedingungen, die den heutigen 

Bedingungen im Mittelmeer nahe kommen. 

In unserer dritten Studie untersuchten wir erneut die Sedimentabfolgen vor und nach 

der Salinitätskrise, diesmal aber an Proben aus dem Caltanissetta-Becken auf Sizilien. Die 

Ablagerungen der Gibliscemi, Falconara und Eraclea Sektion stellen Sedimente aus einem 

tiefen Becken mit Wassertiefen von ca. 1200 Metern dar. Insgesamt untersuchten wir 63 

Proben aus Mergel und Sapropel Schichten, um kurzfristige und langfristige Änderungen zu 

erfassen. Wir konnten sieben wesentliche Phasen ausmachen. Drei davon haben wir dem 

oberen Tortonium / Messinium und vier dem frühem Pliozän zugerechnet. Die erste Phase  
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ist charakterisiert durch hohe Nährstoffarmut mit Fluktuationen in der 

Oberflächenwassertemperatur und Salinität,  angezeigt durch die Arten C. albatrosianum, P. 

tuberosa und L. urania. C. albatrosianum dominiert die Assoziation mehr oder weniger 

deutlich mit Ausnahme der jüngsten Probe. In dieser zeigt der Abfall dieser Spezies um ca. 

7.51 Ma eine kurzfristige Abkühlung der Oberlächenwassertemperaturen an. In dem darauf 

folgenden Intervall dominierte C. albatrosianum wieder, was erneute relativ stabile warme 

und oligotrophe Bedingungen anzeigt. Dennoch sind die gelegentlichen, aber  deutlichen 

Verschiebungen in den relativen und absoluten Häufigkeiten, sowie die temporären Anstiege 

anderer Arten wie L. granifera, P. parva und Rhabdothorax spp.,  ein Indiz auf Fluktuationen 

in den Oberflächenwassertemperaturen, den Nährstoffkonzentrationen und dem kontinentalen 

Einfluss in diesem Intervall. Der merkliche Abfall von C. albatrosianum um 7.17 Ma. steht 

dabei beispielhaft für kühlere Oberflächenwassertemperaturen, assoziiert mit einem stärkeren 

kontinentalen Einfluss. Die dritte Phase startet mit einer drastischen Veränderung der 

Dinoflagellaten Assoziation um ca. 6.78 Ma. Im Durchschnitt fiel  C. albatrosianum  stark ab 

und es gab starke Verschiebungen der Speziesdominanz, episodisches Auftreten von 

besonders großen Häufigkeiten von T. heimii und C. albatrosianum  ( z.B. um 6.52 Ma und 

6.47 Ma), gelegentliche Proben ohne Zysten und schließlich das komplette Verschwinden 

kalkiger Dinoflagellaten  gegen 6.0 Ma. In der ersten Phase des Pliozäns waren dann 

vollmarine Bedingungen wieder hergestellt und L. granifera verdrängte C. albatrosianum als 

dominierende Spezies, iniziiert durch einen markanten Anstieg dieser Art, assoziiert mit 

relativ kühlen und oligotrophen Bedingungen im Oberflächenwasser. Außerdem schlagen wir 

für diese Phase einen erhöhten kontinentalen Eintrag,  in Kombination mit lokalem Auftrieb, 

vor, letzterer aktiviert durch eine frühe estuarine Zirkulation, und eine kühlere und etwas 

humidere klimatische Phase. Nach einer Übergangsphase von ca. 120 ka übernahm C. 

albatrosianum erneut die Vormachtstellung in der Zystenassoziation. Dieses zeigt den 

erneuten Übergang von eutrophen und kühleren (feuchtes und kaltes Klima)  hin zu wärmeren 

und oligotrophen (warmes und arides Klima) Bedingungen. Dieser Übergang war vermutlich 

auch mit einem Wechsel von einer estuarinen hin zu einer anti-estuarinen Zirkulation 

verbunden, wie sie im heutigen Mittelmeer anzutreffen ist. Dennoch unterscheidet sich die 

Dinoflagellaten Assoziation noch deutlich von der des heutigen Mittelmeeres. Die im 

heutigen Mittelmeer  am häufigsten auftretenden Dinoflagellaten Arten (T. heimii, L. urania, 

C. levantinum) sind stark unterrepräsentiert oder fehlen vollständig wie z.B. C. elongatum. 

Die dominierende Art unseres abschließenden Pliozän Intervalls, C. albatrosianum, dagegen 

macht heutzutage im Mittelmeer nicht mehr als 5% der Dinoflagellatenassoziation aus. 
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Der Vergleich unserer Daten von Sizilien und Zypern zeigt eine generelle 

Übereinstimmung der Trends. Wie auch immer, die offensichtlichen Abweichungen in den 

Verteilungsmustern stehen für lokale Unterschiede in der tektonischen Aktivität, Hydrologie 

und dem Klima, im Bereich des östlichen und westlichen Mittelmeerraumes. 

Wir konnten mit dieser Dissertation die Anwendbarkeit fossiler kalkiger  

Dinoflagellaten für die Rekonstruktion vergangener Umweltbedingungen am Beispiel des 

neogenen  Mittelmeeres verifizierten. Diese Arbeit hat unser Wissen sowohl über die 

räumliche als auch zeitliche Evolution neogener kalkiger Dinoflagellaten im zentralen und 

östlichen Becken des Mittelmeeres erweitert. Darüber hinaus konnten wir neue Erkenntnisse 

über die Umweltbedingungen vor und nach der Salinitätskrise gewinnen. Ebenfalls erhielten 

wir neue Einblicke in die hydrologischen Bedingungen zur Zeit der Sapropel und  

Mergel Bildung im mediterranen Raum. Abschließend stellen wir fest, dass  

neogene Kalkdinoflagellaten ein wertvolles Instrumentarium für weitere zukünftige 

Paläoumweltstudien darstellen. 
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Chapter 1 

The present is the key to the past is the key to the future 

“ …whereas all experiences are of the past, all decisions are about the future… it is the great task of human 
knowledge to bridge this gap and find those patterns in the past which can be projected into the future as realistic 

images…” (Kenneth Boulding, 1973)  

Ongoing natural climate variability has affected the earth’s (weather) system 

throughout its history. There are different ways to look at the earth system and to measure 

climate variability generating different worlds and pictures. An approximate realistic picture 

of the earth’s climate history is made up of many individual findings derived from various 

disciplines of science. Any information is like a little puzzle piece ultimately resulting in a 

nearly complete picture, that at least is our aspiration. 

Understanding past geologic and ecosystem processes may improve our ability to 

predict future effects of global climate and environmental change.  

Micropalaeontology is a discipline which deals with the history of the earth’s 

biosphere and physical environments based on microfossil composition in a stratigraphic 

sequence. Microfossils are integrated in many ways in geological and environmental data and 

significantly contribute to the reconstruction of past climate and environmental change. One 

group that was long time overlooked in this respect are calcareous dinoflagellates, although 

they are known for a long time (e.g. Deflandre, 1947; Wall and Dale, 1968; Wall et al., 1970). 

These long ranging taxa which are known at least from the Triassic onwards (Janofske, 1992) 

have left a tremendous fossil record in marine sediments (e.g. Bolli, 1974; Fütterer, 1977; 

Keupp, 1981; Willems, 1988; Janofske, 1992; Kohring, 1993; Kienel, 1994; Zügel, 1994; 

Hildebrand-Habel et al., 1999; Streng, et al., 2004) since they are very resistant against 

carbonate dissolution. Many Tertiary species are still extant and allow us to draw conclusions 

from their present habitat to that of the past (e.g. Bison et al., 2007; 2009). Today calcareous 

dinoflagellates occur in all marine environments and different taxa are associated with 

different environmental conditions in the surface water. Hence their fossil remains can 

provide important information that can contribute to the interpretation of past environmental 

settings.  

The main goal of this project was to proof the potential of fossil calcareous 

dinoflagellates as quantitative indicators for past environmental conditions and changes. 

Therefore the response of calcareous dinoflagellates to environmental changes in relation to 
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the Messinian salinity crisis (MSC) in the Mediterranean realm has been investigated.  This is 

the first study that systematically investigated a set of stratigraphically important and 

ecologically relevant reference profiles of the Mediterranean realm with respect to the MSC. 

The MSC as a perfect example of drastic environmental changes in a short period of time and 

the nearly land-locked Mediterranean basin with its sensitivity to climatic and environmental 

changes make up an ideal scenario and setting to proof and confirm the usability of fossil 

calcareous dinoflagellates for palaeoenvironmental reconstructions. 

Our approach contributes to both, the understanding of the MSC in the Mediterranean 

and the evolution of calcareous dinoflagellates in response to the accompanying 

environmental changes. Besides this, the project represents a case study to extent our 

knowledge of Mediterranean Neogene calcareous dinoflagellates and their applicability as a 

tool for palaeoenvironmental reconstructions. 
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Main objectives and outline 

The major aim of this thesis is to proof the applicability of fossil calcareous 

dinoflagellates for palaeoenvironmental reconstructions and increase our knowledge of 

Neogene Mediterranean calcareous dinoflagellates. For this, calcareous dinoflagellates shall 

be applied for the reconstruction of the environmental conditions and possible trends and 

events prior to the MSC and just after the reestablishment of marine conditions in the central 

Mediterranean Caltanissetta Basin (Sicily) and in the eastern Mediterranean Pissouri Basin 

(Cyprus).  

 

Therefore, this study uses the following approaches:  

- Calcareous dinoflagellate cyst distribution pattern shall be analyzed on an east-west 

transect from land sections throughout the Mediterranean region and correlated to 

palaeoenvironmental changes related to the MSC.  

- Revision and modification of the established methods for Quaternary studies for its 

applicability to fossil material.  

- Comparison of the results with previous studies on Neogene and modern 

Mediterranean calcareous dinoflagellate assemblages. 

- Survey available sample material of selected Neogene Mediterranean reference 

profiles from international cooperation partners.  

- Collection of  new sample material from qualified localities during field 

surveys. 

 

This study attempts to answer the following questions that arise from it: 

- How did the calcareous dinoflagellates respond to the environmental changes related 

to the MSC?  

- What happened to them after the refilling of the Mediterranean basin after the MSC? 

- Did the prior Messinian dinoflagellate association re-establish? 

- How do modern Mediterranean calcareous dinoflagellate assemblages compare to 

those of the studied stratigraphic interval? 

- Are there differences in the spatial and temporal evolution related to the MSC? 

- Can calcareous dinoflagellates be used as indicators for past environmental changes? 

- Which modifications are necessary to establish fossil calcareous dinoflagellates as a 

competitive and reliable tool for palaeoenvironmental reconstructions? 
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- Are there key species which are indicative for specific environmental conditions? 

 

The results and palaeoenvironmental interpretations of the calcareous dinoflagellate 

evolution during the time preceding (latest Miocene) and following (earliest Pliocene) the 

MSC in the eastern (Cyprus) and central (Sicily) Mediterranean area are presented as three 

manuscripts in the Chapters 2, 3 and 4. 

 
 
Manuscript 1 – Calcareous dinoflagellate turnover in relation to the Messinian salinity crisis 

in the eastern Mediterranean Pissouri Basin, Cyprus (Bison et al., 2007; Journal of 

Micropalaeontology) 

In the first manuscript we focused primarily on the evolution of the calcareous 

dinoflagellates in direction to the MSC and immediately after the refilling in the eastern 

Mediterranean (Cyprus). 

 
Manuscript 2 – Palaeoenvironmental changes of the early Pliocene (Zanclean) in the eastern 

Mediterranean Pissouri Basin (Cyprus) evidenced from calcareous dinoflagellate cyst 

assemblages (Bison et al., 2009; Marine Micropaleontology) 

The second manuscript represents a continuation of the first study. Here we 

investigated the calcareous dinoflagellate evolution during the first ~100 ka after the MSC. 

 
Manuscript 3 - Calcareous dinoflagellate cyst distribution and their environmental 

implications preceding and following the Messinian salinity crisis in the Caltanissetta Basin, 

Sicily (Bison & Willems; to be submitted for publication in Palaeogeography, 

Palaeoclimatology, Palaeoecology) 

In the third manuscript we investigated the evolution of the calcareous dinoflagellates 

in relation to the environmental changes preceding and following the MSC in the central 

Mediterranean Caltanissetta Basin (Sicily). The results have been compared with those from 

the Pissouri Basin to verify whether the pattern observed on our easternmost succession 

remain valid westwards.  
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Dinoflagellates (Dinophyceae) 

“The great majority of the plants in the ocean are various types of planktonic, unicellular algae, collectively called 
phytoplankton.” (Carol M. Lalli &Timothy R. Parsons, 2001) 

Dinoflagellates (Division Dinoflagellata (Bütschli, 1885) Fensome et al., 1993), are a 

large group of microscopic, predominantly unicellular, flagellated eukaryotic, aquatic 

organisms, comprising a huge number of “algal” species of various shapes and sizes (e.g. 

Evitt, 1985; Taylor and Pollingher, 1987; Kohring, et al., 2005; Matthiessen et al., 2005). 

Their���P�R�V�W���F�R�P�P�R�Q���V�L�]�H���U�D�Q�J�H���L�V���E�H�W�Z�H�H�Q���������W�R�����������—�P�����7�K�H�\���D�U�H���J�H�R�J�U�D�S�K�L�F�D�O�O�\���Z�L�G�H�V�S�U�H�D�G��

and occur from equatorial to polar latitudes (e.g. Gilbert and Clark, 1983; Stover et al., 1996; 

Maret and Zonneveld, 2003; Vink, 2004; Zonneveld et al., 2005; Rochon, 2009). They can be 

found in almost all types of aquatic environments, but with a majority (90%) in the marine 

coastal ones (Dale, 1992; Fensome et al., 1993; Taylor et al., 2008). Their spatial and 

temporal distribution in aquatic systems is attributed to a large number of physiological and 

biological parameters (e.g. light, temperature, nutrients, salinity, competition, turbulence) 

(Vink, 2004). Together with coccolithophores and diatoms they are the most important 

primary producers in the oceans (Parsons et al., 1984; Brasier, 1985; Taylor and Pollingher, 

1987; Bujak and Brinkhuis, 1998; Rochon, 2009).  

Currently, about 2000 extent and 2000 fossil species of dinoflagellates are known 

(Fensome et al., 1993). They follow different feeding strategies, from phototrophy and 

heterotrophy to mixotrophy (e.g. Dale, 1983; Parsons et al., 1984; Gaines and Elbrächter, 

1987, 1991; Head, 1996; Schnepf and Elbrächter, 1992, 1999; Stoecker, 1999; Stickney et al., 

2000; Matthiessen et al., 2005), which are again divided into several subunits (e.g. symbiotic, 

parasitic). About half of the extant species are heterotrophic or mixotrophic (Stoecker, 1999), 

while the other half is phototrophic (e.g. Parsons et al., 1984; Siano and Montresor, 2005). 

Although light is the main limiting factor, for phototrophic species only view dinoflagellate 

species are strict autotrophs, and most (i.e. auxotroph) need organic components such as 

vitamins or trace elements (e.g. iron) to grow (e.g. Taylor and Pollingher, 1987; Gaines and 

Elbrächter, 1987; Schnepf and Elbrächter, 1992). Actually many dinoflagellates are 

mixotrophs, capable to be autotrophic and heterotrophic at the same time (e.g. Sander, 1991; 

Stickney et al., 2000; Saldarriaga et al., 2001; Matthiessen et al., 2005). 

Dinoflagellates typically occur as free-swimming motile mostly non-fossilisable 

stages, besides a potentially fossilisable non-motile stage. The vast majority of the fossil 

dinoflagellate record consists of cysts. Apart from their high morphological variability, 
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dinoflagellates generally share a common anatomical pattern during at least one stage of their 

life cycle (Fig. 1). The motile stage generally shows a characteristic flagella arrangement, 

with a transversal flagellum that encircles the cell body, and perpendicular to it, a longitudinal 

flagellum (Fig. 1). The transversal flagellum is usually situated within an equatorial or 

slightly descending groove, called the girdle or cingulum. It runs to the left and usually 

encircles the cell completely. The proximal part of the longitudinal flagellum lies freely in 

another groove, termed the sulcus. The movement of the flagella causes the cell to migrate 

vertically in a helical path through the water column (Taylor and Pollingher, 1987; Fenchel, 

2001). This character enables the motile cell to optimize their position in a stratified water 

column to a certain extent (Matthiessen et al., 2005; Clegg et al., 2007; Smayda, 2010). In 

contrast to a common believe that turbulences are unfavourable for dinoflagellate species (e.g. 

Wendler et al., 2002a, b; Vink, 2004) several authors (e.g. Smayda, 2000, 2002, 2010; 

Smayda and Reynolds, 2001; Sullivan and Swift, 2003; Sullivan et al., 2003) reviewed this 

paradigm, concluding that some dinoflagellates may cope well with turbulence. Laboratory 

experiments by Sullivan and Swift (2003) and Sullivan et al. (2003) showed that growth rates 

may be reduced at high turbulence for some species, but others were unaffected or even 

showed higher growth rates. 

 

 

 

Most dinoflagellates have a complex multi-staged life cycle (Evit, 1985; Burkholder et 

al., 2001 and citations herein; Fensome et al., 1996, 2003) (Fig. 2, 3). About 10 to 15% of the 

Fig. 1: Principle morphological features and terminology of a thecate motile cell of a peridinialean 
dinoflagellate (modified after Fensome et al., 1996). 
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living dinoflagellates have a non-motile stage in their life cycle where they form highly 

resistant fossilisable cysts (resting cysts), which are organic-walled, calcareous or seldom 

siliceous (e.g. Wall and Dale, 1968; Taylor, 1987; Fensome et al., 1993, 1996). This study 

concentrates on the calcareous cyst producing dinoflagellates (calcareous dinoflagellates). 

Calcareous dinoflagellates 

Calcareous dinoflagellates are primarily phototrophic planktonic organisms and thus 

live in the photic zone of the oceans where sufficient light is available for photosynthesis and 

growth (e.g. Tangen et al., 1982; Binder and Anderson, 1987; Montresor et al., 1994). They 

are widespread in all marine environments, from open marine to coastal, and from sub-polar 

to tropic regions (e.g. Dale, 1992; Montresor et al., 1994, 1998, 2003; Wendler et al., 2002a, 

b; Vink, 2004; Zonneveld, et al., 2005), but most are found in higher latitudes where they can 

contribute considerably to the total carbonate flux to the sea floor (Dale, 1992). High 

abundances were also observed in neritic areas, both in temperate and tropical (e.g. Wall and 

Dale, 1968b; Dale, 1992; Montresor et al., 1994; 1998, 2003).  

After coccospheres, calcareous dinoflagellates are the second most calcareous 

phytoplankton group and form an essential part of the first link in the marine trophic level, 

initially transferring light energy to chemical energy (photosynthesis). Thus, the majority of 

marine life depends on this energy transfer. Like most of the primary producer they relate to 

the environmental conditions in the surface waters, biotic and abiotic. Various studies about 

their distribution in modern oceans in fact have shown this (e.g. Dale, 1992 a, b; Höll et al., 

1998; Esper et al., 2004; Vink et al., 2001; Vink, 2004; Wendler et al., 2002a, b, c; 

Zonneveld, 2003; Meier and Willems, 2003; Richter et al., 2007). They have proved to be 

rather resistant against carbonate dissolution (Karwath, 2000; Vink, 2001; Baumann, 2003; 

Esper et al., 2004; Zonneveld, 2000, 2004; Meier et al., 2004; Zonneveld et al., 2001, 2005) 

and are therefore generally well preserved in fossil sediments. Hence, due to their extensive 

fossil record (e.g. Keupp, 1981; 1987, 1991; Kohring, 1993a; Kienel, 1994; Hildebrand-

Habel, et al., 1999; Dias-Brito, 2000; Streng et al., 2004a) they are apparently well suited for 

palaeoenvironmental reconstructions.  

About 260 fossil species (morphotypes) (Fensome and Williams, 2004) and about 30 

extant species (Vink, 2004; Zonneveld et al., 2005) have been described so far. Cyst size 

shows a great variety (intra-�� �D�Q�G�� �H�[�W�U�D�V�S�H�F�L�I�L�F���� �Z�L�W�K�� �D�� �U�D�Q�J�H�� �E�H�W�Z�H�H�Q�� �D�E�R�X�W�� ���� �D�Q�G�� ������ �—�P��

(Zonneveld et al., 2005) for extant species. In fossil records the cyst size is generally larger 

than today and most commonly ranges between e.g. 40 and�� �������� �—�P�� ���'�L�D�V-Brito, 2000) or 
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�I�U�R�P���������W�R���������—�P�����:�H�Q�G�O�H�U���D�Q�G���:�L�O�O�H�P�V�����������������L�Q���W�K�H���0�H�V�R�]�R�L�F�����$���J�H�Q�H�U�D�O���G�U�R�S���L�Q���F�\�V�W���V�L�]�H�V��

of calcareous dinoflagellate species in the lower Cretaceous was observed by Wendler et al. 

(2001), which had to follow that the size of subsequent dinoflagellate cyst generations became 

increasingly less. Tertiary cysts are usually smaller than its predecessors from the Mesozoic 

and reach a size usually �E�H�W�Z�H�H�Q�� ������ �D�Q�G�� ������ �—�P, this applies to most types (Wendler, 2001, 

2002; Wendler and Willems, 2002).  

According to their life-cycle, the group of calcareous cyst forming dinoflagellates can 

be subdivided into two groups (Tangen et al., 1982; Fensome et al., 1993; Meier et al., 2007). 

The first group produces fossilisable calcareous resting cysts during their life cycle (sexual 

reproduction phase), representing a dormant stage in which metabolism is greatly reduced 

(Binder and Anderson, 1990), alternating with a non-fossilisable thecate swimming stage 

(Wall and Dale, 1968; Lewis, 1991), in which they spend most of their life time (Fig. 2).  

It is suggested that the resting cyst stage is a benthic phase in the life cycle, where 

dinoflagellates can survive for long periods in the sediment (Anderson et al., 1987; Dale, 

1983; Halgraeff and Bolch, 1992). Based on resting cyst studies of stored sediments, Lewis et 

Fig. 2: Simplified dinoflagellate life cycle of resting cyst producing dinoflagellates, involving sexual 
reproduction.  (A) Cells are motile and haploid. (B) Cell s are motile and diploid (nucleus dotted). (C) Cells are 
nonmotile (except for hatched cell) and diploid. Hatched area in discarded cyst at the left represents the 
archaeopyle (modified after Fensome et al. 1996 and Vink, 2000). 
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al. (1999) suggested a minimum of 10 years. Nevertheless, it is questionable whether all 

species go through a benthic resting cyst stage. It is most likely that some open oceanic 

species pass this stage in the upper water column (e.g. Harland, 1983; Dale, 1986, 1983, 

1992), or they do not form resting cysts at all, such as Thoracosphaera heimii.  

In the second group (i.e. T. heimii and Leonella granifera), the fossilisable vegetative 

non motile cyst (coccoid) stage (asexual reproduction phase) - which is metabolically and/or 

reproductively active - dominates their life time (Tangen et al., 1982; Inouye and Pinaar, 

1983; Fensome et al., 1993; Meier et al., 2007) (Fig. 3). Fossil cysts are generally considered 

as resting cysts (Wall and Dale, 1968), except those formed by the calcareous species T. 

heimii and L. granifera, which produce fossilisable vegetative cysts (Meier et al., 2007). 

Interestingly, a cyst operculum, which is believed to be an apomorphic feature (see Foissner 

et al., 2007) and apparently obligatory for the resting cyst phase, has - as far as I know - never 

been documented for fossil T. heimii cysts, although it was observed in culture studies 

(Tangen et al., 1982). For fossil L. granifera cysts, on the other hand, the presence of an 

operculum is a common character. This suggests - or at least it can not be ruled out 

completely - that L. granifera also passed, or may be still passes through a resting cyst phase 

during its life cycle.  Since in micropalaeontological studies the actual function of the cysts 

usually can not be determined, all fossil calcareous dinoflagellate taxa are thus generally 

termed as cysts or calcareous dinoflagellates (dinocysts).  

 

 
Fig. 3: Simplified life cycle of L. granifera and T. heimii. (n) haploid, (a, 1-2) vegetative calcified cysts = 
dominant life cycle, (a, 3) motile cell hatches, (a, 4) cell divides, (a, 5) forms aplanospores first, (a, 6) or dirctly 
planospores, (a, 7) calcification starts, (b) mitotic division of weakly calcified cells. Sexual reproduction might 
occur in a separate life-cycle stage (2n) diploid, (c) (modified after Meier et al., 2007). 
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In modern oceans, T. heimii is widespread and usually significantly dominates the 

calcareous dinoflagellate assemblages because of its high reproduction rate of up to one 

division per day (Brand and Guillard, 1981; Meier et al., 2007), except in the Arabian Sea, 

where L. granifera can dominate (Wendler et al., 2002). Although T. heimii already has been 

documented since the Upper Cretaceous (Hildebrand-Habel and Willems, 2000), it usually 

was very rare throughout the Tertiary. Referring to our investigated time interval, of the late 

Miocene and early Pliocene Mediterranean, we can say that T. heimii was rather 

underrepresented, suggesting a much lower reproduction rate than today, or it had a different 

main life cycle stage, e.g. the non-fossilisable thecate swimming stage. Another explanation 

for the low occurrence of T. heimii  during that time is that it lacked the ability to form resting 

cysts, which is considered to be a key strategy for survival and spread through space and time 

(Hallegraeff and Bolch, 1992). Nowadays, the survival strategy of T. heimii seems to be its 

high reproduction rate. 

Application 

Calcareous dinoflagellate cysts are known at least from the early Triassic period 

(Janofske, 1992) and have left an extensive fossil record since the end of the Triassic (e.g. 

Fütterer, 1977, 1984; Keupp 1981, 1987, 1991; Fensome et al., 1993, 1999; Kohring, 1993a, 

1997; Kienel, 1994;  Zügel 1994, Hildebrand-Habel and Willems, 2000; Streng et al. 2004; 

Bison et al., 2007, 2009). Their highest diversity they reached during the Cretaceous (e.g. 

Keupp, 1991; Kohring, 1993), followed by a progressive decrease throughout the Tertiary, 

finally resulting in a relative manageable group of nowadays (Keupp, 1991; Lewis, 1991; 

Montresor, 1995). 

Although calcareous dinoflagellate cysts seem to be a common element in surface 

sediments around the world oceans (Montresor et al., 1998), in the past major interest was 

given to organic walled cyst producing dinoflagellates. Calcareous cysts were often 

overlooked in micropalaeontological studies, either due to there size, which falls between the 

larger foraminifers and the smaller coccolithophores, or due to the commonly used acid 

treatment in palynological studies. However, since Deflandre (1947) established the family of 

Calciodinelloideae, over the last decades renewed interest occurred in calcareous cyst 

producing dinoflagellates, stimulating the research on their distribution in the surface waters 

and sediments of the worlds ocean and their relation with the sea surface parameters (e.g. 

Fütterer, 1977; Lewis, 1991; Montresor et al., 1997; 1994; Höll et al., 1998, 2000; Karwath, 
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2000; Zonneveld et al., 2000; Vink et al., 2000, 2002; Wendler et al., 2002a, b, c; Vink, 2004; 

Richter et al., 2007; Elbrächter et al., 2008). As a consequence, knowledge about calcareous 

dinoflagellates, their ecology, biology and environmental relations remarkably increased over 

the last years. It was shown that their distribution in the oceans is strongly dependent on the 

environmental parameters of the surface water (e.g. temperature, salinity, nutrients and water 

turbulence). Therefore, there fossils reflect the conditions which prevailed during their life 

time in the surface waters. Apparently, this makes calcareous dinoflagellates very useful for 

palaeoenvironmental reconstructions. In addition, their high preservation potential and their 

long stratigraphic range - most of the main Tertiary calcareous dinoflagellates are still extant - 

confirm their utility as a proxy for long- and short-term palaeoenvironmental studies.  

Previous palaeoenvironmental studies  

Despite from the high-quality fossil records, so far, mainly inventory taking studies on 

fossil calcareous dinoflagellates have been carried out, with a main focus on descriptive 

taxonomy. Most of the studies are from the Mesozoic to Tertiary European and Atlantic realm 

(e.g., Bolli, 1974; Keupp, 1981, 1987, 1991, 1993, 1995; Keupp and Mutterlose, 1984; Keupp 

and Versteegh, 1989; Kienel, 1994; Zügel, 1994; Willems, 1996; Hildebrand-Habel and 

Willems, 1997). These initial studies on calcareous dinoflagellates, which are well 

documented by numerous scanning electron microscope (SEM) photographs, give us a picture 

of the amazing variety of calcareous dinoflagellate cyst shapes. A few, mainly long-term 

evolution studies, related to climatic change, exist from sediments of late Cretaceous to 

Cenozoic age, taken from the Northern European realm and the Atlantic and Indian Ocean 

(e.g. Keupp, 2001; Keupp and Kowalski, 1992; Kohring, 1993a; Hildebrand-Habel and 

Willems, 2000; Hildebrand-Habel and Streng, 2003; Streng et al., 2004). The majority of 

palaeoenvironmental studies using calcareous dinoflagellates, were performed on Quaternary 

surface sediments from the South and Equatorial Atlantic Ocean (e.g. Zonneveld et al., 1999, 

2000; Esper et al., 2000; Höll et al., 2000; Vink et al., 2001). Other studies focused on the 

distribution of calcareous dinoflagellates in relation to the environmental parameters of the 

surface waters (Karwath et al., 2000; Meier and Willems, 2003; Vink, 2004; Richter et al., 

2007; Richter, 2009).  

From the Mediterranean realm, fossil (pre-Quaternary) palaeoenvironmental studies 

on calcareous dinoflagellates were so far the subject of only a few and patchy works (e.g. 

Keupp and Kohring, 1993, 1999; Keupp et al., 1994; Kohring, 1993, 1997). From the 

Pleistocene, there exist only two studies on calcareous dinoflagellates related to the sapropel 
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S1 formation (Zonneveld et al., 2001; Meier et al., 2004). Most of the aforementioned fossil 

studies have in common a relatively low sample density and a mostly semi-quantitative 

approach, based on a time consuming picking method, which will be discussed later. Our 

present knowledge of recent to sub-recent Mediterranean calcareous dinoflagellates is mostly 

based on studies from surface sediments of the Gulf of Naples (e.g. Montresor and Zingone, 

1988; Montresor, 1995, Montresor et al., 1998) and on one study (Meier and Willems, 2003), 

which certainly covers most parts of the Mediterranean Sea. These studies provide an 

important basis about the distribution and environmental relations of calcareous 

dinoflagellates in the present Mediterranean Sea. A more detailed analysis of the 

Mediterranean dinoflagellate association is still desirable though.  

In order to increase the existing knowledge about fossil calcareous dinoflagellates 

from the Mediterranean realm and to prove their applicability for palaeoenvironmental 

reconstructions, this study aims to present the first detailed analysis of its associations in 

relation to environmental changes caused by the Messinian salinity crisis (MSC), temporally 

and spatially. 

Classification and identification 

Calcareous dinoflagellates (Thoracosphaeraceae, Dinophyceae) are considered to be a 

monophyletic group of peridinoid taxa that have the potential to produce calcareous cysts 

during their life cycle (Elbrächter et al., 2008). Already in 1947, Deflandre established the 

family Calciodinellidae, based on the description of Calciodinellum operosum Deflandre, 

1947. Later on, Wall et al. (1970) and Keupp (1981) considered the two subfamilies 

Peridinioideae and Calciodinelloideae as a monophyletic unit (see Keupp, 1984). 

Subsequently, all fossil and recent calcareous dinoflagellates were summarized in the 

subfamily Calciodinelloideae Deflandre 1947, regardless of the tabulation pattern (Keupp, 

1984).  In the following years, several factors such as the later inclusion of non-tabulated 

forms, the discovery of a coccoid vegetative stage of T. heimii (Tangen et al., 1982) and the 

strong phenotypic variability of the cyst taxa have caused a confusing chaos in the 

classification of calcareous dinoflagellates (Keupp, 1981). 

During the last decades various attempts have been made to unify the systematic 

concept of dinoflagellates, in general and with respect to calcareous dinoflagellates (e.g. 

Bujak and Davis, 1983; Fensome et al, 1993; Gottschling et al., 2005; Streng et al., 2006). 

Two previously independent classification systems have been used for dinoflagellates 

thitherto, a palaeontological (fossil cyst-based) and neontological (recent motile cell-based) 
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(e.g. Fensome et al., 1993; Elbrächter et al., 2008). Fensome et al. (1993) proposed a single 

classification system that addresses both, fossil and extant dinoflagellates, following the 

International Botanical Code of Nomenclature (IBCN). Therein plate tabulation is considered 

to be one of the most important morphological characteristics at the family, subfamily and 

genus levels. In particular, pioneering work of Fütterer (1976, 1977) and Keupp (1979b, 

1981) have shown that a central feature for the classification and identification of calcareous 

dinoflagellates is the orientation of the crystallographic c-axis of the wall crystals, at least at 

the species level (e.g. Keupp, 1981, 1987, 1991; Kohring, 1993; Janofske, 1996; Montresor et 

al., 1997; Meier et al., 2009) (Fig. 4). This trait is species specific and genetically fixed 

(Addadi and Weiner, 1989; Addadi et al., 1990; Sikes et al., 1994).  

Accordingly, four types of wall structures have been established by Young et al. 

(1997), based on the concept of Keupp (1981, 1987) and Kohring (1993), i.e. 1. irregularly 

oblique, 2. regularly radial, 3. regularly tangential, 4. regularly oblique (pithonelloid) (Fig. 4). 

The pithonelloid wall type (Keupp, 1987; Young et al., 1997) belongs to an extinct group of 

uncertain dinoflagellate affinity (Fensome et al., 1993; Streng et al., 2004b; Kohring et al., 

2005). The orientation of the c-axes of the wall forming crystals does not necessarily 

correspond with its morphology (Janofske, 1996, Janofske and Karwath in Karwath, 2000). 

Thus, for the determination of the crystallographic c-axis the light optical analysis has been 

established (Janofske, 1996). 
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Another taxonomically significant feature is the structure of the archaeopyle, (Keupp 

and Versteegh, 1989; Streng et al., 2002, 2004), which often is the only indicator for the 

tabulation (Streng et al., 2004). Based on the principle categories of archaeopyle types 

proposed for organic walled dinoflagellates (e.g. Evitt, 1967; Williams et al., 1978, 2000; 

Fensome et al., 1996 ), Streng et al. (2002, 2004b) established a classification model for a 

variety of archaeopyle types, including a common descriptive terminology supplemented by a 

few new terms for specific characteristics (Fig. 4).  

In recent years, the current morphological and ultrastructural issues are increasingly 

supplemented by genetic aspects (Gottschling and Plöttner, 2004; Gottschling et al., 2005, 

2008). It has been shown that the molecular characterization of dinoflagellates in most cases 

confirms the external morphology (e.g. Streng et al., 2002, 2004b). The genetic approach in 

palaeontological studies apparently offers a new concept for testing trait evolution in relation 

to phylogenetics and environmental change (Dale, 2001).  However, as fossil calcareous 

dinoflagellates typically leave no genetic material behind and the classification of fossil taxa 

is usually based on morphology, the accuracy of establishing real relationships between extant 

and fossil taxa is difficult.  On the other hand, fossil taxa are commonly interpreted in the 

 
Fig. 4: Taxonomically important morphological characteristics of calcareous dinoflagellate cysts. A:  Schematic 
figures and SEM images of the four wall types, showing the crystallographic ultrastructures and orientations of 
c-axes of the cyst wall (after Kohring et al., 2005). The SEM images of the wall structure show from left to right: 
L. urania, C. stella, P. parva and Pithonella cardiiformis. B: Archaeopyle types (after Streng et al., 2004).  
 




















































































































































































































































































































