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EPPC 2018 FIELDTRIP LEADERS 

MID-CONFERENCE TOURS 

Dublin Botanical Gardens Trip 

Colin Kelleher, The National Botanic Gardens of Ireland, Ireland
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Glaciation and Palaeoecology of the Wicklow Mountains

Fraser Mitchell, Trinity College Dublin, Ireland
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Botany and Landscape of the Burren

Stephen Waldren, Trinity College Dublin, Ireland 
Michael Simms, National Museums, Northern Ireland
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Paleozoic Palaeobotany – Kiltoran and Castlecomer

Matthew Parkes, National Museum of Ireland, Ireland



Radiocarbon Dating
Consistent Accuracy, Delivered on Time

Results in as little as 2-3 days

Queries answered within 24 hours

ISO/IEC 17025:2005-accredited

14C Dating
Without Regrets

14C Dating
Without Regrets



Page 7
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The Linnean Society Botanical Society of America 

The International Federation of 
Palynological Societies

International Organisation of 
Palaeobotany

The Palaeontological Association

The Paleontolological Society

i

International Association of Wood 
Anatomists



 

            

DEVONIAN PLANT FOSSILS 
A WINDOW INTO THE PAST  

 
A joint exhibition between the National Botanic Gardens, 
Geological Survey of Ireland and the Natural History Museum 
will showcase the amazing 360 million year old fossils from 
Kiltorcan quarry, Co. Kilkenny.  Kiltorcan is internationally 
known for its rich assemblage of excavated fossils but this is 
their first significant public display. The fossils provide a 
fascinating glimpse into the plant world at the end of the 
Devonian Period. This is the first significant exhibition of 
fossils from Kiltorcan and is being undertaken to encourage 
further work on the collection. The display will highlight the 
key players in the discovery of the riches in Kiltorcan.   
 
2nd to 24th August, Gallery Space, 10.00 – 17.00 
National Botanic Gardens Visitor Centre, Glasnevin 
Directions available at Registration. Make time during your 
visit to Dublin to visit this palaeobotanical treat! 
 

 

Image of Archaeopteris hibernica by Martin Healy 
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WELCOME TO EPPC 2018

10TH EUROPEAN PALAEOBOTANY AND PALYNOLOGY CONFERENCE

12TH-17TH AUGUST, 2018

On behalf of the organization committee I would like to extend a warm welcome and invite you to 
Dublin to attend the 10th European Palaeobotany and Palynology Conference. The disciplines of 
palaeobotany and palynology are integrative and multidisciplinary by nature. As a community we 
are constantly seeking new tools and techniques to answer both long-standing and new questions. 
Palaeobotanists and palynologists demonstrate a strong history of partnership with disciplines that 
are outside our core biological and geological fields of research such as with chemistry, physics, 
maths and computer science. Our community have been early adopters of state-of-the- art technol-
ogy in visualization, experimentation and chemical analyses to name but a few.

The theme for EPPC 2018 ‘A Multidisciplinary Science’ seeks to highlight multi- and inter-dicipli-
narity in palaeobotanical and palynological research, past, present and future. We aim to showcase 
disciplinary diversity in palynological and palaeobotanical research through themed and open ses-
sions, via demonstrations of new technology platforms in a dedicated exhibition space and during 
post-conference field excursions.

We have planned exciting cultural activities and field trips for you to explore the great botanical, 
archaeological and geological richness that the island of Ireland has to offer. These include the fa-
mous karst landscapes and flora of the Burren in County Clare and a world heritage site of immense 
geological and archaeological interest; Skellig Michael, islands within the Atlantic Ocean off the 
west coast of County Kerry. Mid-conference day trips will showcase the Viking history and building 
stones of Dublin city and natural heritage of surrounding counties including blanket bogs and oak 
forests.

Céad Míle Fáilte! We look forward to welcoming you to EPPC Dublin in 2018.

Yours sincerely,

Jennifer C. McElwain

Chair of Botany, Trinity College Dublin

Chair, Organization Committee
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PROGRAM IN BRIEF

Sunday 12th August
14:00 - 19:00 Registration Ground Floor Foyer of the O’Brien Centre, UCD

18:00 - 20:00 The Dining Hall, Trinity College Dublin.

Monday 13th August
Room O'Reilly Hall

09:00 - 11:00 Plenary Speakers

11.30 - 12.30 Keynote Speakers

Room
George Moore Auditorium Intel (Theatre E) ICON (Theatre D) ALE (E1.17) ALE (H1.49) H1.51

13.30 - 14.50 Special Session 1
ADVANCES AND APPLICATIONS 

OF PALEOZOIC PALYNOLOGY AND 
PALYNOSTRATIGRAPHY IN THE 

ARABIAN PLATE AND ADJOINING 
REGIONS

Special Session 23
GEOCHEMICAL AND MOLECULAR 

PROXIES FROM FOSSIL PLANTS AND 
PALYNOMORPHS: NEW TECHNIQUES, 

NEW CHALLENGES

Special Session 12
PALEOBOTANY AND PALYNOLOGY OF 
THE DECCAN INTERTRAPPEAN BEDS, 

LATE CRETACEOUS TO PALEOCENE OF 
CENTRAL INDIA

Special Session 17
BOUNDARIES, TRANSITIONS AND 

EXTREME ENVIRONMENTS OF THE 
CENOZOIC

Special Session 32
TRIASSIC AND JURASSIC TERRESTRIAL 

ECOSYSTEMS

Special Session 27
WORK VERTICALLY, THINK 

3-DIMENSIONALLY: PALAEOCOLOGY IN 
TOPOGRAPHICALLY COMPLEX MOUNTAIN 

SETTINGS

15.20 - 17.00 Special Session 1
CONT...

Special Session 23
CONT...

Special Session 12
CONT...

Special Session 17
CONT...

Special Session 32
CONT...

Special Session 35
LATE QUATERNARY PALAEOECOLOGY

17.00 - 18.00 Poster Session 

17.30 - 18.30 Agora Paleobotanica AGM

Tuesday 14th August
9:00 - 10:40 Special Session 22

CELEBRATING THE CAREER OF BILL 
CHALONER - FROM PALAEOPROXIES 

TO NOMENCLATURAL ISSUES

Special Session 2
PALAEOZOIC PALYNOLOGY – PRESENT 
AND FUTURE RESEARCH DIRECTIONS

Special Session 7
MELISSOPALYNOLOGY POLLEN 
MORPHOLOGY AND DISPERSAL

Special Session 20
PLANT EVOLUTION AND GEOBIOSPHERE 

INTERACTIONS AS A DRIVER OF EARTH 
SYSTEM

Special Session 13
BIOGEOGRAPHIC RELATIONSHIPS OF 
NORTHERN HEMISPHERIC CENOZOIC 

FLORAS

11:10 - 12:30 Special Session 22
CONT...

Special Session 2
CONT...

Special Session 26
QUATERNARY VEGETATION, CLIMATE, 

FIRE, AND PLANT RESILIENCE IN 
EUROPE AND THE NEAR EAST

Special Session 20
CONT...

Special Session 13
CONT...

13:30 - 14:50 Special Session 22
CONT...

Special Session 2
CONT...

Special Session 26
CONT...

Special Session 10A
FOSSIL WOODS - NEW RESULTS AND 

PERSPECTIVES

Special Session 13
CONT...

15:20 - 17:40 Special Session 22
CONT...

Special Session 2
CONT...

Special Session 26
CONT...

Special Session 10A
CONT...

Special Session 21
EARLY EVOLUTION OF SOILS AND THEIR 

BIOLOGICAL COMPONENTS

17:00 - 18:00 Poster Session

17:30 - 18:30 International Organization of 
Palaeobotany (IOP) AGM

CIMP Buisness Meeting Collegium Palynologicum Scandinavicum

Wednesday 15th August
9:00 - 10:40 Special Session 33

PALEOZOIC PALAEOBOTANY
Special Session 11

A WORLD FULL OF AMBER
Special Session 24

CAN THE PAST UNLOCK THE 
FUTURE? USING PALAEOBOTANY 
& PALAEOECOLOGY TO PREDICT 

FUTURE ECOLOGICAL TRENDS

Special Session 14
CENOZOIC PLANT DIVERSITY OF 

TIBET, HIMALAYAS AND HENGDUAN 
MOUNTAINS

Special Session 10B
FOSSIL WOODS - NEW RESULTS AND 

PERSPECTIVES

11:10 - 12:30 Special Session 33
CONT...

Special Session 11
CONT...

Special Session 24
CONT...

Special Session 14
CONT...

Workshop 19
DATABASES, ONLINE SERVICES AND 
DIGITAL LITERATURE: RESPONSE TO 

CHALLENGES OF PALAEOBOTANY IN XXI 
CENTURY

13:30 - 18:00 Mid-Conference Excursions: Botanic Gardens / Dublin / Wicklow
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Thursday 16th August
Room

George Moore Auditorium Intel (Theatre E) ICON (Theatre D) ALE (E1.17) ALE (H1.49) H1.51

9:00 - 10:40 Special Session 8
TRANSFORMATIVE PALEOBOTANY: 
COMMEMORATING THE LIFE AND 
LEGACY OF THOMAS N. TAYLOR

Special Session 18
PLANT EVOLUTION; FLORAL 

DIVERSITY AND THE RESPONSE OF 
PLANTS TO ENVIRONMENTAL STRESS 

FROM DEEP TIME

Special Session 5
HIGH TEMPORAL RESOLUTION 

PALYNOLOGY AND PALAEOECOLOGY 
– FROM CENTENNIAL TO DECADAL 
VEGETATION CHANGE, TO YEARLY 

FLOWERING CYCLES AND SEASONAL 
INSIGHTS FROM STRATIFIED 

QUATERNARY DEPOSITS

Special Session 3
ASPECTS OF UPPER PALAEOZOIC 

TO MESOZOIC PALAEOBOTANICAL 
BIOSTRATIGRAPHY

Special Session 25
CENOZOIC PLANT DIVERSITY GRADIENTS 
IN TIME AND SPACE AND THEIR IMPACT 
ON EARLY HUMANS (ROCEEH/NECLIME)

11:10 - 12:30 Special Session 8
CONT...

Special Session 18
CONT...

Special Session 5
CONT...

Special Session 3
CONT...

Special Session 25
CONT...

13.30 - 14.50 Special Session 8
CONT...

Special Session 18
CONT...

Special Session 5
CONT...

Special Session 3
CONT...

Special Session 25
CONT...

15.20 - 17.00 Special Session 15

THE TIMING AND PHYLOGENY OF 
FUNCTIONAL TRAITS IN WOOD

Special Session 18
CONT...

Special Session 6A
QUANTITATIVE POLLEN-BASED 
RECONSTRUCTIONS OF PLANT 

COVER FOR ENVIRONMENTAL AND 
ARCHAEOLOGICAL RESEARCH

Special Session 9A
EXPERIMENTAL PALEOBOTANY: 
ILLUMINATING THE PAST USING 
EXPERIMENTS AND MODELLING

Special Session 16A
ORIGINATIONS, EXTINCTIONS AND 

SPECIES TURNOVER IN PLANT HISTORY

17.00 - 18.00 Poster Session 

19:00 - Late Gala Dinner

Friday 17th August
9:00 - 10:40 Special Session 31

PLANT EVOLUTION IN THE 
CRETACEOUS

Special Session 28
PFILLING THE GAPS ABOUT NON-POL-

LEN PALYNOMORPH ECOLOGICAL 
SIGNIFICANCE

Special Session 6B
QUANTITATIVE POLLEN-BASED 
RECONSTRUCTIONS OF PLANT 

COVER FOR ENVIRONMENTAL AND 
ARCHAEOLOGICAL RESEARCH

Special Session 9B
EXPERIMENTAL PALEOBOTANY: 
ILLUMINATING THE PAST USING 
EXPERIMENTS AND MODELLING

Special Session 4
CRETACEOUS AND CAINOZOIC 

PALAEOPALYNOLOGY SEEN THROUGH 
THE ELECTRON MICROSCOPY

Special Session 16B
ORIGINATIONS, EXTINCTIONS AND SPECIES 

TURNOVER IN PLANT HISTORY

11:10 - 12:30 Special Session 31
CONT...

Special Session 28
CONT...

Special Session 6B
CONT...

Special Session 9B
CONT...

Special Session 22
CONT...

Special Session 16B
CONT...

12:30 - 13:00 Closing Remarks and Prizes

13:30 - 14:00 Lunch and Posters

Saturday 18th - Monday 20th August

Post Conference Field Trips

18th - 20th KERRY INCLUDING THE RING OF KERRY, THE UNESCO WORLD HERITAGE SITE OF SCELIG MHICHÍL (SKELLIG MICHAEL) 
AND THE ENVIRONS OF VALENTIA ISLAND

18th - 19th PALAEOZOIC ROCKS AND FOSSILS OF THE HOOK HEAD PENINSULA, COUNTY WEXFORD

18th - 20th BOTANY AND LANDSCAPE EVOLUTION OF THE BURREN, COUNTY CLARE

18th PALEOZOIC PALAEOBOTANY – KILTORCAN AND CASTLECOMER FIELD TRIP
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SPECIAL SESSIONS LIST

No. Titles Convenors

Public Fabulous Fossil Talks/Plenary and Keynote Talks Jennifer McElwain

1 Advances and Applications of Paleozoic Palynology and  Palynostratigraphy in 
the Arabian Plate and Adjoining regions

Marco Vecoli
Charles Wellman

2 Palaeozoic Palynology – Present and Future Research Directions (CIMP 
Sponsored)

Reed Wicander
Hartmut Jäger

3 Aspects of Upper Palaeozoic to Mesozoic palaeobotanical biostratigraphy Ellen Stolle
José Bienvenido Diez Ferrer

4 Cretaceous and Cainozoic palaeopalynology seen through the electron 
microscopy

Friðgeir Grímsson
Christa-Charlotte Hofmann
Reinhard Zetter

5 High temporal resolution Palynology and Palaeoecology– From centennial to 
decadal vegetation change, to yearly flowering cycles and seasonal insights from 
stratified Quaternary deposits

Jean Nicolas Haas
Benjamin Dietre

6 Quantitative pollen-based reconstructions of plant cover for environmental and 
archaeological research 

Marie-José Gaillard
Furong Li
Ralph Fyfe

7  Melissopalynology pollen morphology and dispersal  Irina Delusina
Tiiu Koff
Elena Severova

8 Transformative Paleobotany: Commemorating the Life and Legacy of Thomas N. 
Taylor

Carla J. Harper
Michael Krings
Gar Rothwell

9 Experimental Paleobotany: Illuminating the Past Using Experiments and 
Modelling

Cindy V. Looy
Claire M. Belcher
Jonathan P. Wilson

10 Fossil woods - New results and perspectives Anaïs BOURA
Anne-Laure DECOMBEIX

11 A world full of amber Guido Roghi
Leyla Seyfullah 
Jacopo Dal Corso

12 Paleobotany and Palynology of the Deccan Intertrappean beds, late Cretaceous 
to Paleocene of Central India

Steven Manchester
Bandana Samant
Selena Smith

13 Biogeographic relationships of northern hemispheric Cenozoic floras Thomas Denk
Johannes Bouchal

14 Cenozoic Plant Diversity of Tibet, Himalayas and Hengduan mountains Zhe-kun Zhou
Tao Su
Lutz Kunzmann

15  The timing and phylogeny of functional traits in wood Lisa BOUCHER
Elizabeth Wheeler

16 Originations, extinctions and species turnover in plant history Evelyn Kustatscher
Niall W. Paterson
Benjamin Bomfleur

17 Boundaries, transitions and extreme environments of the Cenozoic Matthew Pound
Ulrich Salzmann

18 Plant evolution; floral diversity and the response of plants to environmental stress 
from deep time

Wolfram M. Kürschner
Heather Pardoe
Christopher Cleal

19 Databases, online services and digital lterature: response to challenges of 
palaeobotany in XXI century

Jiri Kvacek 
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20 Plant evolution and geobiosphere interactions as a driver of Earth System Borja Cascales-Miñana
José B. Diez
Xin Wang
Charilaos Yiotis
Joseph D. White
Jennifer C. McElwain

21 Early evolution of soils and their biological components Paul Kenrick
Christine Strullu-Derrien
Chris Berry

22 Celebrating the career of Bill Chaloner - from palaeoproxies to nomenclatural 
issues

Margaret E. Collinson
Andrew C. Scott

23 Geochemical and molecular proxies from fossil plants and palynomorphs: new 
techniques, new challenges

Barry Lomax
Phillip Jardine
Daniela Festi
Keith Bennett
William Fletcher
Alistair Seddon
Wesley Fraser

24 Can the past unlock the future? Using palaeobotany & palaeoecology to predict 
future ecological trends

Karen Bacon
Claire M. Belcher

25 Cenozoic plant diversity gradients in time and space and their impact on early 
humans (ROCEEH/NECLIME)

Alexandra-Jane Henrot
Louis François
Torsten Utescher
Angela A. Bruch
Natalia Rudaya
Dimitrios Velitzelos
Peta Hayes

26 Quaternary vegetation, climate, fire, and plant resilience in Europe and the Near 
East

Andrea Miebach
Nadine Pickarski
Laura Sadori
Angelica Feurdean
Walter Finsinger
Graciela Gil Romera  
Lyudmila Shumilovskikh

27 Work vertically, think 3-dimensionally: palaeocology in topographically complex 
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Plen01

THE TERTIARY AND QUATERNARY VEGETATION HISTORY OF IRELAND

Pete Coxon 

Department of Geography, Trinity College Dublin, Dublin, Ireland 

Ireland’s diverse and rugged scenery is the product of both long-
term landscape evolution and repeated and very extensive glaci-
ation during the last 2.6Myr (Quaternary). Despite complete and 
highly erosive ice cover (e.g. during the LGM) biogenic deposits 
have survived (Coxon and McCarron 2009). This talk will outline 
the biostratigraphic evidence that allows us to gain an insight into 
both Neogene and Pleistocene landscape evolution and into Ire-
land’s vegetation history.

The search for Ireland’s Palaeogene and Neogene (e.g. Mitchell 
1980) has led to the discovery of a number of remarkable sites 
many of which are located on Carboniferous limestone. Some of 
these deposits provide irrefutable evidence of Tertiary surfaces, 
e.g. the gorge and cave infills at Pollnahallia in County Galway 
and the associated (immediately) subsurface Pliocene lignites 
whilst others, especially landforms and cave sediments, remain 
enigmatic. Furthermore the identification of a Neogene surface 
overlying weathered granite in Connemara (Coxon 2001; Coxon 
and McCarron 2009) opened up the possibility of finding further 
datable palaeosurfaces on rocks other than limestone in Ireland.

The majority of Irish Pleistocene temperate stage deposits are be-
lieved to be related to one stratotype sequence (the Gortian). The 
latter are characterised by a Holsteinian (MIS 11) style vegetation 
succession but attempts at dating suggest the deposits may be 
younger and may indicate the repetition of Holsteinian style vege-

tation succession in more than one interglacial.

This talk will examine the nature of Irish Pleistocene biogenic de-
posits, their gemorphological setting and accommodation space 
and their floristic assemblages. A possible complete sequence of 
last interglacial (MIS 5e) age at Knocknacran will also be presented 
along with organic sediments believed to date to MIS 5 that lie on 
a raised rock platform around Ireland’s coast.

  Coxon, P. 2001. Understanding Irish landscape evolution: Pol-
len assemblages from Neogene and Pleistocene palaeosurfaces in 
western Ireland. Proceedings of the Royal Irish Academy, 101B (1–2), 
85–97

Coxon, P. and McCarron, S.G. 2009. Cenozoic: Tertiary and Quater-
nary (until 11,700 years before 2000) in, editor(s) Charles H. Holland 
& Ian S. Sanders, The Geology of Ireland (2nd Edition), Edinburgh, 
Dunedin Academic Press, 2009, pp355 – 396.

Coxon, P., McCarron,S. and Mitchell, F. (eds) 2017. Advances 
in Irish Quaternary Studies. Atlantis Press. Paris. 316pp. DOI 
10.2991/978-94-6239-219-9

Mitchell, G.F.   1980.   The search for Tertiary Ireland. Journal of 
Earth Sciences Royal Dublin Society, 3, 13–33.

Plen02

PALYNOLOGY FROM THE PERSPECTIVE OF A POLLINATION BIOLOGIST

Jane Stout 

Trinity College Dublin, Dublin, Ireland 

Pollination is the process of release, transfer and deposition of the 
male microgametophyte, the pollen, from anther to stigma in seed 
plants. This process has influenced the evolution of pollen grains 
- their structure, chemical composition, how they are stored and 
released, temporal and spatial patterns of dispersal, and longevi-
ty. The study of pollen contributes to several scientific disciplines 
including biostratigraphy, taxonomy, melissopalynology, archae-
ological palynology and even forensics, linking the accused to a 
victim and a place, and methods can be shared across disciplines. 

For pollination biologists, the study of pollen can help us to un-
derstand plant evolution, breeding systems and gene flow, as well 
as pollinator behaviour, foraging, diet and response to landscape. 
The quantity and quality of pollen production can influence both 
the reproductive success of plants, and, as the primary source of 
protein for many pollinating insects, the fitness of these animals. 
In this talk, I will use examples from my own work on bee health, 
invasive plants, and crop pollination, to illustrate how palynology 
contributes to contemporary pollination biology.
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Plen03

THE EVOLUTION OF GRASSES AND GRASSLANDS

Caroline Stromberg 

University of Washington, Seattle, USA 

Poaceae (grasses) is arguably among the most important plant 
families on Earth today, dominating vegetation in several eco-
systems together estimated to cover nearly half of the terrestrial 
surface. These ecosystem, which include savannas, woodlands, 
and grasslands are of immense importance both ecologically and 
economically; they influence global climate and biogeochem-
ical cycles, and provide habitat and food for billions of animals, 
including humans. Yet, grasses are thought to have evolved only 
in the Late Cretaceous, and to have remained relatively rare until 
the mid-late Cenozoic. Investigation into the evolutionary histo-
ry of grasses and grass-dominated habitats was long inhibited by 
the scarce and often ambiguous fossil record of grass macrofossils 
and pollen, forcing paleontologists to rely on indirect evidence, in 
particular the occurrence of fossil mammals reminiscent of mod-
ern grassland dwellers. In recent years, plant silica (phytoliths) 
has emerged as an alternative means of tracking grass-and grass-
land evolution. Unlike pollen and most macrofossils, grass phy-
toliths are diagnostic of ecologically distinct grass subclades; in 
addition, phytoliths occur in facies that do not typically preserve 
plant fossils, such as those reflecting well-oxidized floodplain en-
vironments.Combined with other paleontological and geochemi-
cal evidence, phytolith data collected on several continents (e.g., 
North and South America, Asia, Africa) have started to uncover 

the Cretaceous taxonomic radiation and early ecology of the grass 
clade, and the complex assembly of the grassland biome during 
the Cenozoic. Existing data indicate that crown-group grasses had 
undergone diversification by the end of the Cretaceous and were 
present on several Gondwanan continents; in addition, they may 
have formed a substantial part of some plant communities in India. 
Open-habitat grasses started diversifying at least by the late Eo-
cene, long before their rise to dominance in the Oligocene or Mio-
cene, with the exact timing varying among continents and regions. 
Similarly, C4 grasses diversified well before their late Miocene-Plio-
cene ecological expansion at low-mid latitudes. The decoupling 
between taxonomic radiation and increase in abundance points 
to different causal factors for these events. Comparison between 
faunal and plant silica-based floral data also shows that presumed 
grazers did not evolve in tight coevolution with grasslands. Thus, in 
North America and Eurasia, grass-dominated vegetation preceded 
grazer types by several million years; in South America grazer-like 
morphology originated independently of grasslands, in non-analog 
palm shrublands. These results suggest that region-by-region stud-
ies integrating multiple lines of evidence are required to test what 
factors contributed to the unrivaled success of the grass clade.
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Key01

A WORLD FULL OF AMBER

Leyla Seyfullah 

University of Göttingen, Göttingen, Germany 

Amber is a remarkable substance. It is fossilised plant resin, where 
the originally liquid resin solidifies and then, whilst buried, ma-
tures to become amber. This means that both biological and geo-
logical processes are involved in the formation of amber. Apart 
from a few famous deposits, amber was thought of as generally 
rare in the fossil record, only known from some locations and time 
points. It is most famous for the fossil organisms that it contains, 
some of which are exceptionally well preserved. This has meant 

that interest in amber research has continued, recently resulting 
in an explosion of new amber deposits being found and described 
from many new locations with different ages. This gives us a wealth 
of new information not just on the entrapped organisms, but also 
clues into past climates and environments preserved in amber. We 
now recognise that there are major times in earth history where an 
abundance of amber is found, across the world.

Key02

EXPEDITIONS TO THE ANTARCTIC

Benjamin Bomfleur 

Institute of Geology and Palaeontology – Palaeobotany University of Münster, Münster, Germany 

Antarctica today is the coldest, driest, most remote, and most in-
hospitable continent on our planet, and about 99 percent of the 
Antarctic landmass is currently buried under an ice sheet up to 
four kilometres thick. However, sedimentary rocks exposed along 
the coastlines and in isolated mountain ranges host a rich fossil 
record from former, warmer times in Earth History that already 
attracted the attention of early Antarctic explorers. Exceptional 
plant-fossil deposits from the Permian to Jurassic of the Transant-

arctic Mountains allow us to reconstruct the lush vegetation of 
Antarctica’s past in great detail. After a brief introduction about 
the history of Antarctic research from the earliest days of explora-
tion to the present, this presentation gives an overview about the 
most exciting Antarctic plant-fossil deposits, and takes the audi-
ence on a short stroll through the peculiar Triassic Polar Forests of 
Gondwana.

Key03

MAINTAINING THE AIR THAT WE BREATHE: WHY WE NEED TO UNDERSTAND LONG-
TERM FIRE-FEEDBACKS TO THE EARTH SYSTEM IN ORDER TO MANAGE OUR FUTURE

Claire M. Belcher 

wildFIRE Lab, University of Exeter, Exeter, United Kingdom 

Fire is a natural process that is integral to the functioning of our 
planet. It has both destructive and regenerative effects on ecosys-
tems and is an essential tool for man, yet is a foe that society must 
manage and face. Earth’s ecosystems provide a source of fuel that 
lead to fires that consume huge quantities of biomass across all bi-
omes from tundra to savanna and from boreal to tropical forests. 
The first evidence of ancient fire predates even the appearance of 
the dinosaurs, and fires are believed to have occurred on Earth 
for the last 410 million years of Earth’s history. Throughout this 
huge tract of time the unique products that fires generate have in-
teracted with the carbon and nutrient balance of the planet both 

immediately after the fire through to much longer timescales op-
erating over millions of years. Fire is therefore an important Earth 
System process. The concept of the Earth System considers the re-
lationship between individual processes with one another in order 
to understand how they interact to ensure a stable environment 
that allows all life to thrive. In this talk I will outline the signifi-
cant role that fire plays in regulating the amount of oxygen in the 
atmosphere; maintaining the air that we breathe. My aim being to 
highlight that it is necessary to include consideration of the long-
term role that fire plays in sustaining the habitability of the planet.
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O001

PALEOZOIC PALYNOLOGY OF THE ARABIAN PLATE: A SYNOPSIS AND HISTORICAL 
PERSPECTIVE

Said Al-Hajri, Marco Vecoli, Pierre Breuer, Christian Cesari, Nigel Hooker 

Exploration Technical Services Department, Saudi Aramco, Dhahran, Saudi Arabia 

Palynological investigations of the Paleozoic rocks of Saudi Ara-
bia have developed in parallel with the growing need for detailed 
understanding of subsurface stratigraphy, to meet the demands 
of hydrocarbon exploration in the Kingdom. Pioneering work of 
Saudi Aramco palynologists since the ‘60s demonstrated the pres-
ence of exceptionally abundant and well-preserved palynomorph 
assemblages and their huge potential for establishing reliable 
operational biozonations. A major impetus for further develop-
ment and refinement of palynological biozonations followed the 
important hydrocarbon discoveries from Saudi Arabian Paleozoic 
successions during the ‘80s and ’90s, with an increased need for 
an improved understanding of the Paleozoic sediments. The estab-
lishment of a successful, long-term collaboration between Saudi 
Aramco and the CIMP (Commission Internationale de Microflore 
du Paléozoïque) was highly beneficial and resulted not only in the 
establishment of a robust biostratigraphic zonation of Cambrian 
to Permian strata, but also in a number of important scientific dis-
coveries. Presently, we face new challenges of discovering uncon-
ventional hydrocarbon resources, and smaller conventional fields 
with subtle trapping mechanisms. The contribution of palynolo-
gy is therefore even more crucial in all phases of exploration and 
development.

The Paleozoic Saudi Aramco Operational Zonation comprises 43 

palynozones (2 in the Cambrian, 8 in the Ordovician, 8 in the Silu-
rian, 9 in the Devonian, 8 in the Carboniferous, and 8 in the Perm-
ian) defined by First Downhole Occurrences (FDOs) of about 200 
palynomorph taxa (spores, pollen, acritarchs and chitinozoans) 
and assemblages characteristics. Within each zone, further strati-
graphic subdivision is provided by distinct bioevents (e.g., FDOs 
and acmes) of regional importance. Some of the key taxa have a 
worldwide distribution and allow calibration of the zonation with 
type sections of Global Stages; in other instances, co-occurrence 
of macro- or meso-fossils (e.g., graptolites, trace fossils, plants) 
permit even more accurate correlation with the standard Global 
Chronostratigraphy. In the lower Silurian, for example, the study 
of graptolites recovered from extensively cored sections resulted in 
a robust integrated palynological-graptolite biozonation forming 
the base of the chronostratigraphic and depositional model for 
the organic-rich “Hot Shales” of Saudi Arabia. Other applications 
of the palynological zonation concern the subsurface mapping 
and understanding of stratigraphic architecture, depositional pa-
leoenvironments and paleoclimatic settings of many important 
exploration targets such as source rocks and reservoir horizons in 
the Cambrian-Ordovician Saq and Qasim formations, the Upper 
Ordovician glaciogenic Sarah Formation, the Devonian Tawil, Jauf 
and Jubah formations, and the Carboniferous-Permian Unayzah 
Group and Khuff Formation.

O002

CAMBRIAN AND ORDOVICIAN ACRITARCHS FROM SAUDI ARABIA

Stewart Molyneux1, Marco Vecoli2, Merrell Miller3,4, Alain Le Hérissé5, Christian Cesari2, Kaya Ertug2 
1British Geological Survey, Nottingham, United Kingdom. 2Saudi Aramco, Dhahran, Saudi Arabia. 3the irf group, Tulsa, USA. 

4The University of Tulsa, Tulsa, USA. 5Université de Bretagne Occidentale, Brest, France 

Studies of Cambro-Ordovician acritarchs from Saudi Arabia have 
focussed on the Middle and Upper Ordovician, whereas Cambrian 
and Early Ordovician (Tremadocian–Floian) acritarchs are compar-
atively poorly represented in the published Saudi record, probably 
because of unsuitable facies. Nonetheless, Cambrian acritarchs 
are known from the subsurface of eastern Saudi Arabia and from 
offshore in the Arabian Gulf. Published records from the former 
comprise a sparse, low diversity assemblage of early to middle 
Cambrian age, with Annulum squamaceum and Archaeodiscina spp., 
from the Burj Formation. A more diverse Cambrian assemblage of 
Furongian (late Cambrian) age, with typical marker species such as 
Ninadiacrodium dumontii and Trunculumarium revinium, has been 
reported from the Arabian Gulf offshore. A sparse assemblage of 
Tremadocian (Early Ordovician) aspect is known from the Saq For-
mation of onshore eastern Saudi Arabia. Higher levels in the Saq 
Formation (Sajir Member), of presumed Floian–early Darriwilian 
(Early–Middle Ordovician) age, have yielded low diversity assem-
blages, dominated by sphaeromorph acritarchs with few acan-
thomorphs or other morphologically complex forms. Diverse as-
semblages of acritarchs and associated chlorophycean algae from 
Saudi Arabia have been reported from the Hanadir Member (Darri-
wilian) at the base of the Qasim Formation, and include such char-
acteristic forms as Aureotesta clathrata, Barakella spp., Stelliferidium 
spp., Frankea breviuscula, F. longiuscula, Dasydorus cirritus, Dicrodi-
acrodium ancoriforme, Orthosphaeridium ternatum, Striatotheca spp. 

and Uncinisphaera fusticula. The Kahfah and Ra’an members of the 
Qasim Formation generally yielded low diversity assemblages, 
which nonetheless include some morphologically characteristic 
forms such as Monocrodium spp., Orthosphaeridium bispinosum and 
abundant Aremoricanium squarrosum. Diverse assemblages have 
also been described from the Quwarah Member, the highest of the 
four members of the Qasim Formation, with forms such as Cheleu-
tochroa spp., Multiplicisphaeridium irregulare, Neoveryhachium car-
minae, Orthosphaeridium spp., Tunisphaeridium spp., Veryhachium 
oklahomense, V. subglobosum and Villosacapsula setosapellicula. 
Latest Ordovician (Hirnantian) acritarch assemblages have been 
reported from the glaciogenic deposits of the Sarah Formation; 
these assemblages are characterized by stratigraphically admixed 
Ordovician palynofloras, with reworking of Middle and Upper Or-
dovician forms attributed to processes of glacial erosion and resed-
imentation. In-situ specimens include forms such as Eupoikilofusa 
platynetrella, E. cucurbita, large Baltisphaeridium, Veryhachium sub-
globosum and Villosacapsula setosapellicula. Reworked specimens 
are most commonly from the Hanadir Member and possibly also 
from the Kahfah and Quwarah members of the Qasim Formation. 
Lateral and stratigraphical changes in assemblages reflect environ-
mental control on species distributions, in response to lateral on-
shore–offshore trends and, stratigraphically, to successive marine 
flooding events.
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O003

ORDOVICIAN CRYPTOSPORES FROM SAUDI ARABIA AS A RECORD OF EARLY 
EMBRYOPHYTE EVOLUTION

Paul Strother1, Wilson Taylor2, Charles Wellman3, Philippe Philippe Steemans4, Marco Vecoli5, Sa’id Al-Hajri5 
1Boston College, Weston. Mssachusetts, USA. 2University of Wisconsis at Eau Claire, Eau Claire, Wisconsis, USA. 3The University 

of Sheffield, Sheffield, United Kingdom. 4Liège University, Liège, Belgium. 5Saudi Aramco, Dhahran, Saudi Arabia 

Unornamented dyads and undescribed tetrads occur in the upper-
most Saq Formation of Central Saudi Arabia, so these simple forms 
comprise the first occurrence of cryptospores in Saudi Arabia. 
These are followed by a well-characterized assemblage from the 
Hanadir Member of the Qasim Formation which includes the old-
est known examples of tetrahedral spore tetrads in the fossil record. 
The Hanadir assemblage overall comprises a number of well-char-
acterized cryptospore tetrads and dyads, most of which are also 
recovered in the uppermost Quwarah Member of the Qasim For-
mation and in the Sarah Formation. Many of the basic forms that 
characterize the cryptospore of the Qasim Formation persist well 
into the Silurian, and, as such, establish for the first time a core 
set of cryptospore taxa that, ultimately, share an evolutionary re-
lationship with the true land plants, the embryophytes. Although 
traditionally, paleobotanists have considered tetrahedral tetrads to 
represent the origin of land plants from their algal ancestors, from 
the perspective of the evolution of development in land plants, 
what this really signifies is the canalization of meiotic sporogen-
esis in the emerging plant life cycle. We have used morphology, 
topology and sporoderm ultrastructure of cryptospore tetrads and 
dyads to infer the status of character and character state evolution 

at a time during which the evolution of the plant sporophyte was 
not yet complete. Homogeneous sporoderm documented in Cryp-
totetras, and by inference, in Didymospora, and Tetraplanarisporites 
laevigatus, likely indicates a tapetal origin, which implies the ex-
istence of a unilocular sporangium at this time. This is also the 
first indication of vegetative (i.e., non-sporogeneous) tissue in the 
evolving sporophyte, although, admittedly, this is only inferred. 
There are reports of thin synoecosporal membranes covering some 
cryptospore tetrads and dyads in the assemblage, but, these have 
proved difficult to reproduce consistently, leading us to propose 
that the so-called “sporopollen transfer hypothesis” was complete 
by this time. The origin of land plants represents an evolutionary 
transition from simple to complex multicellularity as charophyt-
ic algae evolved in response to aeroterrestrial habitats. It did not 
occur as a singularity in evolutionary time, but required the serial 
accumulation of novel structures and tissues over an interval of 
geologic time. Ordovician cryptospores from Saudi Arabia contin-
ue to play a significant rôle in documenting the evolution of plant 
development through the fossil record, which is, after all, the most 
tangible form of the documentation of the pattern of evolution 
itself.

O004

CHITINOZOAN BIOSTRATIGRAPHY IN THE SILURIAN OF SAUDI ARABIA

Anthony Butcher1, Christian Cesari2, Pierre Breuer2, Hani Boukhamsin2, Kaya Ertug2, Marco Vecoli2 
1School of Earth & Environmental Sciences, University of Portsmouth, Portsmouth, United Kingdom. 2Exploration Technical 

Services Department, Saudi Aramco, Dhahran, Saudi Arabia 

The Silurian succession in Saudi Arabia is relatively thick, and 
includes the Qalibah Formation and the lower part of the Tawil 
Formation. The Qalibah Formation represents a coarsening-up-
ward sequence, which is divided into the Qusaiba and Sharawra 
members - their distinction is based upon the lithofacies (sand-
stone-shale ratio) in the succession, resulting in a diachronous 
boundary controlled by localised depositional environments. The 
age of this boundary varies from Aeronian, in central Saudi Arabia, 
to early Homerian in the northern part of the Nafud Basin. As a 
major phase of global warming developed during the Llandovery, 
the Arabian Platform was flooded as sea level rose rapidly after the 
Hirnantian glaciation. Shallow to deeper marine environments 
were established and thick, organic-rich and fine-grained depos-
its from the Qusaiba Member accumulated across much of Saudi 
Arabia. In the late Llandovery-Wenlock, the sandstone-dominat-
ed Sharawra Member indicates shallower water depths and higher 
energy conditions than the underlying shale-dominated Qusaiba 
Member. After a period of uplift, the Sharawra Member was over-
lain unconformably by the fluvial to marginal marine sediments 
of the Tawil Formation, which was deposited throughout the Lud-
low and Pridoli.

Although rich palynological assemblages, including chitinozo-
ans, are recovered from both members of the Qalibah Formation, 
the maximum chitinozoan diversity is recorded in the Qusaiba 
Member due to its more marine nature. Spinachitina fragilis, Be-
lonechitina postrobusta, Ancyrochitina udayanensis, Conochitina alar-

gada, Sphaerochitina solitudina, Angochitina macclurei, Plectochitina 
longicornis, Euconochitina silurica, Anthochitina jawfensis and Salo-
pochitina monterrosae are examples of chitinozoans having their 
FDOs in the Qalibah Formation, allowing high-resolution correla-
tion of stratigraphic horizons within this unit. The integration of a 
recent study of the graptolites from numerous Saudi Aramco wells 
by Williams et al. (2016), refined the chronostratigraphic control 
of chitinozoan FDOs through the Qusaiba Member. Although the 
lower Tawil Formation was deposited in predominantly continen-
tal settings, marginal marine assemblages occur in more distal set-
tings in the Nafud Basin and in the Arabian Gulf. In these distal 
locations, the chitinozoan assemblages are successively character-
ised by species such as Fungochitina kosovensis, Margachitina elegans 
and Anthochitina superba.

The current Saudi Aramco operational zonation scheme compris-
es eight main palynozones in the Silurian. In addition the FDOs of 
23 chitinozoan species are routinely used as correlative events on 
a regional scale. 

References:
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Understanding both the long term carbon cycle and rapid per-
turbations in atmospheric CO2 observed through the geological 
record has become an increasingly important area of scientific 
enquiry.   Recently a new method has been developed based on 
carbon isotope composition (δ13C) of C3 plant material and dis-
crimination (Δ13C) with changes in Δ13C being used as a basis to 
reconstruct CO2. From an ecophysiological standpoint changes 
in Δ13C are driven by changes in plant water use efficiency (WUE) 
which are ultimately controlled by the opening and closure of sto-
matal pore complex to regulate gas exchange. For Δ13C to be used as 
an accurate and precise method for reconstructed pCO2 the major 
requirement is to demonstrate that pCO2 is the main driver of the 
opening and closure of the stomata and that this is independent 
of other environmental conditions that can alter Ci/Ca (ratio of in-
ternal CO2 to external CO2) which in turn influence WUE. Here we 
look to test one of the most important factors associated with Ci/

Ca, namely water availability and how this factor influences the 
predictive capability of Δ13C to be used as a proxy to predict pCO2.

Arabidopsis thaliana was subjected to six separate CO2 experi-
ments, with CO2 held at concentrations of 400, 760, 1000, 1500, 
2000 and 3000ppm. Nested within each CO2 treatment, plants 
were also subjected to one of three watering regimes, (10 ml-1 day-
1 7cm pot-1) a medium water treatment (20 ml-1 day-1 7cm pot-1) 
or high water treatment (consistently saturated compost) resulting 
in 117 calculations of Δ13C. These data where then used to generate 
predictions of CO2 which were then compared to measured values 
for validation. Our data show large differences between predicted 
and measured growth CO2 with this variation increasing as atmo-
spheric CO2 in the chamber increases. Our results demonstrate 
that environmental factors that alter stomatal opening can severe-
ly impact on the use and reliability of Δ13C to predict CO2 and as 
such, results should be interpreted with caution.
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Incoming ultraviolet radiation (UV-B) has experienced large 
changes throughout Earth’s history with major consequences for 
biodiversity and ecosystem functioning, but reconstructing past 
UV-B to investigate impacts on ecosystems on millennial times-
cales or longer remains a major challenge. It has been suggested 
that UV-B absorbing compounds found within the sporopollen-
in of pollen exines (e.g. para-Coumaric acid) are enriched in high 
UV-B environments, and studies have proposed that variations in 
the concentrations of these compounds in fossil-pollen could act 
as a UV-B proxy for reconstructing UV-B over thousands of years. 
However, whilst more researchers are becoming interested in the 
potential use of these pollen-chemistry approaches for recon-
structing past UV-B irradiance, the opportunities offered by the 
rigorous procedures in experimental UV-B research on other plant 

processes have not been taken advantage of by palaeoecologists. 
Here, we present a new research strategy related to the future the 
development of this proxy designed for use on Pinus spp. pollen, 
using techniques borrowed from experimental UV-B ecological 
research. The strategy aims to improve both methodology and 
fundamental ecological understanding of the mechanisms under-
lying pollen chemistry techniques by addressing three challenges 
(i) analytical precision; (ii) uncertainty characterisation, and (iii) 
understanding the dose-response relationship of between pollen 
chemistry and UV-B. The goal is to develop a robust proxy meth-
odology grounded in contemporary ecological understanding, so 
that the method can be used  to address a suite of palaeoclimatic 
and palaeoecological applications.
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Quaternary palynologists are heavily reliant on the use of mor-
phological analysis of sub-fossilised pollen grains to document 
compositional assemblage changes through time. However, tra-
ditional methods for pollen identification based on morphology 
are time consuming and limited by taxonomic precision. Fourier 
transform infrared (FTIR) spectroscopy has been proposed as a 
promising alternative approach, which uses the information on 
chemical composition of pollen by characteristic spectral bands 
and features, using specific signals from lipids, carbohydrates, 
sporopollenin and other cell wall biopolymers that can be used to 
fingerprint species. The chemical composition of fresh pollen has 
also been shown to respond to seasonal variation in temperature 
and UV-radiation. To apply this approach to pollen grains extract-
ed from sediment cores, it is important to understand the drivers 
of chemical variation within (i.e. along climatic gradients) and 
between species. It is also essential to understand how chemical 
procedures routinely used in pollen analysis can affect the com-
pounds used for species identification. Diagenesis and sample pro-
cessing (acetolysis) exposes pollen grains to intense degradation, 

while the grains remain intact to allow for morphological identifi-
cation, changes in the chemistry are largely unknown.

This study aims to apply FTIR pollen-chemistry methods on Quer-
cus and Eucalyptus pollen sampled from wild populations in Aus-
tralia, Portugal and botanical Gardens in Europe as well as Quercus 
pollen from an environmental and climatic gradient in Portugal. 
Here, we present work which investigates whether: (i) taxonomic 
signals in chemical spectra of Quercus and Eucalyptus groups can be 
identified down to species level, (ii) if chemical variation between 
Quercus species along a climatic gradient can be observed, (iii) 
how the application of single grain measurements with reproduc-
ible spectra to enable classification of single pollen grains using 
µFTIR-spectroscopy. These results represent an important stepping 
stone for applying pollen-chemistry techniques to fossil samples. 
Improved taxonomic resolution would improve our understand-
ing of Quercus expansions and contractions in response to climate 
changes during the Quaternary, as well as fire-vegetation dynam-
ics in Eucalyptus dominated systems.
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A new multi-century-long stable carbon isotope chronology was 
built on the basis of sub-fossil tree trunks and contemporary wood 
of Norway spruce (Picea abies (L.) Karst.). This wood was excavated 
from the bottom of Schwarzensee lake and sampled from the trees 
growing around this lake. Schwarzensee is a small mountain lake 
which lies in the region of the Dachstein Mountains in Austrian 
Alps. The aim of this research was to reconstruct the past climate 
conditions in the area of Eastern Alps.

The isotopic composition of wood was measured by the applica-
tion of continuous flow Isotope Ratio Mass Spectrometer IsoPrime 
EA-CF-IRMS connected to the elemental analyser EuroVector. Pri-
or to isotopic measurements, α-cellulose was extracted from the 
whole annual growth-rings. For each year of chronology a pooled 
sample of wood averaged from several trees was prepared.

As a result of the measurements 1800-year long chronology of 
stable carbon isotopes, covering the period 200 – 2000 AD, was 
obtained. This chronology was referenced against the meteorolog-
ical record from the Schwarzensee area. For this purpose monthly 
averaged data of temperature and sun radiation as well as monthly 
sum of precipitation were used. The calculations were carried out 

by the application of the DENDROCLIM 2002 software. Moreover, 
negative and positive pointer years were determined and com-
pared with the weather instrumental data of the corresponding 
calendar years.

As a result of the conducted research it was determined that the 
strongest connections occur between meteorological parameters 
and δ13C in the summer months. A positive correlation was ob-
served for sunshine and temperature level during June, July, Au-
gust and September. In turn, for the monthly sum of precipitation 
the negative relationship was visible during July and August.

High high-frequency correlations with summer temperature and 
sunshine level, and a weaker relationship with precipitation indi-
cate that the Schwarzensee chronology has a strong climatic sig-
nal and can be used to reconstruct climate conditions. However, 
the final ratio of stable carbon isotopes is most probably the re-
sult of interdependences that exist between several inter-related 
weather parameters.

This work was supported by the Austrian Science Fund FWF [grant 
number M 1127-B16, P 23998-B16].
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The Deccan Intertrappean beds of upper Cretaceous (Maastrich-
tian) to Paleocene age are rich in angiosperms comprising both 
dicotyledons and monocotyledons preserved especially in the 
form of permineralizations. Silicified within chert, the plants re-
veal details of morphology and anatomy through examination of 
fractured surfaces, serial sectioning, and successive acetate peels. 
In addition to numerous petrified woods, the flora is rich in well 
preserved silicified flowers and fruits. More than 35 genera of 
fruits and flowers have been recognized but most of them require 
intensive comparative work to assess their systematic affinities 
with confidence. Recovery of new specimens and the application 
of new methods, including virtual 3-dimensional imaging from 
successive peels and X-ray CT scan data using Avizo software, and 
investigation of pollen grains by both transmitted light and scan-
ning electron microscopy, are improving our knowledge of the 
morphology and anatomy of these reproductive structures.  On-
going investigation of the classic Mohgaonkalan locality (N 
22°01’01.6”,  E 079°10’57.9”), is leading to improved understand-
ing some genera of clear familial affinities, and others with still 
elusive affinities.  Regarding dicot fruits and flowers, some of the 
confidently identified families and orders include Lythraceae 
(flowers of Sahnianthus and associated fruits of Enigmocarpon), Zin-
giberales (“Musa” cardiosperma) and recently recognized seeds of 
Vitaceae (Indovitis chitaleyae).  A large number of other taxa present 
unusual character combinations suggesting that prior taxonomic 

assignments are in need of reevaluation.   Inflorescences, flowers 
and in situ pollen of the extinct genus Sahnipushpum preserve an 
abundance of distinctive morphological and anatomical charac-
ters, showing overlap both with Piperales and Araceae, yet its sys-
tematic position does not conform precisely to any modern family. 
Other taxa under investigation include the monocots Viracarpon, 
Tricoccites, Pantocarpon,  Nypa, Palmocarpon, Arecoidocarpon,  Mono-
cotylostrobus,  Hyphaeneocarpon, Graminocarpon  (not really a grass), 
and a variety of other angiosperms fruits including Indocarpa, 
Sahniocarpon, Harrisocarpon, Baccatocarpon, Centrospermocarpon, 
Chitaleocarpon, Daberocarpon, Deccanocarpon, Gyrocarpusocarpon, 
Triloculocarpon,   Lytherocarpon, Oleaceocarpon,     Surangea  (capsu-
lar fruit--not a fern synangium as originally thought), a triseriate  
and Wingospermocarpon fruits. The flowers include Chenopodioan-
thus (bearing pollen that excludes assignment to Chenopodiaceae), 
Raoanthus (syn. Sahnianthus), Deccananthus, Tetraplasandranthus, 
Chitaleypushpum (syn. Sahnianthus), and newly found apocarpous 
polypetalous, tricarpellary,  and pentacarpellary syncarpous flow-
ers.  Some of these fossils present unusual character combinations 
that we have not been able to identify with certainty to modem 
families. In some instances they may represent extinct clades that 
may have evolved in isolation on the Indian subcontinent.

  Keywords: Maastrichtian, Deccan Intertrappean, India, Fruits, 
flowers.
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The flora of the Deccan Intetrappean Beds, extending from Maas-
trichtian to Paleocene, includes a diverse angiosperm flora, with 
many components of uncertain familial affinity. The Malvaceae 
are well represented and readily recognizable in these beds based 
on dispersed pollen, fruits and wood. Pollen attributable to the 
Malvoideae is known from the classic locality of Mohgaonkalan 
and other sites. Studied by both light and scanning electron mi-
croscopy, these globose grains are characterized 3 poroidate ap-
ertures and numerous bulbous-based spinesconsistent with the 
Abutileae. Two genera of fruits with similarities to Malvoideae 
have been recognized, both from Mohgaonkalan: Harrisocarpon 
sahnii Chitaley & Nambudiri and Daberocarpon gerhardii Chitaley 
& Sheikh, based on radially symmetrical capsules of five 2-seed-
ed locules and ten single-seed locules, respectively. The holotypes 
of these species, represented by physically sectioned and peeled 

specimens providing detailed anatomical information, have 
been supplemented by new specimens revealing 3-dimensional 
morphology by nano-CT scanning. Continuing investigation is 
aimed at reevaluating the affinities of these fruits, which do not 
seem to correspond precisely to any extant clade within the fami-
ly. Malvaceous woods include Grewinium canalisum (Bande & Sri-
vastava) Srivastava & Guleria from Nawargaon and Mohgaonkalan 
plus Sterculinium deccanensis (Lakhanpal, Prakash, & Bande) Gule-
ria from Mohgaon, Mandla, and Sterculinium shahpurensis (Bande 
& Prakash) Guleria from Ghughua, near Shahpura. These woods, 
representing Grewioideae and Sterculioideae, do not appear to be 
directly related to the fruits and pollen described above, but attest 
to diversity within this family in India when the subcontinent was 
still isolated from other major land masses and positioned in the 
equatorial climate belt.
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The fossil record of palms (Arecaceae) is long, rich, and geographi-
cally extensive. Although palm fossils are easily recognized owing 
to their distinctive anatomy and morphology, they can be noto-
riously difficult to identify below the family level. This is due in 
part to the large size of vegetative organs, fossils of which can be 
difficult to recover intact, convergent evolution of many mor-
phological characters within the family, relatively little accessible 
information on comparative anatomy and morphology at the 
species and genus level, and the large size of the family (~2400 
species in 183 genera), which makes taxonomic comparisons un-
wieldy. This impedes the utility of the fossil record in understand-
ing the evolutionary history of the family. However, reproductive 
organs like flowers and fruits have been shown in numerous other 
groups to possess taxonomically informative characters necessary 
for placing fossils and elucidating evolutionary relationships. 
For these reasons, fossilized reproductive structures of palms rep-
resent a promising source of information for understanding the 
evolutionary history of palms in deep time. Here we illustrate the 
challenges of studying fossil palms and the utility of reproductive 
structures using examples from our studies of silicified fruits and 

flowers from the Maastrichtian–Danian Deccan Intertrappean 
Beds of India. Some of these fossils can be confidently placed with-
in tribes or subtribes of the family, while others remain ambiguous 
despite exceptional preservation of fruit and seed characters. To 
help place these fossils in systematic context, we compiled an ex-
tensive genus-level dataset of palm fruit morphology using X-ray 
micro-computed tomography of herbarium and fresh collected 
specimens, supplemented with descriptions in the literature. Al-
though some clades possess clear and reliable synapomorphies, in 
many cases palm subfamilies and tribes are characterized by suites 
of morphological traits for which there are often exceptions. We 
conclude that reliable taxonomic placement of fossilized palm re-
productive organs often requires exceptional preservation of fruit, 
seed, and sometimes floral characters, and should be aided by phy-
logenetic analyses. Based on our studies of fossil and extant palms 
we propose criteria for identifying palm fruit fossils and other re-
productive structures, highlight important characters that define 
palm subgroups, and discuss the diversity in palm fruit morphol-
ogy, which goes well beyond the archetypal ‘single-seeded drupe’.
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The past vegetation and climate of West Antarctica and the evo-
lution of its highly sensitive and dynamic ice sheet are poorly 
constrained by geological data. The few existing far-field data, and 
even fewer proximal records, indicate a major ice-sheet build-up in 
West Antarctica from the Oligocene to the Miocene, with partial 
or even complete ice-sheet collapses during warm Late Cenozoic 
intervals with near-modern atmospheric CO2-concentrations. 
Here we present first palynological results from the MeBo70 sea-
bed drill cores collected in early 2017 from the Amundsen Sea 

shelf. The cores contain unconsolidated to highly consolidated 
sediments of Cretaceous to Holocene age. Preliminary analyses 
of pollen, spores and dinoflagellate cysts indicate that during the 
Cretaceous and early Paleogene the Amundsen Sea Embayment 
was covered by warm-temperate and temperate forests. The paper 
will focus on Turonian to Santonian (ca. 93-85 Ma) peat layers in 
the oldest sections of the cores, which contain micro- and macro-
fossils documenting the evolution of a highly diverse, conifer-rich 
swamp forest during the Late Cretaceous.
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Early Paleocene floras from western North America are domi-
nated by long lived, cosmopolitan taxa and are typically less di-
verse than latest Cretaceous floras.   Analyses of the floral record 
suggests low rates of species turnover through most of the Paleo-
cene, and at least for the Northern Great Plains, relatively low 
rates of origination during the early Paleocene.   These low rates 
of turnover and origination in the Northern Great Plains may be 
linked to a pattern of decreasing species richness from the ear-
ly to the middle Paleocene concurrent with a decrease in mean 
annual temperature.    However, due to the lack of research from 
southern North America, whether this pattern is representative 
of the Paleocene floral record or if there are regional differences 
between northern and southern floras is unclear.   The San Juan 
Basin (SJB), located in northwestern New Mexico, preserves a con-
tinuous sequence of early Paleocene terrestrial deposits making it 
an ideal area to study early Paleocene fossil floras from southern 
North America.   Here we present reconstruct floral diversity and 
paleoclimate during the first 2.0 Myr of the Paleocene in the SJB.   
 
Fossil floras were collected from the early Paleocene Ojo Alamo 
Sandstone and lower Nacimiento Formation (~66.0 to 64.0 Ma). 
These floras are equivalent with the Puercan (Pu) 1 through Tor-

rejonian (To) 1 North American Land Mammal ages.  The SJB flora 
was composed primarily of endemic taxa dominated by dicotyle-
donous angiosperms with monocotyledonous angiosperms, pte-
ridophytes, conifers, and cycads as accessory taxa.   A significant 
facies effect on floral composition and diversity was observed in-
dicating a high degree of lateral heterogeneity in species compo-
sition across the basin.   Paleoclimate estimates indicate a warm 
(25.2 to 27.4 °C) and wet (1961 to 2554 mm/yr) climate, corre-
sponding with a modern tropical seasonal forest.  Numerous floral 
turnover events were found with large events at ~65.0 and ~64.5 
Ma contemporaneous with the Pu2 – Pu3 and Pu3 – To1 mammal 
transitions suggesting a regional mechanism. When compared 
to contemporaneous floras from western North America, the SJB 
flora was 30-60% more diverse and experienced higher rates of ex-
tinction and origination.   We hypothesize that the warmer and 
wetter climate in the SJB allowed for the development of greater 
floral diversity and that the thermophilic SJB flora was more sensi-
tive to changes in paleoclimate leading to increased floral turnover 
rates.  This suggests a differential latitudinal response and rapid es-
tablishment of a north-south diversity gradient following the K-Pg 
boundary.
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The Canadian High Arctic during the early Paleogene hosted di-
verse mesothermal mixed deciduous forests of ferns, conifers (e.g., 
Metasequoia and other Cupressaceae) and broad-leaved trees (e.g., 
Aesculus, Alnus, Betula, Juglans, and Ulmus), and a unique polar 
fauna (e.g., tapirs, alligators, and terror birds). These polar forests 
existed at time when global temperatures were much higher than 
modern values, punctuated by a series of superimposed short-
lived hyperthermal events (e.g., the Paleocene-Eocene Thermal 
Maximum (PETM) ca. 56 Ma, and the Eocene Thermal Maximum 
2 (ETM-2) ca. 53.7 Ma) - intense episodes of global warming that 
represent the warmest intervals of the Cenozoic. Late Paleocene 
to early Eocene deposits on Ellesmere and Axel Heiberg islands 
preserve fossil evidence of these high latitude forests that provides 
proxy evidence for the warm and wet climates (e.g., MAT ≥ 12 °C 
and MAP ≥ 150 cm/yr) that characterized the high latitudes at that 
time. Just as today, the High Arctic experienced extreme photic 
seasonality, with extended periods of continuous day and night 
during the respective polar summer and winter, yet with an other-
wise equable climate. The fossil megafloras of the Canadian Arctic 
Archipelago share many taxa across the boreal and polar latitudes 

of Europe and Asia, as well as coeval floras from mid-latitudes in 
North America, but also include some endemic elements. New 
descriptions of these megafloras offer insight into regional phyto-
geographic history during a climatically dynamic time in Earth’s 
history. The taxonomic composition and architectural character 
of the leaves in these floras may have been influenced by hyper-
thermal extremes and may offer insight into how these megafloras 
responded to Eocene climatic events. The composition of these 
fossil megaflora collections supports earlier studies based on pol-
len suggesting that the forests of the Canadian Arctic during the 
early Eocene were similar in diversity to modern mid-latitude tem-
perate mixed deciduous forests. Furthermore, contemporaneous 
floras of the northern Great Plains of North America (e.g., Bighorn 
and Williston basins) are similar in species diversity to these High 
Arctic floras, which suggests that the modern equatorial-polar di-
versity gradient was greatly reduced during the early Paleogene. 
The fossils of Ellesmere and Axel Heiberg islands thereby offer 
insight into polar vegetation growing beneath the midnight sun 
during a globally warm period in Earth’s history.
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FROM THE SAN JUAN BASIN, NEW MEXICO, USA
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The Cretaceous-Paleogene (K-Pg) boundary marks a critical ex-
tinction event in Earth’s history that is associated with a major 
perturbation to the global carbon cycle. We presently lack robust 
atmospheric CO2 (pCO2) estimates directly following the K-Pg 
boundary that can provide context to the climate and biological 
response. The few early Paleocene pCO2 estimates range between 
300-600 ppm; however, the age constraints on many of these es-
timates are relatively poor and have large uncertainties (± 0.5-1 
myr). Furthermore, there are few pCO2 estimates from the first 5 
million years of the Paleocene (~66-61 Ma). Thus, both short-term 
changes and long-term trends in pCO2 during the Paleocene are 
essentially unknown.

Here we reconstruct pCO2 for the early Paleocene (~65.6-62.0 Ma) 
using fossil leaves collected from the Nacimiento Formation in the 
San Juan Basin located in northwestern New Mexico, USA. Fossil 
leaves were collected from localities within a chronostratigraph-
ically well constrained section with age uncertainties for each 
locality of ± ≤ 0.1 myr. Atmospheric CO2 was estimated from the 

species Platanites raynoldsii using the traditional stomatal index 
method and two models based on basic plant gas-exchange. The 
pCO2 estimates were then paired with contemporaneous mean an-
nual temperature (MAT) estimates generated by using leaf margin 
analysis (LMA) and digital leaf physiognomy (DiLP) on fossil leaves 
to reconstruct regional climate sensitivity. The use of paired pCO2 
and temperature estimates from the same fossil localities ensures 
synchronous climate sensitivity estimates. Preliminary results in-
dicate that pCO2 was relatively low through most of this interval 
(~≤1000 ppm). These pCO2 estimates coupled with MAT estimates 
from the same floras suggest a regional climate sensitivity that is 
similar to, or slightly lower than, modern climate sensitivity. This 
record is the first to reconstruct pCO2 during the late Danian (63-
62 Ma), an interval that is relatively poorly studied in the terres-
trial realm. This type of combined pCO2 and temperature record is 
crucial in placing the anthropogenic rise in pCO2 into geological 
context, and has the potential to enhance our understanding of 
climatic response to major perturbations in the carbon cycle.
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A MODERN REVISION OF THE UPPER TRIASSIC FLORA FROM THE TATRA MTS, 
POLAND.

Agata Jarzynka1, Grzegorz Pacyna2, Zuzanna Wawrzyniak3 
1W. Szafer Institute of Botany Polish Academy of Sciences, Kraków, Poland. 2Institute of Botany, Jagiellonian University, 

Kraków, Poland. 3Department of Palaeontology and Stratigraphy, Faculty of Earth Sciences, University of Silesia in Katowice, 
Sosnowiec, Poland 

Described by Maryjan Raciborski in the 1890 floral assemblage 
from the Upper Triassic sediments of the Tatra Mountains need an 
up-to-date review. Modern description and illustrations are essen-
tial to fully understand this interesting fossil plant assemblage and 
to introduce it to a broader audience of palaeobotanists. Beauti-
fully situated in the West Tatras, fossil-bearing strata “Tomanova 
Beds” (sensu Raciborski) are part of Tomanova Formation, com-
posed of dark grey mudstones and sandstones. Interpreted as No-
rian-Rhaetian in age sediments are rich in ichnofossils, including 
dinosaurs footprints. Plants are preserved as impressions without 
cuticles suitable for preparation. The most abundant are fragments 
of stems and leafy twigs, usually accompanied with plant debris. 
The plant assemblage consists of horsetails, ferns and conifers. 
Noticeable is domination of sphenophytes remains. Raciborski 
described Schizoneura hoerensis (Hisinger 1840) Schimper 1869, Eq-
uisetum an bunburyanum?Zigno 1856 and Equisetum chałubińskii 
Raciborski 1890. Ferns are represented by genera Cladophlebis, 
Clathropteris, Coniopteris, Dictyophyllum. Nearly all of the species 

need to be revised. The least numerous are conifers.   Only two 
species were described Widdringonites sp. and Palissya brauni End-
licher 1847.  Specimens from historical collections housed in the 
Tatra Museum in Zakopane, Geological Museum of the Institute 
of Geological Sciences PAS in Kraków, Institute of Botany, Jagiel-
lonian University, Poland, and Natural History Museum in Stock-
holm, Sweden, were revised. Preliminary observations show that 
leaves of Equisetites chałubiński, an endemic horsetail described 
by Raciborski, have different morphological features from other 
Equisetites species. Moreover, the details of Cladophlebis roessertii 
forma parvifolia pinnules suggest that these specimens should be 
assigned to C. roessertii and Schizoneura hoerensis to Neocalamites 
lehmannianus (Goeppert 1846) Weber 1968.

The research were financed by the National Science Centre, Po-
land grant no. 2014/15/N/ST10/05142 (to ZW) and by the W. Szafer 
Institute of Botany Polish Academy of Sciences, through its statu-
tory funds and funds for young researchers in 2017 (to AJ).
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The profile of continental Jurassic sediments in the Cianowice2 
borehole (depth 265.3 – 244.0 m) shows four facies units reflect-
ing environmental changes in this area (flood plain – river chan-
nel – lake) and at the top a thick complex of regular cycles (flood 
plain – channel – flood plain – channel). The last was character-
ized by meandering and/or anastomosed channels. Each complex 
contains flora macroremains as well as palynomorphs. Although 
the diameter of the cores is quite small (10 cm), many small frag-
ments of macroremains are abundant in each sample. They are 
mainly leaves, but Cycadolepis scales from bennettite strobili are 
found sporadically. All four are composed mainly of bennettites 
and cycads representing species of Otozamites, Ptilophyllum, 
Pterophyllum, Nilssoniopteris, Anomozamites and cycads such as 
Ctenis and Pseudoctenis. Occasionally the seed ferns Pachypteris 
and Ctenozamites, ginkgophyte Pseudotorellia, fern Coniopteris 
and spenophyte Neocalamites occur. The assemblages, although 
all highly dominated by bennettites, differ in species composition, 

proportions of genera, and the presence of other taxa. The most 
diverse is the assemblage representing a river channel.

The composition of the assemblages shows a clear relationship 
with the type of environment, but at the same time the gross mor-
phology and cuticular structure of the plants show high uniformi-
ty: small leaf size and relatively thick cuticles through the whole 
sequence.

Pollen analysis of the four complexes suggests the presence of 
some more ferns (Klukisporites variegatus Couper, Marattisporites 
scabratus Couper) and the probable occurrence of Caytoniales (Vit-
reisporites pallidus Couper) and Cheirolepidiaceae (some pollen of 
Classopolis). The preliminary dating of the sequence based on the 
pollen analysis is Lower to Middle Jurassic (from Pliensbachian to 
Batonian/Callovian).



Page 46

O019

NEW DATA ON LOWER JURASSIC PLANTS FROM THE HOLY CROSS MOUNTAINS 
(CENTRAL POLAND)

Grzegorz Pacyna1, Danuta Zdebska1, Maria Barbacka2,3, Agata Jarzynka2 
1Institute of Botany, Jagiellonian University, Kraków, Poland. 2W. Szafer Institute of Botany, Polish Academy of Sciences, Kraków, 

Poland. 3Department of Botany, Hungarian Natural History Museum, Budapest, Hungary 

Plant fossils from the Lower Jurassic of the Holy Cross Mountains 
are known since the late 19th century. Pioneering research by Raci-
borski (1891, 1892) and Makarewiczówna (1928) provided the 
first data on the taxonomical composition of the flora, and some 
new taxa such as the gymnosperm male cone Ixostrobus were es-
tablished. The next new data for this flora were supplied by Rey-
manówna et al. (1987) and Barbacka et al. (2010, 2014). The follow-
ing plant groups were recognized: lycopsids, sphenopsids, ferns, 
seed ferns, cycadaleans, bennettitaleans, gnetaleans, ginkgoaleans 
and conifers (summarised in Pacyna 2013). Overall, this flora is 
similar to coeval floras of Sweden, Denmark and Germany but 
has fewer taxa and is less well preserved. In recent years, numer-
ous new collections of fossils have been gathered from the Lower 
Hettangian of the Gromadzice outcrop, one of the localities most 
prolific in fossils in this region. Plants are preserved in crevasse 
splay deposits and are dominated by leaves of ginkgoalean and 
czekanowskialean plants probably shed during dry seasons. Other 

taxa such as sphenopsids (Neocalamites), ferns (Phlebopteris, Dic-
tyophyllum), seed ferns (Sagenopteris, Pachypteris), bennettialeans 
(Otozamites), cycads (Nilsonia) and conifers (Brachyphyllum, Pityo-
phyllum and Stachyotaxus) are rare. Numerous lax female and male 
cones have been found among mats of Sphenobaiera, Podozamites, 
Desmiophyllum and Czekanowskia leaves. Only some of them could 
be unequivocally identified as Leptostrobus, Stachyopitys, Cycado-
carpidium and Ixostrobus. Many resemble female cones of Stachyo-
taxus and male cones of Ixostrobus and Stachyopitys, but important 
details differ in some specimens. This assemblage may contain 
new taxa for the European Lower Jurassic, and it also provides new 
important data on species poorly known at present.

This study is a part of the project financed from resources of the 
Polish National Science Centre, granted on the basis of decision 
no. DEC-2017/25/B/ST10/01273.
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RECOGNISING THE RANGE OF MORPHOLOGICAL VARIATION IN MICROSPORES 
PRODUCED BY A SINGLE FOSSIL PLANT SPECIES IN DISPERSED ASSEMBLAGES; NEW 

OBSERVATIONS FROM THE SLEIPNER FORMATION (MIDDLE JURASSIC) OF THE NORTH 
SEA.

David Bailey 

BioStrat Ltd, Ulverston, United Kingdom 

Many palaeobotanical studies of fossil plant remains that include 
in situ reproductive structures have highlighted the wide mor-
phological variation in microspores produced by a single parent 
species. Much of the variability is thought to reflect different 
stages of late ontogenetic development prior to dispersal. Under-
standing the full range of variation is critical in distinguishing 
between growth-related and species-dependent morphological 
features in dispersed assemblages.   It is generally assumed that 
most miospores in palynological samples are mature, because 
there is no advantage in plants releasing non-viable microspores. 
In certain terrestrial environments however, the microfloras may 
include significant numbers of immature specimens, which are 
introduced via normal erosion/weathering processes. These are 
observed in some units within the Sleipner Formation (Late Ba-
thonian-Mid Callovian) in the North Viking Graben, which was 

deposited in a lower coastal plain swamp environment. Minimal 
transport of plant debris is indicated by the abundance of cells 
and cell structures that remain linked together in life position, 
including remnant sporangia with attached microspores. The oc-
currence of variably mature specimens enables a better apprecia-
tion of the full range of morphological variation in microspores 
produced by a single fossil plant species. This is demonstrated here 
for a few of the more common spore types observed in the Sleipner 
Formation microfloras.  Several specimens of each are illustrated, 
reflecting different stages of late ontogenetic development, and 
arranged in order of increasing maturity. Examination of these 
“growth profiles” has also identified some previously undescribed 
morphological features related to the development and operation 
of the germination structure in these forms.
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A high-resolution pollen record from Lake Ohrid (DEEP core) 
provides new insights into the flora composition and vegetation 
changes over the last 17000 years. Given the fact that existing Late 
Glacial and Holocene records from Lake Ohrid suffer from discon-
tinuities in sedimentation, this study presents the first continu-
ous pollen record from Lake Ohrid. Furthermore, the comparison 
of the new Late Glacial-Holocene record with the pollen archive 
from the adjacent Lake Prespa, allows for inferring regional veg-
etational patterns and local features. From 17000 cal BP onwards, 
the palynological data from both lakes suggest a rather open 
landscape dominated by steppe elements (mainly Artemisia and 
Chenopodiaceae) along with grasslands. Pines appear to be the 
dominant trees in the region during the Late Glacial, while oaks 
are continuously present in low abundances. During the Bølling/
Allerød deciduous oaks dominate arboreal tree percentages at 
Ohrid, while at Prespa pines remain dominant throughout this pe-
riod. During the Younger Dryas, the resurgence of steppe features 
(mainly Artemisia and Chenopodiaceae) accompanied by Betu-

la, Ephedra and Hippophae in both lakes point to cold and arid 
conditions. The beginning of the Holocene is characterized by the 
gradual expansion of mixed deciduous woodland dominated by 
oaks indicating the presence of dense deciduous oak forests in the 
surroundings of Lakes Ohrid. A markedly short-term shift high-
lighted by an abrupt rise of Artemisia percentages, corresponding 
to the 8.2 cooling event is registered in the pollen records of both 
lakes. During the Middle and Late Holocene, the closed forests di-
versify and percentages of other deciduous taxa such as Acer, Al-
nus, Carpinus, Fagus, Ostrya increase in both records, especially at 
Prespa. Although Lake Ohrid is situated a 150 m lower than Lake 
Prespa at 693 m asl, the presence of Mediterranean elements such 
as Pistacia and Phillyrea in Ohrid pollen spectra is rather limited 
compared to Prespa. Intensifying anthropogenic activities during 
the last two millennia can be inferred in both records from the de-
cline of tree percentages and the coeval increase in pollen of culti-
vated plants such as walnuts and cereals.
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LONG-TERM DISTURBANCE DYNAMICS OF MOUNTAIN SPRUCE FORESTS INFERRED 
FROM POLLEN RECORDS

Petr Kuneš1, Vachel A. Carter1, Alice Moravcová1, Helena Svobodová-Svitavská2, Přemysl Bobek2, Daniel Vondrák1, 
Nick Schafstall3, Jennifer L. Clear3 
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Disturbances such as fire, grazing, windthrows or pathogens play 
an important role in long-term ecosystem dynamics. Mountain 
ecosystems of central Europe, such as spruce-dominant forests, 
experience a variety of disturbances that are threatening their 
survival. Therefore, long-term observations of ecosystem distur-
bance dynamics may provide a better understanding of natural vs. 
anthropogenic disturbance ecology within spruce forests, which 
may be crucial for their future conservation.

We developed a new method of quantifying overall disturbance by 
linking pollen records with plant indicator values for disturbance. 
Here we use pollen, macrofossil and charcoal records from two 
sedimentary basins in the Bohemian Forest (Prášilské jezero and 
Stará jímka), Czech-German borderland, one representing a re-
gional signal and another more local development. Pollen spectra 
from both well dated pollen records served for calculation of mean 
disturbance frequency, which was calculated by assigning each 
pollen to plant taxon with a disturbance index derived for cen-
tral-European flora. Reconstructed levels of disturbance frequency 
were then compared to fire activity (frequency) inferred from con-
tiguous macrocharcoal analysis, and then interpreted along with 
vegetation changes inferred from pollen and macrofossil analysis. 
Surrounding vegetation was moreover interpreted quantitative-
ly by application of Landscape Reconstruction Algorithm (using 
both regional and local scales, REVEALS, LOVE).

Our results reflect similar trends in both pollen records showing 
continuously increasing disturbance frequency over the entire 
Holocene. Distinct disturbance events in the early Holocene are 
associated with increased fire frequency. The local vegetation 
during this time was mostly dominated by pine, but with increas-
ing spruce after 8000 cal. BP. For this period we interpret fire as 
the main disturbance agent probably fueled by drier and warm-
er-than-present climate. The period between 6500 and 3500 cal. 
BP is marked by quite stable disturbance frequency (ca. once in 50 
years), with slightly increasing trend at the local site. This period 
is also marked by the lowest fire frequency. A profound increase 
in disturbance frequency between 3000 and 2000 cal BP is not ac-
companied by increased fire suggesting human impact or other 
disturbance factors playing the crucial role. The last millennium 
is defined by highest disturbance frequency accompanied by in-
creased fire activity. This regime is most probably triggered by in-
creasing human occupancy in the study area.

Our methods introduces another dimension in disturbance re-
gime reconstructions by quantifying other than fire disturbance. 
We also suggest that disturbances were inherent part of spruce for-
ests development in the past.

Financial support: GAČR EUROPIA 16-06915S.
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Future projected climate change will affect the disturbance re-
gime in temperate montane forest ecosystems in central Europe. 
Understanding the processes that drive the disturbance events 
and their impacts on these forests can provide important knowl-
edge for maintaining biodiversity and the functionality of these 
ecosystems. Here we link disturbance signal from decadal dendro-
chronological records from tree-rings with millennial palaeoeco-
logical proxies from lake sediments, both of which provide infor-
mation of vegetation and disturbance patterns at different spatial 
and temporal scales. Comparison of data from these two different 
datasets increases our understanding of the importance of differ-
ent disturbance agents on the forest dynamics.

Multiproxy data-sets spanning the last 500 years have been ex-
trapolated onto 10-year temporal resolution for a detailed recon-
struction of the disturbance history in central European mon-
tane spruce forest in Šumava National Park, Czech Republic. The 
stand-scale disturbance history is reconstructed based on tree-ring 
records and compared to a high resolution multiproxy lake sedi-
ment record from a small glacial lake situated at 1100 m.a.s.l. in the 
study area. Fossil pollen is used to reconstruct changes in the for-
ests composition and landscape openness, micro- and macroscop-
ic charcoal to reveal the past fire events, fossil bark beetle remains 
to reconstruct insect outbreaks, and geochemical data to identify 

the impact of forest disturbance events on the lake catchment.

Tree-ring data demonstrate peak in disturbance signal between 
years 1780-1820 AD, at the beginning and at the end of 20th centu-
ry. Results from sedimentary records suggest that fires occurred in 
the study area at around 1800 AD corresponding with the canopy 
opening suggested by tree-ring records. Pollen influx values show 
slight decrease in Picea pollen corresponding with the disturbance 
signal around 1800 AD, but more notable decrease in pollen abun-
dance, and change in forest composition, occur during the distur-
bance events in the 20th century. 

The comparison of disturbance signal from tree-ring and high res-
olution sedimentary data demonstrate similar patterns between 
dendrochronological and palaeoecological proxies. Our results 
suggest that fires have been important part of the disturbance 
regime in temperate montane spruce forests together with bark 
beetles and windstorms, which are currently considered as main 
disturbance agents in the region. Most notable changes in the for-
est composition in relation to the disturbance events occur during 
the last 100 year period and it can be speculated that the multiple 
stressors of intensified human impact and increasing temperatures 
may decrease the resilience of these forests against disturbances.
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The montane spruce forest ecosystem located in the Tatra Moun-
tains, central Europe is of high ecological and economic impor-
tance yet, the spruce dominated forest is highly susceptible to 
windstorms, pathogens, and fire disturbance. An unprecedented 
windstorm in 2004; Bora Alžbeta destroyed an area of 12,000 ha 
of forest spanning >30 km. Subsequent decades of re-occurring 
bark beetle outbreaks, wildfires and less severe windstorms has left 
a highly-disturbed, semi-natural forest ecosystem requiring man-
agement interventions including widespread logging.  

Palaeoecology can inform forest managers on long-term processes 
including forest resilience and recovery rates. While dendroecolo-
gy can offer in situ, annual disturbance history for recent centuries, 
sedimentary palaeoecology and geochemistry can reconstruct 
millennial regional disturbance dynamics, resilience and recover 
rates. Here we present forest disturbance dynamics data from both 
dendroecology (Holeksa et al. 2016; Janda et al. 2017) and new 
sedimentary palaeoecology records. Dendroecology analysis from 

over 250 plots were analysed for tree-growth release and tree-re-
cruitment, to reconstruct both regional and localised disturbance 
history of the high and low Tatra Mountains during the last 200 
years. A series of 5 small forest hollows located within the region of 
the dendroecology plots were independently dated (C-14, Pb-210) 
and analysed for pollen, charcoal, macrofossils (flora and fauna), 
and geochemistry.

The sedimentary records range between 1,000 – 3,000 BP. There is 
clear evidence of anthropogenic cultivation present consistently 
from approximately 500 BP, indicating a history of human activity 
within the region. Macroscopic charcoal data suggests that fires 
have been more frequent than previously suggested. The domi-
nance of spruce varies between 10 > 50 % across all sites suggesting 
shifting vegetation abundance driven by natural and anthropo-
genic disturbance dynamics. The relative shifts in dominant dis-
turbance regimes, forest resilience and recovery are presented for 
both dendroecology and sedimentary data.
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Acritarchs and prasinophyte algae are key components of pal-
ynofloras in the Silurian Qalibah and Tawil formations of Saudi 
Arabia. More than 200 species have been identified in 15 Saudi 
Aramco wells. Restudy of graptolites in the Qusaiba Member (Qa-
libah Formation; Llandovery-Wenlock), resulted in revision of 
previous age assignments of the chitinozoan and acritarch zona-
tions in this unit. Additional data come from the younger Sharaw-
ra Member (Wenlock), and from the marine marginal facies of 
the Tawil Formation (Ludlow-Přídolí). Zone 1, early Rhuddanian 
in age, encompassing the “Hot Shale” interval, is poorly diversi-
fied, but occurrence of Dorsenidium polorum allows comparison 
with palynofloras from the Medina Group of Western New-York 
(USA). Zone 2 (middle Rhuddanian) marks a general increase in 
acritarch diversity, especially netromorph acritarchs. First Ap-
pearance Datums (FAD) of Eupoikilofusa saetosa, Neoveryhachium 
carminae constricta and Sol radians mark the base of Zone 2, while 
its top is defined by the FAD of Disparifusa horrida and Multiplici-
sphaeridium circumscriptum. These two species characterize Zone 3 
of late Rhuddanian to mid-Aeronian age, which is equivalent to 
the Angochitina qusaibaensis Chitinozoan Zone. Malformed (tera-
tological) acritarchs characteristically occur in Zone 3. Acritarch 
Zone 4 is characterized by the inception of Dactylofusa species and 
of Crassiangulina variacornuta. This association, known from many 
paleo-continents, is very valuable for correlation of upper Aeroni-

an to lower Telychian strata. Additional important species of Zone 
4 are Antruejadina grotesca, Cymbosphaeridium armatum, Domasia 
elongata/trispinosa morphotypes, and Pteroverricatus zonocylindrus. 
Zone 5 is equivalent to the Angochitina macclurei Chitinozoan Zone 
of early Telychian age, and includes Anomaloplaisium johnsium, 
Baltisphaeridium diabolicum, Geron guerillerus, Multiplicisphaeridi-
um breviculum, Visbysphaera spp. and Veryhachium owensii. In the 
upper Qusaiba Member, middle-late Telychian in age, a shallowing 
trend is evidenced by a decrease in acritarch diversity, occurrence 
of abnormal acritarchs and “opportunistic” elements, and preco-
cious occurrence of Ovnia desertica. Zone 6, described from the up-
permost Qusaiba or basal Sharawra Member (Sheinwoodian, early 
Wenlock), is defined by the FAD of Arkonia nova, Buedingiisphaerid-
ium incertum, Leprotolypa gordonense, Ovnia uahabita, and Tyrannus 
giganteus. In the uppermost Sharawra member Member and in the 
Tawil Formation, fresh water influx is supported by the presence 
of coenobial forms of possible hydrodyctyacean algae, such as 
Deflandrastum spp., Kahfia arabica and Proteolobus cylindrus. Zone 
6 also includes Perforella perforata, Triangulina alargada, Multipli-
cisphaerdidum malum and Quadraditum incisum. Finally, Zone 7, 
occurring through the Tawil Formation (middle Přídolí), features 
Cepillum puercospinoides, Hemibaltisphaeridium dedosmuertosi, Vis-
bysphaera bonita and V. jardinae as important index species

O026

SILURAIN DISPERSED SPORE ASSEMBLAGES FROM THE ARABIAN PLATE: A SYNTHESIS

Charles Wellman1, Philippe Steemans2, Pierre Breuer3 
1University of Sheffield, Sheffield, United Kingdom. 2University of Liege, Liege, Belgium. 3Saudi Aramco, Dhahran, Saudi Arabia 

Silurian dispersed spore assemblages from the Arabian Plate have 
been described from the Qalibah and Tawil formations. The Ordo-
vician-Silurian boundary is difficult to locate due to the compli-
cated stratigraphy (with downcutting, glacial tillite infill etc.) and 
extensive palynomorph reworking associated with the Hirnantian 
glaciation. However, rich Llandovery and Wenlock-Ludlow spore 
assemblages have been described from the marine deposits of the 
Qalibah Formation including its two members, Qusaiba Member 
and Sharawra. Spores are currently poorly documented from the 
overlying continental deposits from the lower part of the Tawil For-
mation, but sparse assemblages recovered from cuttings samples 
indicate a Ludlow to Pridoli age. However, exceptionally rich and 
well preserved mid Pridoli spore assemblages have been described 

from marginal marine deposits from a marine intercalation higher 
in the Tawil Formation. Nonetheless, the exact location of the Si-
lurian-Devonian boundary within the Tawil Formation has yet to 
be precisely pinpointed. The Silurian spore assemblages from the 
Arabian Plate show significant differences to those from beyond 
Gondwana highlighting the extent of palaeophytogeographical 
differentiation and hence problems of intercontinental correla-
tion of Silurian spores. This can be quantitatively demonstrated 
by statistical analysis of these differences using coefficient of simi-
larity (CS) and Jaccard Index (JI) analyses. Rather surprisingly, de-
spite extensive intercontinental differences in taxon composition, 
measures of spore disparity are remarkably similar.
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In Saudi Arabia, exposed Devonian rocks are known only from 
their type sections in the northwest (Nafud Basin) and in the 
southwest (Wajid outcrop), adjacent to the Precambrian Arabian 
Shield. Most of the Devonian deposits, which comprises the upper 
Tawil, Jauf and most of the Jubah formations, occur in subsurface, 
not only in the northwest but also in eastern Saudi Arabia. Some 
exploration wells have penetrated up to 2,300 ft of Devonian sec-
tion throughout eastern Saudi Arabia and more than 5,000 ft in 
the centre of the Nafud Basin. Although the Devonian is seeming-
ly conformable with the overlying Mississippian section, its upper 
boundary is often eroded by either the pre-Khuff or pre-Unayzah 
(Permo-Carboniferous) unconformities in eastern Saudi Arabia, 
particularly on structural highs. Whereas in the Nafud Basin, it 
may be truncated by the Early Cretaceous pre-Wasia Unconformi-
ty.

The Saudi Arabian Devonian succession was generally deposit-
ed in a continental to shallow marine depositional systems in 
which substantial siliciclastic-dominated deposits accumulated, 
in essentially broad transgressive-regressive cycles. These are: a 
retrogradational cycle (fining-upward) encompassing the Early 
Devonian Tawil and Jauf formations, followed by a progradational 
cycle (coarsening-upward) through much of the Middle-Late De-
vonian Jubah Formation. The terrestrially dominated paleoenvi-

ronments of the upper Tawil, Jauf and Jubah formations provide a 
record of the rapid evolution of Devonian land plants in the form 
of their dispersed miospores. Thus, these palynomorphs are the 
chief biostratigraphic tool to age date and correlate these depos-
its. Acritarchs and chitinozoans are often absent or generally less 
abundant although they do occur in some specific levels.

A dozen manuscripts on Saudi Arabian Devonian palynology have 
been published since 1967 but from a restricted number of wells. 
Despite numerous endemic species, the Devonian spore assem-
blages were often compared to standard Euramerican zonations 
with little to moderate success. Due to the absence, or scarcity, of 
several key species, these zonations are not always easily applicable 
to Saudi biostratigraphy. The progressive homogenization of the 
vegetation, which took place during the Middle and Late Devoni-
an, make international correlations more reliable for these levels. 
Thanks to extensive amounts of material and data from Devonian 
sections, the current operational palynozonation developed by 
Saudi Aramco palynologists is robust. It consists of nine palyno-
zones combined with numerous palynological events. Although 
palynomorph distribution and abundance vary both stratigraphi-
cally and regionally, it nevertheless has proven to be an invaluable 
tool in providing stratigraphic control for hydrocarbon explora-
tion and development.

O028

MISSISSIPPIAN PALYNOLOGY OF SAUDI ARABIA: REVIEW AND SYNTHESIS

Pierre Breuer1, Geoff Clayton2, Nigel Hooker1, Bernard Owens2, John Filatoff3 
1Exploration Technical Services Department, Saudi Aramco, Dhahran, Saudi Arabia. 2Department of Animal & Plant Sciences, 

University of Sheffield, Sheffield, United Kingdom. 3MGPalaeo, Warnbro, Australia 

The Mississippian (Tournaisian to Serpukhovian) succession is not 
exposed in Saudi Arabia and therefore our understanding of this 
succession is entirely dependent on subsurface data. Sediments of 
this age occur only in the Arabian Gulf and in the Nafud Basin in 
northern Saudi Arabia. The Mississippian is usually missing due 
to significant truncation by the Hercynian Unconformity, at the 
base of the Unayzah Group in central Saudi Arabia or by the Early 
Cretaceous pre-Wasia Unconformity in the north. This succession 
comprises the uppermost part of the Jubah Formation and the en-
tire Berwath Formation. The basal part of the Berwath Formation 
rests more or less conformable on the underlying Jubah Formation 
in the Arabian Gulf but the two formations are separated by a re-
gional unconformity and seismic reflector in the Nafud Basin that 
shows angularity adjacent to Hercynian structural highs.

The Mississippian succession was deposited in very shallow ma-
rine and marginal marine coastal plain environments. This wide 
coastal plain was periodically inundated when sea level rose, and 
the argillaceous dolomitic limestones and dolomites were depos-
ited. It comprises, at the base, a series of early-middle Tournaisian 
clastic sediments of the uppermost part of the Jubah Formation, 
followed by late Tournaisian to early Visean dark grey mudstones 

of the lower Berwath Formation. The upper Berwath Formation 
(late Visean to Serpukhovian) is consistently more silt- and sand-
prone, with dolomitic intercalations but pertaining a shallow 
marine setting. Palynofloras suggest a warm humid paleoclimate, 
with persistent marine influence throughout the succession.

Although many wells penetrated this succession and were palyno-
logically studied, Ar’ar-1, ABSF-29, and ST-8 and 667-44 were the 
only wells from which palynological assemblages were published. 
The Mississippian assemblages are dominated by miospores. Most 
of these are diverse and well preserved but correlation with other 
areas is tenuous. Indeed, previous attempts to date and correlate 
Saudi Arabian assemblages mainly utilized zonal schemes erect-
ed in Australia, Libya, and the Amazonas Basin, northern Brazil, 
but with unsatisfactory results. This is due to the infrequent oc-
currence of several of the zonal index species. Therefore, a new 
zonal scheme has been erected for the Arabian Plate based on core 
data, in parallel to the five operational palynozones already used 
in-house by Saudi Aramco palynologists for the Mississippian suc-
cession.
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Hani Boukhamsin1, Nigel Hooker1, John Filatoff2, Bernard Owens3, Kaya Ertug1, Pierre Breuer1, Michael 
Stephenson4 

1Exploration Technical Services Department, Saudi Aramco, Dhahran, Saudi Arabia. 2MGPalaeo, Perth, Australia. 3Department 
of Animal and Plant Sciences, University of Sheffield, Sheffield, United Kingdom. 44 British Geological Survey, Keyworth, 

United Kingdom 

Palynology has provided important chronostratigraphic, paleo-
environmental and paleoclimatic controls in the development 
of the current understanding of depositional architecture, sedi-
mentary facies and regional stratigraphic relationships within the 
highly variable and complex reservoir units of the Pennsylvanian 
to Permian succession on the Arabian Peninsula.

The Unayzah Group, comprising the Juwayl and Nuayyim forma-
tions, ranges in age from Early Pennsylvanian (Bashkirian) to Early 
Permian (Artinskian/?Kungurian), and is bound by significant tec-
tonically driven surfaces, the Hercynian Unconformity at the base 
and Pre-Khuff Unconformity at the top. The Juwayl Formation en-
compasses a range of depositional facies associated with fluvio-gla-
cial and glacio-lacustrine processes, in response to glacial advance 
and retreat. The Nuayyim Formation also encompasses a range of 
depositional facies associated with a post-glacial succession.

The Khuff Formation (Middle Permian-Early Triassic) reflects an 
overall marine transgression, following the initial phase of rift-
ing associated with opening of Neotethys. Basal Khuff Clastics 
Member comprising coarse clastic fluvial sediments and overbank 
paleosols, occur from the base of the Middle Permian (Roadi-
an-Wordian) and followed by thin transgressive tidally influenced 
shallow marine sandstones, shales and limestones. The latter are 
deposited progressively later (Wordian-Capitanian) from south-
east to northwest and signify the diachronous nature of Basal 
Khuff Clastics and the transition to dominant limestone deposi-

tion throughout the remainder of the Khuff Formation.

Late Paleozoic palynostratigraphy of the Arabian Peninsula was 
developing in Oman from the mid 1980’s with several zonations 
published. Pioneering palynological studies of the succession in 
Saudi Arabia were from the early 1990’s, but no zonation was pub-
lished. In early 2000’s the first correlations between Saudi Arabia 
and Oman defined a series of semi-regional palynozones and pal-
ynosubzones for the late Moscovian-Capitanian. In parallel, and 
based on subsurface samples from exploration wells, an opera-
tional palynozonation was developed specifically for Saudi Arabia 
comprising seven palynozones and eight palynosubzones, and 
spanning the Bashkirian to Changhsingian.

These assemblage zones and subzones reflect a complex interplay 
of paleoclimate and paleogeography, resulting from the impact of 
both latitudinal and altitudinal controls on megafloral communi-
ties. Recognition of occasional chronostratigraphically significant 
palynomorphs enable broad correlation with global standards, 
but precise age assignments are still debated, particularly around 
the Carboniferous-Permian transition. Clear evidence of phy-
topaleogeographic provincialism adds to the challenge of fully 
understanding the palynostratigraphy of the Arabian Peninsula. 
Nevertheless, the palynozonation developed provides a robust 
stratigraphic framework, and demonstrates apparent diachroneity 
of transition from glacial to deglacial and deglacial to post-glacial 
successions.
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POLLEN EDNA METABARCODING FROM ICE CORES AS A TOOL FOR RECONSTRUCTING 
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DNA obtained from environmental samples (eDNA) is an import-
ant source of biological information and eDNA metabarcoding 
is an emerging approach for reconstructing biodiversity changes 
through space and time. Past eDNA can be retrieved from many 
different sources such as ice cores, permafrost, terrestrial and lake 
sediments, caves, speleothems, etc.

To this end, Alpine glaciers can be viewed as precious climate and 
biological archives, located in the proximity of areas that are fac-
ing dramatic land use and climatic changes since the last decades. 
Due to the good preservation of pollen DNA in the ice and the 
detailed stratigraphy, they offer a unique opportunity to test the 
potential of eDNA metabarcoding approach, specifically aimed 

at investigating plant biodiversity dynamics in adjacent and sur-
rounding areas.

Despite the obvious power of this emerging molecular approach, 
several caveats associated with the eDNA metabarcoding workflow 
need to be considered: false positives due to contaminations, false 
negatives resulting from primer biases, errors due to cross-contam-
ination and chimaera sequences. Moreover primer choice, that 
affects taxonomic coverage and resolution, the need of complete 
reference databases, as well as difficult interpretation of results rel-
ative to the nature and spatial scale of eDNA represent other crit-
ical issues.
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We first present and discuss different eDNA metabarcoding ap-
proaches (e.g. PCR-based sequencing vs PCR-free sequence-cap-
ture enrichment), together with their main advantages, limita-
tions and challenges.

Second, we show the preliminary results from CALICE (CALibrat-
ing Biodiversity from Glacier ICE), a three-years research project 
aimed at estimating plant biodiversity changes through the last 
decades in the Adamello glacier catchment area. Adamello is the 
largest, 16.4 km2, and deepest, 270 m, Italian glacier whose catch-
ment area, mainly lying in the Po valley in Northern Italy, is char-

acterized by strong anthropogenic pressure.

Our results, referring to a 10 m section extracted from the glacier at 
a depth of 45-35 m, demonstrate that ice cores provide a valuable 
source of pollen eDNA, allowing taxonomic identification at the 
species level. We couple eDNA data with classical high resolution 
morphology-based palynological analyses to provide complemen-
tary taxonomical information on the original vegetation as well 
an annual/seasonal timescale for the core. Our contribution will 
highlight the potential of integrating a molecular and morpholo-
gy-based approach to encourage further studies.

O031

USING STABLE ISOTOPE ECOLOGY OF HISTORICAL THUJA (CUPRESSACEAE) SPECIMENS 
AS A TOOL TO IDENTIFY CARBON SOURCES IN DEEP TIME

Rebekah Stein, Selena Smith, Nathan Sheldon 

University of Michigan, Ann Arbor, USA 

The isotopic composition of atmospheric carbon dioxide (δ13Catm) 
has not been constant over geologic time due to changes in atmo-
spheric CO2 sources, but past fluctuations are poorly constrained. 
δ13Catm has changed rapidly since the start of the Industrial Rev-
olution as a result of fossil fuel combustion, providing a natural 
experiment to test potential proxies for δ13Catm. Here we use stable 
isotope biogeochemistry to track this change with herbarium and 
modern leaf specimens (1806 – present) of two evergreen gym-
nosperms in family Cupressaceae, Northern white cedar (Thuja 
occidentalis) and Pacific red cedar (Thuja plicata). Thuja has little 
intraspecific isotopic variation, spans a range of precipitation and 
temperature conditions in North America, and has a fossil record 
dating back into the Late Cretaceous. Thus, the results from histor-
ical herbarium samples of Thuja can be applied to Thuja fossils up 
to ~71 million years old to reconstruct δ13Catm at the time. Stable 
carbon isotope (δ13Cleaf) compositions were measured for historical 
leaf samples of North American Thuja (n=137) using a Picarro Cav-
ity Ring-Down Spectroscope at the University of Michigan. A sec-
ond parameter (Δleaf) was calculated by the subtracting δ13Cleaf from 
δ13Catm values at the time the plant was growing that were derived 

from direct and interpolated measurements. Δleaf reflects the devia-
tion of a tree’s 13C fractionation from the moving (as a result of the 
burning of fossil fuels, i.e. the Suess Effect) atmospheric baseline. 
δ13Cleaf values ranged from -21.9 to -28.8‰ and were more negative 
with decreased δ13Catm, demonstrating that Thuja is a potentially 
useful recorder of the paleo-atmosphere composition on both 
historic and potentially longer time scales. Δleaf values were near-
ly constant (mean: 18.11‰ ± 1.14‰) indicating that carbon iso-
tope fractionation of these evergreen gymnosperms has not been 
affected by climate variables over the period of Industrialization. 
The consistency within this genus supports its potential use as a 
paleoclimate indicator across a broad range of (paleo-)environ-
ments. The linear relationship between Thuja δ13Cleaf and δ13Catm 
was applied to compressed leaf fossils from the Cretaceous, Eo-
cene, and Oligocene to estimate δ13Catm; results showed the same 
relative differences from each other as values found by Tipple et 
al. (2010) using foraminifera. Thus, Thuja δ13Cleaf values provide a 
reasonable additional proxy for paleo-δ13Catm and can help us to 
consider potential geologic sources of pCO2.

Tipple, B. J., et al. (2010). Paleoceanography, 25(3): PA3202.
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The grass family (Poaceae) is one of the most economically im-
portant plant groups in the world today. In particular many major 
food crops, including rice, wheat, maize, rye, barley, oats and mil-
let, are grasses that were domesticated from wild progenitors over 
the course of the Holocene. Archaeological evidence has provid-
ed key information on domestication pathways of different grass 
lineages through time and space. However the most abundant 
empirical archive of floral change – the pollen record – has so far 
been underused for reconstructing grass domestication patterns, 
because of the challenges of classifying grass pollen grains based 

on their morphology alone. Here we test the potential of a novel 
approach for pollen classification based on the chemical signature 
of the pollen grains, measured using Fourier Transform infrared 
(FTIR) microspectroscopy. Using a dataset of eight domesticated 
and wild grass species, we demonstrate a 95% classification suc-
cess rate on training data, and an 80% classification success rate 
on validation data. This result shows that FTIR spectroscopy can 
provide enhanced taxonomic resolution for palynological studies, 
and further information on the spread of crop domestication and 
agriculture over the last 10000 years.
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Peat bogs located in high mountains are suitable systems to study 
environmental responses to climate variability. With the aim of 
investigating environmental changes in high mountain ecosys-
tems during the Holocene in relation to climate forcings, we per-
formed a multi-proxy palaeoecological reconstruction based on 
two sediment cores from Bassa Nera, a lentic system located close 
to the montane–subalpine ecotone in the Central Pyrenees. Using 
non-molecular analyses of pollen, plant macroremains, charcoal, 
chemical elements and loss-on-ignition at centennial to decadal 
resolution, we reconstructed the vegetation and lacustrine dy-
namics during the last 10,000 years. A montane pollen ratio was 
also used as a palaeoecological indicator of altitudinal shifts in 
high mountain vegetation. In order to compare the information 
from classical palaeoecological methods to the one that can be 
retrieved from molecular methods based on DNA sequencing, we 
also performed a metabarcoding study using universal 18S and 
COI markers to assess the molecular eukaryotic biodiversity at five 
sedimentary depths and reconstruct the palaeoecological com-
munities recovered from ancient sedimentary DNA. Pollen results 

showed upward shifts of deciduous forest and its presence in Bassa 
Nera from the onset of the Holocene until 4200 cal yr BP, when it 
was replaced by coniferous taxa. The montane ratio showed a link 
between vegetation and North Atlantic influence, while changes 
in Sphagnum macroremains and aquatic taxa allowed description 
of local ontogenic changes from the initial pond to the present 
peatland. We successfully amplified ancient DNA with both uni-
versal markers from the five sedimentary samples (from 140 to 
10200 cal yr BP). Even though 18S could amplify a broader group 
of organisms, the taxonomic resolution was lower than that ob-
tained from COI, and typically reached the family or genus levels. 
Results from ancient sedimentary DNA do not entirely overlap 
with the reconstruction based on pollen and macroremains, and 
the combination of both reconstructions reveals more detailed in-
formation. This first molecular approach has allowed to prove that 
the diversity of past eukaryotic peat bog communities can be as-
sessed using universal metabarcoding markers and opens the way 
for more detailed reconstructions.
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USING THREE-DIMENSIONAL SHAPE ANALYSIS OF PHYTOLITHS TO TEST THE 
TAXONOMIC AFFINITIES OF GRASS FOSSILS FROM THE LATE CRETACEOUS LAMETA 

FORMATION, CENTRAL INDIA

Timothy Gallaher1, Sultan Akbar1, Kari Jessett1, Callie Zender1, Caroline Strömberg1,2 
1University of Washington, Seattle, USA. 2Burke Museum of Natural History & Culture, Seattle, USA 

The origin and early diversification of grasses (Poaceae) have re-
mained largely unknown, in large part because of the poor fossil 
record of the clade. Sparse fossilized grass pollen has suggested 
that grasses had evolved by the Paleocene, if not the Late Creta-
ceous. However, because of the relatively uniform morphology of 
pollen within the grasses, the taxonomic affinities of these fossils 
have not been further resolved. Cuticle and attached grass phy-
toliths extracted from dinosaur coprolites and paleosols from the 
Maastrichtian Lameta Formation in Central India described in the 
last 15 years have allowed more detailed assessments of the timing 
of grass evolution and added to our understanding of paleoenvi-
ronments during the early stages of Deccan volcanism. Based on 
the mapping of qualitative anatomical traits across the Poaceae, 
phytolith morphotypes from this assemblage were assigned tenta-
tively to the Bambusoideae, Oyzoideae, Puelioideae, Pooideae and 
PACMAD lineages. Subsequent phylogenetic analysis placed two 
of these morphotypes in the Oryzeae tribe. The diversity of phyto-
lith forms and the classification of some to the tribal level suggest-
ed that major diversification of the family had already occurred by 
the end of the Cretaceous and that the family was substantially 
older than previously estimated.

The phylogenetic placement of these Maastrichtian phytolith 
morphotypes—and the consequences for the timing of grass evo-
lution—have been met with scepticism among grass systematists, 
primarily because a family-wide and statistically-robust analy-
sis of three-dimensional (3D) phytolith shapes has not yet been 
completed. To address these concerns, we developed new methods 
to image and quantify the complete 3D surface of isolated phyto-
liths, resulting in a digital reference collection of 3D phytoliths 
spanning the Poaceae. The 3D surface representations provide a 
high degree of shape detail and are suitable for geometric mor-
phometrics, virtual animations and 3D printing. This reference 
collection enables us to classify fossil phytoliths into clades with a 
greater degree of precision and using multiple quantitative meth-
ods, including 3D morphometric and machine learning computer 
vision algorithms. We will report on a new quantitative analysis of 
the phytolith morphotypes described from the Lameta Formation 
based on their 3D shape. We use the results to refine our taxonom-
ic and ecological understanding of the grasses that existed in India 
at the end of the Cretaceous, and of the timing of the early evolu-
tion of grasses as a whole.
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DANIAN DECCAN INTERTRAPPEAN BEDS OF INDIA

Selena Smith, Kelly Matsunaga 

University of Michigan, Ann Arbor, USA 

The Deccan Intertrappean Beds of India preserve a terrestrial flo-
ra with 3D anatomy, spanning both a globally significant event 
– the Cretaceous-Paleogene Boundary – and a time when India 
was geographically isolated. As such the flora has much potential 
to expand our understanding of phylogenetic and biogeograph-
ic relationships among plants. While much attention has been 
paid to the angiosperms, which comprise the majority of species 
diversity preserved here, other major plant groups are also repre-
sented and need to be considered for a holistic reconstruction of 
the assemblage. Conifers in the Deccan Intertrappean Beds are 
represented by wood, ovules, ovulate cones, and pollen cones pri-
marily assigned to Araucariaceae or Podocarpaceae but also some 
to Taxaceae or incertae sedis. Wood is the most widely distributed, 
being found at six localities, in contrast to cones, which have only 
been recovered from two localities. Here, we re-evaluate the fossil 
conifer ovulate cones that have been described in order to assess 
their morphology and structure. Five taxa have been recognized to 
date: Mohgaostrobus, Harrisostrobus, Takliostrobus, Pityostrobus, and 
Indostrobus. The first two come from the Mohgaonkalan locality, 
and the other three from the Takli locality. Some are known only 
from a single specimen (e.g., Harrisostrobus, Indostrobus) while oth-
ers are represented by multiple specimens (e.g., Takliostrobus). Pro-

posed affinities are with Araucariaceae or Pinaceae. We used X-ray 
micro-computed tomography to non-destructively visualize the 
three-dimensional structure of these specimens, supplemented by 
investigation of available peels and slides. One specimen of Tak-
liostrobus was found to represent an infructescence of the mono-
cot Viracarpon. Takliostrobus and Indostrobus cones have two seeds 
per cone-scale complex and other features suggesting affinities to 
Pinaceae, and we interpret them as likely being congeneric. They 
do show some differences, such as seed shape. In contrast, “Pityos-
trobus” crassitesta, Mohgaostrobus, and Harrisostrobus all have >5 
seeds per cone-scale complex. These seeds are tightly clustered to-
gether and appear to have relatively thick sclerotic seed coats, two 
chambers, and are surrounded by a parenchymatous tissue, possi-
bly a wing. Seeds are much more elongate than wide. These seeds 
are unlike any other gymnosperm seeds we have been able to find 
to date, and thus these conifers may represent an extinct, possibly 
endemic, lineage, and further work is underway to determine their 
affinities. These investigations suggest the taxonomy of the cones 
needs to revised and affinities re-considered, and demonstrate 
there was some small diversity of conifers in India at the Creta-
ceous-Paleogene boundary.
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ASSOCIATED SEDIMENTS OF INDIA

Bandana Samant, Dhananjay Mohabey 

RTM Nagpur University, Nagpur, India 

Deccan volcanic eruptions are considered as one of the causes for 
mass extinction at the Cretaceous-Paleogene (K-Pg) boundary. 
The age and duration of the Deccan basalt eruptions are a matter 
of debate however, based on radiometric dating this volcanism is 
considered to have spanned 68-62 Ma. To understand the impact 
of volcanism on flora, palynological study of the Deccan volca-
nic associated infratrappean (Lameta Formation) and successive 
intertrappean beds was carried out. Palynological study of flu-
vio-lacustrine Lameta sediments show presence of palynomorphs 
of   gymnosperms -Araucariacites, Classopollis, Cycadopites and 
Podocarpidites angiosperms- Cretacaeiporites, Compositoipollenites 
and Graminidites. However onset of volcanism changed the floral 
assemblage and in the intertrappean lake/pond new palynoassem-
blage   characterized by presence of dominantly pteridophytes - 
Azolla, Crybelosporites, Gabonisporis and Triporoletes, angiosperms- 
Aquilapollenites, Tricolpites, Triporopollenites, Farabeipollis and 
Normapolles group pollen appeared. At higher stratigraphic level 
close to the K-Pg boundary and in early Danian palynomorph re-
covery is poor which could be due to increased volcanic activity. 
Later on, during waning phase of volcanic activity good palynoflo-
ral assemblage is recorded from the intertrappean beds.

The recovered palynotaxa from Late Cretaceous–Early Paleocene 
Deccan volcanic associated sediments are grouped into five major 
groups 1) Palynotaxa characteristic of Late Cretaceous (Maastrich-
tian) and could not cross the K-Pg boundary- Azolla cretacea (Sal-
viniaceae), Crybelosporites (Regnellidium), Triporoletes reticulatus, 
Farabeipollis spp., Scollardia conferta, 2) Taxa remained unaffected 

during Cretaceous-Paleogene transition and continued in Pa-
leocene sediments- Spinizonocolpites echinatus (Nypa, Arecaceae), 
Proxapertites spp. Aquilapollenites bengalensis, Gabonisporis vigou-
rouxii  and Normapolles Group pollen 3) Taxa which appeared in 
Danian and continues in Paleogene- Neocouperipollis (Arecaceae), 
Haloragacidites   (Haloragaceae), Intrareticulites brevis (?Gunner-
aceae), Palmaepollenites eocenicus, Longapertites vaneendenburgii 
(Arecaceae), Striatricolporites striatus  4) Taxa exclusively confined 
to  Paleocene (Danian)- Gabonisporis intertrappean, Mulleripollis bol-
purensis, Rhombipollis sp. 5) Taxa which became extinct after Dani-
an- Gabonisporis vigourouxii (?Marseliaceae), Aquilapollenites spp., 
and Normapolles Group pollen. Overall palynological data from 
Deccan volcanic associated sediments shows that the palynofloral 
changes across Cretaceous- Paleogene were gradual and commen-
surate with onset of Deccan volcanism.

The present study also recorded pollen grains of family Malvaceae 
from the Late Cretaceous (Maastrichtian) intertrappean sediments 
of central India. This is the oldest record of palynomorphs asso-
ciated with this family and suggests its ‘out of India’ migration. 
Deccan volcanism induced climatic and environmental changes 
in Late Cretaceous-Early Paleocene as well as latitudinal position 
of Indian subcontinent were probably responsible for the evolu-
tion and extinction of many angiosperm families on this subcon-
tinent.

.
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FINE-TUNING THE POSITION OF PALEOBOTANICAL LOCALITIES WITHIN THE DECCAN 
BASALT STRATIGRAPHY OF INDIA RELATIVE TO THE K-PG BOUNDARY

Mike Widdowson1, Steven Manchester2, Bandana Samant3, D.K. Kapgate4 
1University of Hull, Hull, United Kingdom. 2University of Florida, Gainesville, USA. 3Rashtrasant Tukadoji Maharaj Nagpur 

University, Nagpur, India. 4J.M. Patel College, Bhandara, India 

A series of paleobotanically productive cherts has been known 
for many years along the eastern part of the main Deccan basalt 
province and farther east into the Mandla basalt province. While 
generally recognized as Maastrichtian to Paleocene in age, it has 
been a challenge to correlate the cherts of intertrappean beds with 
the better exposed and more thoroughly investigated basalt se-
quence of the Western Ghats.  We now place these fossil localities 
more precisely with respect to the K-T boundary using contextual 
information derived from mapping together with chemostrati-
graphic and paleomagnetic analysis of locally bounding over-and 
underlying flows. The following sites on the eastern main plateau 
are placed within Chron 29r:   Takli and Mahurzari near Nagpur; 
Nawargaon, Shibla, and Murai Patan. Chron 29r spans from the 

Maastrichtian to Paleocene  and includes the K-Pg boundary, 
currently placed at 66.0 MA. In the Mandla province, the classic 
Mohgaonkalan chert also appears to fall in Chron 29r, while pet-
rified wood sites more to the east such as Ghughua and Parapani 
are apparently higher in the succession, Chron 29n or younger, 
and likely Paleocene. Without more precise radiometric dates, we 
currently rely on the palynological correlations to derive relative 
timings to one another and to the K-Pg boundary. Palynologically, 
the Mahurzari and Murai Patan localities appear to be Maastrich-
tian, and the floristic similarity among megafossils suggests that 
the Shibla, Takli, and Ambabogholi sites may be nearly contempo-
raneous and also late Maastrichtian.

O040

GLOBAL VEGETATION AND TERRESTRIAL CLIMATE OF THE SUPER-WARM EARLY 
EOCENE

Stephanie Strother1, Ulrich Salzmann1, Matthew Pound1, Dan Lunt2, Paul Markwick3,2 
1Northumbria University, Newcastle upon Tyne, United Kingdom. 2University of Bristol, Bristol, United Kingdom. 3University of 

Leeds, Leeds, United Kingdom 

The early Eocene (56 – 47.8 Ma) contains the warmest climate in 
the Cenozoic era characterised by high atmospheric pCO2 con-
centrations with the peak of warmth recognised as the early Eo-
cene climatic optimum (EECO; ca. 53 – 50 Ma). The EECO is an 
ideal geological time period for assessing the ability of state-of-
the-art climate model projections to capture warmth in polar re-
gions where known geological evidence (e.g. trees in the Arctic) 
supports warming. However, the lack of comprehensive quanti-
tative geological data in periods of super warmth for data-model 
comparisons are limited. Here we present a new global synthesis 
of vegetation and terrestrial climate reconstruction covering the 

EECO and an extended dataset spanning the early Eocene (360 
localities). Quantitative climate estimates are derived from palae-
obotanical records using various techniques including the Coex-
istence Approach (CA) and Bioclimatic analysis for palynological 
data and Climate-Leaf Analysis Multivariate Program (CLAMP) 
and Leaf Margin Analysis (LMA) for the fossil leaf record. Using a 
multi-proxy approach and various methodologies will allow for 
an extensive assessment of uncertainties surrounding our climate 
reconstructions. This dataset will aid in the evaluation of the base-
line climate models from the Super-Warm Early Eocene Tempera-
tures (SWEET) project.
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OLIGOCENE CLIMATE SIGNALS AND FORCINGS IN EURASIA REVEALED BY PLANT 
MACROFOSSIL AND MODELLING RESULTS

Shufeng Li1,2, Yaowu Xing1, Paul Valdes2, Yongjiang Huang3, Tao Su1, Alex Farnsworth2, Daniel Lunt2, He Tang1, 
Zhekun Zhou1 

1Xishuangbanna Tropical Botanical Garden, Chinese Academy of Sciences, Yunnan, China. 2University of Birstol, Bristol, United 
Kingdom. 3Kunming Institute of Botany, Chinese Academy of Sciences, Kunming, China 

The Oligocene represents a transitional time period from a warm 
climate to a cooler climate that is more representative of the mod-
ern climate; yet, a general view of the continental climate pattern 
and forcings are still lacking. Different proxies and models show 
striking disparities, especially in the mid-high latitudes, requiring 
validation of Oligocene climate reconstruction in order to un-
derstand the large-scale processes that drive the observed climate 
changes. Here, we compiled 149 macrofossil floras in the mid-high 
latitudes of Eurasia, then quantitatively reconstructed the Oli-
gocene climate using Coexistence Approach (CA) and combined 
previous published paleoclimate data across the continent. The 
climate of the Oligocene in Eurasia mid-high latitudes was main-
ly dominated by a humid subtropical climate (warm and humid 
summer, and relatively mild or cool winters). Mean annual tem-
perature (MAT) ranged between 5.4 °C and 25.5 °C with mean 
annual precipitation (MAP) ranging from 338 to 2453 mm. No 
significant climate changes were observed between the Early and 
the Late Oligocene, however, three regions (Europe, central Eur-

asia and eastern Asia) indicate different climatic regimes, with a 
generally warmer and wetter climate in Europe and a colder and 
drier climate in central Eurasia. The climate anomalies between 
the Oligocene and present indicate that geographic changes (e.g. 
retreat of the Paratethys Sea) played an important role in shaping 
the climate pattern of Eurasia. By comparing the fossil data to a 
range of different HadCM3L model simulations of the Oligocene 
with differing boundary conditions (e.g. CO2, topography), we 
demonstrate similar large-scale climate spatial patterns between 
models and fossil data, however, models generated much higher 
simulated temperature seasonality (lower simulated winter tem-
peratures, but higher simulated summer temperatures) in Eurasia. 
When focusing on the mean annual temperature, analysis shows 
that simulations with 560 and 1120 ppmv CO2, and Robertsons 
paleogeographic data matched better with fossil data. These re-
sults provide some constraints that should be considered for fu-
ture paleoclimate modeling.

O042

THE ROLE OF GRASSES IN THE EAST AFRICAN VEGETATION ACROSS THE OLIGOCENE-
MIOCENE BOUNDARY: NEW RESULTS AND PERSPECTIVES FROM PLANT SILICA 

(PHYTOLITH) ANALYSES AT CHILGA AND MUSH VALLEY (ETHIOPIA).

Alice Novello1,2, Caroline A. E. Strömberg1, Ellen D. Currano3, Aaron D. Pan4, Neil J. Tabor5, Bonnie F. Jacobs5 
1University of Washington, Seattle, USA. 2CEREGE, Aix-en-Procence, France. 3University of Wyoming, Laramie, USA. 4Don 

Harrington Discovery Center, Amarillo, USA. 5Southern Methodist University, Dallas, USA 

The savanna biome today occupies about ~50% of the African land 
surface. Savannas are characterized by a continuous grass substra-
tum, which feeds zebras, rhinos, and a variety of bovids, all known 
for possessing tooth morphologies adapted to withstanding abra-
sive grasses and soil particles ingested with them. We seek to doc-
ument the history of savannas (i.e., the ecological dominance of 
grasses, in the family Poaceae) in the geologic past of Africa, in or-
der to elucidate factors that may have triggered their expansion in 
this part of the world. On other continents, pollen and grass silica 
remains (phytoliths) indicate that the first grass-dominated hab-
itats appeared asynchronously during the Oligocene to Pliocene 
epochs. In East Africa, paleobotanical data (macrofossils, palyno-
floras), functional morphology of fossil faunas, and carbon isotope 
ratios suggest that grass-dominated vegetation started expanding 
at the expense of forests during the early/mid-Miocene, but likely 
not until 21 Ma. To test this hypothesis, we have conducted phyto-
lith analyses in several deposits dated from before grass-dominated 
vegetation is thought to have spread in East Africa. Specifically, we 
present results from study of phytolith assemblages from terrestri-
al paleosols and sediments of the Chilga (ca 28-27 Ma) and Mush 
Valley (ca 22 Ma) localities on the Ethiopian Plateau.

Our new phytolith data support the existence of forested environ-
ments at these two localities, regardless of their different taxonom-
ic composition. Diagnostic grass silica bodies make up <25% of the 
total sum of diagnostic phytoliths, indicating that grasses were 
present, but not abundant in vegetation overall. Among these 
grasses, C3 taxa related to forest-dwelling early diverging lineages 
and/or the Bambusoideae subfamily were present in grass com-
munities at Chilga, whereas these same lineages seemed to have 
co-existed with representatives of the largely open-habitat Pooide-
ae subfamily at Mush. Furthermore, high percentages of non-di-
agnostic grass phytoliths (silicified bulliform cells, trichomes) in a 
few samples from both localities suggest variations in evapotrans-
piration or water supply either caused by seasonal climate and/or 
by repeated or persistent underwater conditions. Our results add 
to the previous interpretation of Chilga and Mush as forests by 
showing that grasses existed in the understory or in forest open-
ings. More broadly, our results are consistent with the hypothesis 
that significant grass expansion in East African environments did 
not take place until after 21.73 Ma.
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The climate of East Asia is mainly controlled by the East Asian 
Monsoon providing warm and wet air in summer, and cold and 
dry air in winter. Westerly winds transport comparatively small 
amounts of precipitation from the Atlantic Ocean and Mediterra-
nean Sea into the Asian interior. During the mid-Piacenzian warm 
period (mPWP; 3.264 – 3.025 Ma) multiple palaeorecords indi-
cate a strengthening of the East Asian Winter Monsoon (EAWM) 
whereas the response of the East Asian Summer Monsoon (EASM) 
is subject of controversy.  Here we present new palaeoreconstruc-
tions of Pliocene vegetation from two sites located at the north-
western limit of the EASM (Kunlun Pass and Qaidam Basin) to fur-
ther understand climate changes in a warmer world with elevated 
atmospheric pCO2.

Preliminary palynological results from the Kunlun Pass Basin (4.3 
– 1.4 Ma) show that the vegetation was characterised by semi-des-
ert shrubs, especially Chenopodiaceae and Artemisia spp., whereas 
grasses (Poaceae, Cyperaceae) occurred in minor amounts. Long-
term climate cooling during the Pliocene and Pleistocene is char-
acterised by a decline in coniferous and broadleaved trees and a 
strong increase in Cyperaceae at the Pliocene/Pleistocene transi-
tion. Although the timing of Kunlun Pass uplift is still being debat-
ed, our data suggests that modern altitudinal differences between 

the Kunlun Pass Basin and Qaidam Basin (~ 2000m) have already 
been established during the Pliocene which is consistent with ox-
ygen isotope data from the same record.

The high-resolution pollen record from the western Qaidam Basin 
(SG-1b drilling site) shows that between 3.495 – 3.011 Ma the vege-
tation was dominated by xerophytic shrubland with Chenopodia-
ceae and Artemisia spp. Spectral analysis on Artemisia/Chenopodi-
aceae ratios suggests that palaeoprecipitation in the Qaidam Basin 
are controlled by 41ka and possibly 100ka orbital cycles.

At the top and bottom of the record, Poaceae and Cyperaceae 
amounts are consistently higher which might indicate palaeo 
lake level changes. Higher amounts of grasses reflect an increased 
input from locally growing plants surrounding the lake, and can 
therefore be attributed to intervals of smaller lake size. Our paly-
nological interpretation will be complemented with data from 
XRF core scanning and C/N element analysis, that will provide 
independent information about the evolution of the lake system. 
First result of XRF core scanning reveal that sedimentation alter-
nates between intervals of predominantly terrigeneous input and 
phases of high authigenic carbonate formation most likely caused 
by lake level fluctuations.
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QUANTITATIVE RECONSTRUCTIONS OF PALAEOCLIMATE IN ALTAI-SAYAN MOUNTAIN 
AREA (SOUTH SIBERIA, RUSSIA) IN LATE GLACIAL AND HOLOCENE TIME BASED ON 

POLLEN DATA FROM FIVE SECTIONS OF PEAT AND LAKE SEDIMENTS.

Tatiana Blyakharchuk 

Institute of Monitoring of Climatic and Ecological Systems of Siberian Branch of Russian Academy of Sciences, Tomsk, Russian 
Federation 

Quantitative palaeoclimatic reconstructions with help of trans-
fer functions based on a series of author’s modern spore-pollen 
spectra (120 samples) and corresponding climatic parameters 
compiled by the method of multivariate statistical analysis are 
performed. The quantitative palaeoreconstructions of the annual 
amount of precipitation, temperature of January, and temperature 
of July were reconstructed by calibrating of palaeopolanological 
data on the optimums of the transfer functions. In general, three 
global models of the post-glacial climate were clearly manifested 
in the Altai-Sayan region: the climate of the Late Glacial age, the 
Middle Holocene and the late Holocene climates. In the Late Gla-
cial period in the Altai and in the Western Sayans mountains, the 
climate as a whole was dry and more continental than the mod-
ern one. The January temperatures were lower than today’s, and 
the July temperatures were higher than today’s. At the same time, 
in the western regions the climate, in comparison with the mod-
ern, was much more continental than in the eastern regions. The 
climate of the early and middle Holocene has been reconstruct-
ed significantly wetter than the late glacial and more humid than 

the modern one. Changes in the temperature regime resulted in a 
significant decrease in the continentality of the climate due to an 
increase in winter temperatures and a certain decrease in summer 
temperatures in the western and southern regions of the Altai. But, 
in the eastern regions, the reconstruction showed an increase in 
both winter and summer temperatures. In the late Holocene af-
ter 6000 cal. years ago, another global climate change occurred, 
which, however, affected only the southern and eastern regions of 
the Altai-Sayan mountainous region. Thus, the quantitative pa-
leoclimatic reconstructions of Late Glacial and Holocene based on 
the palynological data of the Altai-Sayan mountain area revealed 
the heterogeneity of climatic changes in different regions of the 
area, manifested in a change in the abundance of precipitation, 
the January and July temperature characteristics, and the seasonal 
contrast of the climate, especially in the western regions. The re-
search was supported by Russian Foundation for Basic Researches 
No. 17-55-5202MHT_a. and Budget Research Theme of IMCES SB 
RAS.
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DISPERSED GYMNOSPERM CUTICLES FROM THE MUKHEIRIS FORMATION OF JORDAN 
– A GLIMPSE INTO ANISIAN (MIDDLE TRIASSIC) PHYTODIVERSITY AT THE NORTHERN 

MARGIN OF GONDWANA

Abdalla M.B. Abu Hamad1, Cátia V. Gonçalves2, André Jasper2, Dieter Uhl3 
1University of Jordan, Amman, Jordan. 2Univates, Lajeado, Brazil. 3Senckenberg Research Institute and Natural History 

Museum, Frankfurt am Main, Germany 

During recent field work in the Triassic of Jordan a new fossil me-
so-flora consisting of dispersed cuticles has been discovered from 
the Upper Member of the Middle Triassic (late Anisian) Mukhei-
ris Formation at the eastern rim of the Dead Sea. The assemblage 
consists of a number of different types of cuticles which can all be 
attributed to gymnosperms, mostly without a more specific tax-
onomic assignment. Very few of these cuticles can be assigned to 
conifers (of assumed Voltziaceaen affinity) whereas cuticles (ten-
tatively) assigned to the corystospermalean taxon Dicroidium are 
fairly abundant. Our data suggest that during the late Anisian, like 
in other regions worldwide, the gymnosperm component of the 

land vegetation in the Near-East region was rather diverse. Com-
pared to the palynoflora, which yielded various types of conifer 
pollen, and pollen of other gymnosperm groups, as well as spores 
of ferns and lycophytes, the meso-flora is obviously lacking a num-
ber of plant groups present in the source vegetation. It is likely that 
the differences can be explained by taphonomic biases. The data 
from cuticles and palynology together prove, that either regional 
terrestrial ecosystems had already recovered, at least to some ex-
tent, from the devastating effects of the end-Permian ecological 
crisis or that these effects were less devastating at least in this re-
gion as assumed by previous studies.
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The Order Bennettitales (Cycadopsida) represents a highly inter-
esting group of extinct gymnosperms with a widespread distribu-
tion and a high diversity during the Mesozoic interval all around 
the world. The bennettitaleans have a high evolutionary signifi-
cance due to their peculiar reproductive structures and vegetative 
organs, due to their diversity as well as due to their palaeoecology 
and palaeogeographic distribution. Their systematic position is 
still disputed, with suggested affinities with the Gnetales or con-
sidered as an independent clade. Peculiar reproductive structures 
with radial symetry, such as Williamsonia, Wielandiella  and  Wil-
liamsoniella et al., hint them as possible ancestors for a part of the 
angiosperm polyphyletic group. Diverse foliage records belonging 
to Bennettitales are widely documented in China. However, the 

bennettitalean reproductive structures have been very rarely 
reported. Here we report a new species of Williamsonia Carruthers 
1870, W. shenzheniana sp. nov. from the Lower Jurassic terrestrial 
Jinji Formation in Shuitousha, Guangdong Province, China. 
The new species is represented by an ellipsoidal ovuliferous cone 
surrounded by two whorls of smooth and elliptical-elongated 
bracts. Williamsonia shenzheniana sp. nov. has systematic affinities 
with W. gigas Carruthers 1870, W. banatica (Krasser) Popa 2014, W. 
latecostata (Krasser) Popa 2014, among other Williamsonia species, 
and it is associated with Otozamites hsiangchiensis Sze 1949 foliage 
and branches, hinting to belonging to the same whole plant. 
Williamsonia shenzheniana  is the first species belonging to genus 
Williamsonia reported from China.

O047

LATE TRIASSIC FLORAL DIVERSITY OF THE CENTRAL TRANSANTARCTIC MOUNTAINS: 
RE-INVESTIGATING THE FOSSIL FLORA OF “ALFIE’S ELBOW”.

Brian Atkinson1, Rudolph Serbet1, Patricia Ryberg2, Edith Taylor1 
1University of Kansas, Lawrence, USA. 2Park University, Parkville, USA 

Due to Antarctica’s paleogeographic location at the center of 
Gondwana, fossil deposits from this continent are an essential 
data source for understanding the paleobiogeographic history 
and diversification of Mesozoic southern floras. Moreover, the 
Transantarctic Mountains contain some of the most extensive and 
continuous terrestrial Triassic sequences in the Southern Hemi-
sphere. This provides an excellent opportunity to examine Gond-
wanan plant diversity, especially at high/polar latitudes during 
the early Mesozoic. The 2017-2018 University of Kansas field ex-
pedition to the Shackleton Glacier area resulted in the recovery of 
abundant Late Triassic plants from the “Alfie’s Elbow” locality (up-
per Fremouw to lower Falla formations). Exposures of this locality 
consists of a near 42 m thick sequence of floodplain and fluvial 
channel deposits. Furthermore, this site has been recognized as 
one of the most diverse Triassic compression assemblages known 
in the Transantarctic Mountains and has been reported to consist 
of Neocalamites, Umkomasia uniramia, Pteruchus, several types of 
Dicroidium, Telemachus, Heidiphyllum, Taeniopteris, and other taxa. 

In this reinvestigation of the “Alfie’s Elbow” flora, we reexamined 
previously collected material and provide a preliminary report 
on the fossils recovered from the 2017-2018 field season. Thus far, 
an additional diversity of ferns and seed plants that has not been 
previously recognized at this locality or in some cases, Antarcti-
ca have been identified. Newly recognized ferns are represented 
by leaves of Clathopteris and Cladophlebis. The expanded gymno-
sperm assemblage includes a conifer leafy stem consisting of he-
lically arranged needle-shaped leaves with decurrent leaf bases, 
ginkgophyte leaves of Baiera and ?Ginkgophyllum as well as poten-
tially Hamshawvia ovulate structures. Furthermore, a gigantopter-
id-like seed-bearing leaf, a cycadophyte ovulate cone, peltasperm 
ovulate organs and leaves of Matatiella and Dejerseya have been 
identified. In addition, silicified peat with charcoalified material 
was also recovered from the locality. Overall, the newly recognized 
taxa at this site furthers our understanding of the floras that exist-
ed at high polar latitudes just before the end of the Triassic.
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CUTICULAR ANALYSIS OF MUMMIFIED PLANT REMAINS FROM THE TRIASSIC LEIGH 
CREEK COAL MEASURES OF SOUTH AUSTRALIA
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We present the first results of an ongoing study of well-preserved 
plant remains from the Triassic Leigh Creek Coal Measures (Car-
nian–Norian) of the Telford Basin (South Australia). Occurrences 
of plant fossils in the area have been known for more than a centu-
ry. Recently ceased open-pit mining operations have created exten-
sive exposures of plant-bearing deposits, which enabled documen-
tation and collection of exceptionally well preserved plant-fossil 
assemblages from 14 stratigraphic levels. Most remarkable are 
intercalations of paper shales that are composed of mass accumu-
lations of mummified plant remains. Since the host deposits are 
unconsolidated to weakly lithified mudrocks, we are testing novel 
methods of palaeobotanical bulk maceration for retrieval of large 
volumes of macro- and mesofossils via various treatments using, 
e.g., a combination of heated hexametaphosphate solution and 
Schulze’s reagent. The vast majority of plant fossils recovered so 
far belong to the iconic Triassic seed-fern frond Dicroidium (Cory-
stospermales/Umkomasiales); additional taxa include net-veined 

leaf fragments of Rochipteris (Petriellales) and as yet unidentified 
pteridosperm frond fragments. Various additional plant parts are 
also represented with unusual cellular preservation, including 
possible fragments of stem cortices. Also remarkable is that the 
Dicroidium cuticles host diverse evidence for plant-insect inter-
actions, including various types of external feeding damage, leaf 
mining and possible galling. We are confident that on-going large-
scale maceration and preparation of these highly promising host 
deposits may eventually yield reproductive organs that might offer 
insights into the reproductive biology of Umkomasiales and Petri-
ellales. Future studies of this exceptional material will: (1) enable 
precise taxonomic assessment of the systematic composition of 
the various plant assemblages; (2) allow detailed interpretation of 
the biology and autecology of the constituting plant taxa; and (3) 
facilitate analysis of the abundance and diversity of plant-insect 
interactions in Late Triassic Gondwanan coal-forest ecosystems.

O049

THE PALAEOECOLOGICAL IMPLICATIONS OF MEGAHERBIVORE COPROLITES FROM 
THE UPPER TRIASSIC OF POLAND.
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Rich assemblages of plant-bearing coprolites from the Upper Tri-
assic of Poland provide surprising perspectives on the feeding 
behaviour of their producer, large megaherbivore. Their content, 
size and shape linked them with the elephant-sized, toothless and 
plant-eating dicynodonts (Therapsida), which bones are abun-
dant in the same strata where coprolites were collected. The study 
of coprolites content revealed the presence of numerous plant re-
mains, which are preserved in the carbon-rich and pyrite-miner-
alised coprolite matrix. Tree coprolite specimens were investigated 
in details. Each coprolite contained wood fragments, higher plant 
cuticles, disaggregated higher plant tracheids and black amor-
phous organic particles. Plant cuticles are the most numerous 
component of the coprolites. Cuticles, even that fragmentary, 
are well preserved, lacking a distinctive trace of degradation that 
could be associated with digestive processes. Unfortunately, most 
of the cuticles are incomplete and many of the important features 
are lost. Nevertheless, cuticle specimens were divided into mor-
photypes on the basis of combination of cuticle characters that are 
consider to be of taxonomical importance among gymnosperms: 

the differentiation of adaxial and abaxial leaf side, the presence of 
stomata, the orientation, arrangement and density of stomata, the 
shape and structure of stomata complex, the shape and arrange-
ment of other epidermal cells, the ornamentation of epidermal 
cells and the presence of trichomes. Cuticles of leaves are the most 
represented. The clearly dominating group are conifers, including 
the most abundant Brachyphyllum and Pagiophyllum-type of foli-
age. But whether plants from which they originate where a dietet-
ic choice of dicynodont remains uncertain. The most important 
cuticles, from the nutritious point of view or favoured by the an-
imal could get dissolved in the gastrointestinal system, and only 
the most resistant cuticles remained. Still, the plant content of the 
coprolites can provide valuable information about the local veg-
etation and can be a supplementary data to the high-resolution 
reconstruction of the ancient plant assemblages.

The research were financed by the Polish National Science Centre 
grant no. 2014/15/N/ST10/05142 (to ZW).
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PERSISTENCE OF TEMPERATE TREES DURING THE LATE GLACIAL PERIOD IN THE 
CENTRAL-EASTERN EUROPE (CZECHIA AND SLOVAKIA).

Eva Jamrichová1,2, Anna Šolcová1,3, Petra Hájková1,2, Andrea Gálová2, Michal Hájek2 
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Presence of temperate tree pollen during the late Glacial in the 
profiles from the northern part of the Pannonian Basin and West-
ern Carpathians has been traditionally interpreted as long-dis-
tance pollen dispersal from the southern regions. During the 
last decade, new palaeoecological data from Pannonian/Western 
Carpathian border indicated, that temperate trees (Corylus, Ulmus, 
Quercus, Fraxinus) occurred mostly in wet, base-rich hilly regions 
and their foothills during the late Glacial and early Holocene. New 
pollen records also confirmed an exceptionally early Holocene ex-
pansion of temperate trees into this region, which was supported 
by finds of macro-remains of oak. However, the direct proof (mac-
ro-remains, wood, charcoals) of the presence of temperate trees 
during the late Glacial period was still missing.

In 2012, an organic sediment was recovered near Lanžhot located 
in the northern part of the Pannonian Basin (S Czechia). Radio-
carbon dating of basal layers (14670 cal. BP) confirmed Allerød age 
(GI 1) of the peat accumulation. Continual higher abundances of 
temperate tree pollen in the lower layers suggest, that glacial forest 
steppe contained patches of temperate trees. Surprisingly, in the 
layer dated to Allerød period, the piece of Quercus wood radiocar-

bon dated to 14.533 cal BP was found.

We conclude that the increase of temperature and precipitation 
recorded at around 14700 cal. BP (Pleniglacial/late Glacial transi-
tion) triggered a spread of temperate forest species. Such an early 
occurrence of temperate trees implies either their early late-glacial 
immigration to this region from their glacial refugia situated else-
where in the Pannonian Basin, where their survival was recorded 
during the Last Glacial Maximum. Or another explanation is an 
existence of their close cryptic glacial refugia in the study region, 
where temperate trees may have persisted in the micro-climati-
cally favorable places with higher humidity (e.g. along rivers and 
streams).

Acknowledgement: This study was supported by Czech Science 
Foundation, projects no. 17- 467 05696S, by the European Research 
470 Council under the European Union’s Seventh Framework Pro-
gramme (FP7/2007-2013)/ERC 471 Grant agreement no 278065, 
and by institutional supports of the Czech Academy of Sciences 
(RVO 67985939) and Masaryk University (MUNI/M/1790/2014).
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Spreading of first farmers after 7500 BP in central Europe is most 
important change of then society, so called Neolithic revolution 
or transition.  This is a last period of relatively small human im-
pact on nature and it cold be considered like beginning of culture 
landscape.

Sources of present day knowledge are mainly natural paleobo-
tanical profiles out side of human settlement and archeobotani-
cal evidence of Neolithic objects. This dry evidence is scare and 
poor for archeobotanical evidence. We are analyzing of Uničov 
well (central Moravia) and Velim well (central Bohemia) excavated 
2 years ago. Both objects are dendrochronological dated to time 
span 5278 to 5104 BC.

Wet infill of Neolithic wells has advantage of rich and good pre-
serve and quantity of plant remains like natural sites, but it has 
detail record of terrestrial species and cultivated plants. Human 

subsistence wasn’t based only on crop plantation, but picking of 
broad spectra of wild plants. Abandoned well was used for flax pro-
cessing for textile production.  It gives small percentage of cereal 
pollen in well record under 5 % directly in Neolithic village. To-
gether with other proxies like beetle remains, or mollusk it can al-
low reconstruct surrounding landscape and their ecology. Existing 
evidence confirm surviving of species of open habitats, including 
steppe elements from Early Holocene, or to even Late Glacial. It was 
probably supported endured relatively dry continental climate. It 
allows continues existing of open habitats species through Middle 
Holocene, co called Holocene forest optimum and formation of 
synantropic plant communities and open habitats communities, 
which existence is condition of human activity. Dry grassland rep-
resents present day refugia of Early Holocene species.

The research is supported by Czech grant agency project number 
GA17-11711S.  
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LOOKING AT THE BYZANTINE RESILIENCE USING PALAEOCLIMATE PROXIES: POLLEN, 
GEOCHEMISTRY AND BIOMARKERS ANALYSES FROM LAKE DOJRAN (GREECE, F.Y.R. OF 
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Existing evidence suggests that the Byzantine society, with all its 
complexity, successfully adapted to a variety of environmental 
conditions. The ways in which societal and environmental pro-
cesses influenced each other remained surprisingly varied. In or-
der to gain a better understanding of how these processes interact-
ed, we compare palaeoenvironmental archive with historical data 
within the framework of an independent research group recently 
created at the Max Planck Institute for the Science of Human His-
tory in Jena.

Lake Dojran (Greece and FYROM) (1), within the historical region 
of Macedonia, provided a valuable record of Holocene environ-
mental change, including several proxies, such as pollen, NPPs, 
geochemistry and biomarkers data. In this paper, we focus on the 
last 2000 years of palaeoenvironmental data supported by a robust 
age-depth model to present a case study that offers an insight into 
our approach.

A reduction in arboreal vegetation occurred since the first century 
BC (ca. 2000 yr BP), when the new Roman province of Macedonia 
was integrated into the Roman market economy. Among trees, Pi-
nus is the most affected taxon probably due to a selection in timber 
cutting by Romans. For almost 600 years the environment, that 

was already undergoing a transition to drier conditions, was clear-
ly impacted as attested by the presence of cultivated and synan-
thorpic taxa. Then, at the end of the Roman period, arboreal veg-
etation expanded again. Between 600 and 850 AD (ca. 1400-1250 
yr BP), the Plague of Justinian, the collapse of the Roman order in 
the Balkans and the coming of the Slavs (2) seem not impacting on 
pollen data but could be related to some changes in biomarkers. 
After a hiatus in cereal cultivation, probably related to the Black 
Death, cereal pollen achieves its highest values in the 16th and 17th 
c. (ca. 500-250 yr BP), which is clearly related to the role that Ot-
toman Macedonia played for the provision of the Ottoman armies 
and the city of Constantinople, as well as in the international 
grain trade in the Mediterranean.

(1) Masi, A., Francke, A., Pepe, C., Thienemann, M., Wagner, B., Sa-
dori, L., 2017. Vegetation history and palaeoclimate at Lake Dojran 
(FYROM/Greece) during the Late Glacial and Holocene, Climate 
of the Past Discussion, https://doi.org/10.5194/cp-2017-114.

(2) Izdebski A, Koloch G, Słoczyński T., 2015. Exploring Byzantine 
and Ottoman economic history with the use of palynological 
data: a quantitative approach. Jahrbuch der österreichischen Byz-
antinistik, 65, 67–110.
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ACHAEMENID PERSIAN EMPIRE, WITH INTRODUCTION OF NEW ARBORICULTURAL 
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This study presents the results of a high-resolution palynologi-
cal investigation on a 355 cm core from the seasonal saline Lake 
Maharlou in Zagros Mountains, SW Iran. The studied section of 
the core (185 – 230 cm: 1700-2800 cal BP) spans the period before, 
during and after the development and flowering of the Achae-
menid Empire, the largest imperial state in the Antiquity. Conse-
quently, we place emphasis on the role of man in modifying the 
natural vegetation and landscapes of the area. The new pollen 
record reveals a novel arboricultural element i.e. Punica granatum 
(Pomegranate) to the formerly evidenced cultivated trees (Olea, 
Juglans, Platanus, Vitis). The very under-represented pollen repre-
sentation of pomegranate implies the existence of extensive cul-
tivation of the tree in the study area and may show compatibility 
with historical documents about the value of pomegranate twigs 
in Zoroastrian rituals and ceremonies. Furthermore, the pollen 
record depicts a significant increase in agriculture, arboriculture 
and urbanization in this period. Besides, the hypothesis of mas-

sive cypress tree cultivation in ‘Persian gardens’ and urban areas, is 
supported by the continuous curve of Cupressaceae which co-var-
ies with other cultivated trees i.e Platanus. Therefore, this suggest 
the importance of cypress tree in Ancient Iran. Furthermore, gen-
eral increase in cultivated and native trees such as Fraxinus, Ulmus, 
Pinus and Salix also suggests that these trees were also cultivated 
in Ancient Persia. The considerable presence of agriculture-re-
lated pollen types such as Rumex, Plantago lanceolata-type beside 
Cerealia-type and dung-related fungi, as pastoral indicators and 
obvious changes in drought and disturbance indicators such as 
Euphorbia and Prosopis farcta-type pollen can be interpreted as con-
tinuous extensive human activities in the area. Evidence of aridi-
ty and decrease in extent of water-logged area around the Lake is 
revealed by slight increase of desert shrubs such as Zygophyllum, 
Ephedra and Tamarix along with decrease in Riella spores and natu-
ral vegetation species such as Pistacia and Amygdalus.
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CARPOLOGICAL ANALYSIS OF THE SANTI QUATTRO CORONATI PIT (ROME, ITALY)

Claudia Moricca, Laura Sadori, Alessia Masi, Lia Barelli, Raffaele Pugliese 

Sapienza - University of Rome, Rome, Italy 

Results of archaeobotanical analyses carried out in a Renaissance 
pit situated in the Santi Quattro Coronati complex in Rome are 
presented. The study focuses on carpological remains, preserved 
through mummification by desiccation. The complex, first attest-
ed in 499 AD, underwent a long series of transformations and ad-
ditions over the course of the centuries. In the 13th century it was 
divided between a monastery filiated with the Umbrian Abbey of 
Sassovivo and a vast palace, meant to host the cardinals. Starting 
from 1564 the complex hosted the Conservatory of the Orphan 
Girls, run by Augustinian Nuns, who still guard the complex.

The area under analysis derives from the partial closure of the stair-
case of a Carolingian tower set in the eastern side of the complex. 
This was used as a disposal pit during the 16th and 17th centuries, 
in correspondence of the occupation by the court of the cardinals 
and perhaps the Orphan Girls. The tower was emptied during ex-
cavations carried out in 1996, leading to the identification of five 
stratigraphic units. After a rough selection of the remains, the rest 
of the sediment was deposited in sealed buckets and stored in the 
context of retrieval.

Part of the material belonging to stratigraphic units 3 and 4 was se-
lected for analysis. The material was first sieved and later handpicked. 

Approximately 6,000 well-preserved fragments of seeds and fruits, 
belonging to 35 taxa, mostly identified at species level and attribut-
ed to 18 different plant families were identified. The main findings 
are represented by Pastinaca sativa (parsnip), Juglans regia (walnut) 
and Vitis vinifera (grape). Except for a few wild species, the plant 
assemblage is rich in diet remains. These include cereals, such as 
oat (Avena fatua/sterilis), legumes, with a prevalence of faba beans 
(Vicia faba – var. major), fruits, including peaches (Prunus persica), 
walnuts (Juglans regia), pomegranates (Punica granatum), as well as 
spices, including fennel (Foeniculum vulgare). A peculiar finding is 
constituted by New World species.

The good state of conservation of the botanical remains in the San-
ti Quattro Coronati pit, as well as their abundance, are correlated 
to the favourable thermo-hygrometric conditions found in the 
tower. The botanical assemblage confirms the high social status of 
the inhabitants of the complex at the time of usage of the pit.

The presence of New World species identifies the complex as one 
of the first landmarks where goods were brought to from the newly 
discovered continent.
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Bill Chaloner was one of the world’s leading authorities on the 
study of plant fossils. His work was wide-ranging and he devel-
oped new approaches in his research, including integrating data 
from plant macrofossils with those from fossil pollen and spores 
and helping to develop the field of palaeopalynology. He studied 
Paleozoic lycopsids, especially their in situ spores, and the ecology 
of ancient plants using both macrofossils and palynology. In stud-
ies on fossil plants and the palaeoatmosphere he used charcoal as 
an indicator of ancient oxygen levels and stomatal density/index 
as a measure of ancient CO2 levels. He used growth rings in fossil 
wood as a paleoclimate indicator and also studied the chemistry 
of fossil plants. Bill was Secretary of IOP until 1977 and President 

from 1981-1987 and he served for many years on various commit-
tees dealing with nomenclature of plant fossils including on the 
editorial committee for the Sydney, Berlin and Tokyo codes. Bill 
possessed a polymath-like grasp of diverse subject matter, and 
with a clear and critical mind he was especially adept at distilling 
disparate information into a coherent and understandable whole. 
As an engaging, accomplished and enthusiastic teacher and men-
tor he inspired countless young scientists, including through five 
decades of service to several colleges of the University of London. 
In this poster we present images from Bill’s life and career as part 
of the symposium “Celebrating the career of Bill Chaloner: from 
palaeoproxies to nomenclatural issues”.
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THE FAMILY CHALONERIACEAE 35 YEARS ON, AND ITS INFLUENCE ON ISOETALEAN 
LYCOPSID PHYLOGENY.

Kathleen Pigg1, Patricia Gensel2 
1Arizona State University, Tempe AZ, USA. 2University of North Carolina, Chapel Hill, NC, USA 

Pigg and Rothwell published a paper in 1979 on a lycopsid plant 
base from the Late Pennsylvanian coal-ball flora near Steubenville, 
Ohio, USA that showed anatomical structures comparable to those 
of modern Isoetes. Features of this “woody lycopsid” included sec-
ondary cortical tissues and bilateral symmetry of the plant base. 
Pigg and Rothwell completed the study of this coal-ball plant in 
1983 and named it Chaloneria cormosa, in honor of Bill Chaloner 
for his contributions to the understanding of lycopsid cones with 
in situ spores. The whole-plant reconstruction of Chaloneria pro-
vided the basis for the family Chaloneriaceae. Diagnostic features 
include sparsely-branched to unbranched stems, a cormose plant 
base, typical Paleozoic lycopsid vegetative anatomy and bispo-
rangiate fertile zones. In situ spores were the  auriculate Valvi(si)
sporites auritus megaspores with megagametophytes and pseudo-
saccate Endosporites globosa microspores, often found still in their 
tetrads. In 1985, the authors expanded their study of Chaloneria to 
detail primary and secondary cortical tissues that formed the an-
atomical basis for certain decortication patterns such as Asolanus 
and Knorria. Gensel and Pigg (2010) used this model, plus those 
presented by Chaloner and collaborators, to understand the corti-

cal tissues and stem surface patterns of the Mississippian lycopsid 
from the Price Formation of Virginia, USA, previously assigned to 
Lepidodendropsis. This plant is thought to have produced Protostig-
maria-like plant bases with multiple lobes that appear to develop 
in a manner similar to the plant bases of modern Isoetes.

This presentation will detail with  the significance of Chaloneria 
cormosa to our current understanding of taxa assigned to the isoe-
tealean clade, especially noting the importance of understanding 
cortical features in multiple preservation modes for delimiting 
leaf base/cushion features, traditionally an important taxonomic 
character.   We are currently investigating additional taxonomic 
features of reproductive structures and spore types of the Missis-
sippian Price Formation plant.  Considering Devonian-Carbonif-
erous tree lycopsids, various combinations of vegetative and/or re-
productive features occur. Given that, how important is strobilus 
type and spore morphology in delimiting lycopsids? In particular, 
are spore types diagnostic of lineages? If so, how do they correlate 
with the other characters and ecology- again “channeling Bill 
Chaloner”.



Page 66

O057

THREE ASPECTS OF THE CHALONERESQUE APPROACH.

Hugh Pearson 

Electricite de France, Sizewell, United Kingdom 

“Chaloneresque” was a term coined by Al Traverse in 1993, around 
the time when Bill Chaloner retired as Head of School of Life Sci-
ences, RHUL, Egham, England.Traverse described Bill as “a man for 
all subjects”; like a latter day Alexander von Humboldt.Below are 
three aspects of Bill’s work and ideas that, to me, illustrate his poly-
mathic approach to fossil botany.

1) At the University of Reading, Bill submitted a rather short thesis 
for his Ph.D. in botany in 1953;he illustrated it with camera lucida 
drawings and photographs of Carboniferous lycopsid cones and 
their spores.That thesis was typical of how Bill went on to combine 
evidence from more than one source and to present it in diverse 
pictorial forms. His bar charts showed not only the numbers of 
spores of varying diameter from certain cones, but Bill used them 
also to demonstrate the advent of heterospory in the Devonian. 
Bill used cellulose ethanoate peels in projector slide mounts to 
teach students palaeobotanical techniques and to illustrate the 
anatomy of plants permineralized in coal balls.In retirement, he 
developed his skills as an artist in water colours.

2) In his magnum opus, (Lycophyte part of Traite de paleobotanique, 

1967) Bill skillfully surveyed hundreds of lycopsid taxa that had 
been named since 1820.His critical approach drew together ev-
idence from adpressions, casts, molds, permineralizations and 
sporae dispersae with respect to international nomenclatural con-
ventions and established taxonomic groupings. Bill’s treatments 
of the Carboniferous lycopsids Lepidocarpon, Sigillariostrobus and 
Mazocarpon are typical of how he combined palaeobotanical and 
palynological lines of evidence to produce a coherent systematic 
framework.

3)Bill was a master of communication with students, with fellow 
palaeobotanists and in the political realm too. He encountered 
monarchs and ministers of state, demonstrating the value of bio-
logical collections and importance of scientific research. He served 
as a trustee at the Royal Botanic Gardens, Kew, England, there 
drawing the plant kingdom to the attention of senior managers 
of the British Broadcasting Corporation. Bill was concerned that 
changes in information technology should preserve and convey 
information on fossil plants to future generations as effectively as 
have printed words and pictures over the past centuries.
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STUDIES OF FOSSIL AND MODERN SPORE WALL SPOROPOLLENINS USING FTIR.
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The pollen and spore (sporomorphs) fossil record is one of the 
most complete archives available to palaeobiologists in terms of 
temporal and spatial range. This record is a function of both their 
production and their preservation potential. This enhanced pres-
ervation is due to the exine of both spores and pollen being com-
posed of the biomacromolecule sporopollenin, which is regarded 
as one of the most resilient naturally occurring compounds. Twen-
ty six year ago Professor Chaloner and colleagues published a pa-
per (Hemsley AR et al 1992 Annals of Botany 69 545–549) that used 
13C solid state NMR to probe the composition of sporopollenin.  In 
this publication they state:

 “The capacity of NMR to demonstrate variation in structure, in what 
is clearly a heterogeneous class of organic macromolecules, suggests 
the possibility that this procedure could be of use in characterizing the 
sporopollenin of different plant groups. The fact that such material 

retains its structural integrity in the fossil state further opens up the 
possibility of our following evolutionary changes through time of this 
inert biomacromolecules.”  

This presentation will discuss how our understanding of sporopol-
lenin has developed since the publication of this study. We will 
focus on two distinct areas of enquiry. Firstly how sporopollenin 
chemistry can be used as a tools to elucidate taxonomic affiliation 
of isolated sporomorphs potentially allowing us to address evolu-
tionary questions.  Then we will discuss how specific components 
of sporopollenin are regulated by the environment and how these 
chemical changes can be used to inform on past climate change. 
The presentation will conclude with a discussion on how new in-
strumentation/ technology has the capacity to drive the field for-
ward.
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EXPERIMENTALLY GENERATED CHARCOALS: IMPLICATIONS FOR RECOGNITION AND 
INTERPRETATION OF FOSSIL AND MODERN WILDFIRE CHARCOAL

Margaret Collinson, Andrew C. Scott 
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Margaret’s research career began as RA to Bill Chaloner and Bill 
was PhD supervisor to both Margaret and Andrew. During our 
time with Bill we both greatly benefited from experiencing his di-
verse research approaches. For example, as a RA Margaret worked 
with Bill studying latex replicas of plant fossils and as a PhD stu-
dent Andrew worked with Bill feeding spores to locusts. It is with 
this variety of experimental approaches in mind that we will pres-

ent here some new results on laboratory experimental heating 
(charcoal production) of plant material.  The new data from study 
of the experimentally generated charcoals have implications for 
(i) recognition and identification of charcoal produced during an-
cient and modern wildfires and (ii) the interpretation of macerals 
in lignites and coals.
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ACRITAX: A NEW ONLINE TAXONOMIC DATABASE OF ACRITARCHS
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Digital technology has not only revolutionised the way we access, 
store and manipulate data, but also our expectations with regard 
to undertaking these activities. Anyone can now search for, and 
hopefully find, information on virtually anything. Students, 
non-specialist researchers, even expert taxonomists increasingly 
expect to find answers via the web rather than from traditional 
monographs. Consequently, there is an increasing need to deliver 
reliable taxonomic data through the WWW. This absolutely ap-
plies to acritarch taxonomy, which, despite having many users in 
academia and industry, has a notably limited digital footprint.

Acritax is a soon-to-be delivered open access online database of 
acritarch taxonomy and images, which we have been developing 
since 2016 using the mikrotax taxonomy content management 
system, developed for the nannotax and pforams@mikrotax web-
sites. It has two components: Acritax-JWIP and Acritax-main.

Acritax-JWIP comprises a scanned version of the entire acritarch 
catalogue from the John Williams Index of Palaeopalynology (JWIP), 
housed in the Natural History Museum, London. There are cur-
rently 1,392 acritarch genera and 11,435 acritarch species record-
ed in Acritax-JWIP, where each genus and species has one or more 
cards, each individually scanned. Information found on the cards 
includes generic diagnoses, emendations, all recorded occurrenc-
es of species, their ages, locations and abbreviated references. It is 
intended that species diagnoses and emendations will also be add-
ed. This system, therefore, enables you to check the description, 

occurrence, synonymy, age range and biogeographical distribu-
tion of any acritarch.

Acritax-main is the second component of Acritax and is intended 
as a documentation of working taxonomy. It fulfills the following 
functions:

1. Provides an up-to-date alphabetical listing of species we regard 
as useful, their current and alternative combinations, and links to 
the JWIP entries for those taxa.

2. Provides for each accepted taxon images, notes on morphology, 
taxonomic concepts, temporal/biogeographical distributions, and 
bibliographic references.

3. Provides search tools to find records on taxa using name, syn-
onym(s), authorship, age, location, geology, Downie Classifica-
tion and/or morphological characters.

The mikrotax system provides the framework for this work, includ-
ing tools for handling large image collections with metadata, and 
plotting range charts and even evolutionary trees. Populating Acri-
tax is at an early stage but we plan to have a useful level of coverage 
for Cambrian acritarchs by the time of the meeting. This talk is 
intended to introduce Acritax, outline our progress and plans and, 
especially, to stimulate suggestions and feedback from potential 
users.
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REVISION OF THE CAMBRIAN–ORDOVICIAN ACRITARCH GENUS VULCANISPHAERA 
DEUNFF, 1961 - ECOPHENOTYPISM IN EARLY PALAEOZOIC ACRITARCHS?

David Kroeck, Mathilde Blanchon, Claude Monnet, Thomas Servais 

Evo-Eco-Paléo, UMR 8198 CNRS, Université de Lille, Bâtiment SN5, Avenue Paul Langevin, 59655 Villeneuve-d’Ascq Cedex, 
France 

While their biological affinities remain enigmatic (by definition), 
many Palaeozoic acritarchs are considered to represent cysts of 
organic-walled microphytoplankton. Due to the often purely 
descriptive approach of many earlier studies, neglecting the pa-
laeoecological context, it can be argued that a large part of the 
described acritarch taxa are not real biological entities but rather 
represent different (eco-) phenotypes. In order to better under-
stand their biology and ecology, comparison with various modern 
groups of phytoplankton can be an appropriate approach. Dino-
flagellate cyst morphology is known to vary in response to envi-
ronmental changes, such as salinity and temperature (e.g. Kokinos 
& Anderson 1995; Ellegaard 2000). While the effects of changing 
environmental conditions on Palaeozoic acritarchs have not been 
systematically documented, assumptions as to a possible relation-
ship between the morphological variability and palaeoecology are 
obvious in certain cases, such as the Cambro-Ordovician galeate 
acritarch plexus (Servais et al. 2004). Critical taxonomic revisions 
taking into account palaeobiological and palaeoecological factors 
are needed to identify morphological trends in certain acritarchs 
in response to those factors.

In this new study the Cambrian–Ordovician genus Vulcanisphaera 
Deunff, 1961 is revised and the possible influence of ecological 

conditions on the morphology is being discussed. In total 32 spe-
cies had been attributed to the genus. The new study includes an 
extensive review of the literature and statistical analyses based 
on morphometric investigation of large populations of Vulcanis-
phaera in material from Algeria and England. It shows clearly that 
only three species, V. africana, V. capillata, and V. simplex, can be 
maintained within the genus. We assume that the observed large 
intraspecific variability might reflect palaeoecological changes, 
and therefore is pointing towards ecophenotypism.

 
Ellegaard, M. 2000. Variations in dinoflagellate cyst morphology 
under conditions of changing salinity during the last 2000 years 
in the Limfjord, Denmark. Review of Palaeobotany and Palynology, 
109, 65-81.

Kokinos, J. P. & Anderson, D., M. 1995. Morphological develop-
ment of resting cysts in cultures of the marine dinoflagellate Lingu-
lodinium polyedrum (= L. machaerophorum). Palynology, 19, 143-166.

Servais, T., Stricanne, L., Montenari, M. & Pross, J. 2004. Popula-
tion dynamics of galeate acritarchs at the Cambrian-Ordovician 
transition in the Algerian Sahara. Palaeontology, 47 (2), 395-414.
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PERI-GONDWANAN ORDOVICIAN ACRITARCHS FROM THE LLANOS ORIENTALES BASIN 
(COLOMBIA, NW SOUTH AMERICA)

Thomas Servais1, David Kröck1, Andres Pardo-Trujillo2, Angelo Plata2, Millerlandy Romero3 
1UMR 8198 CNRS - Université de Lille, Villeneuve d’Ascq, France. 2Universidad de Caldas, Departamento de Ciencias 

Geológicas, Manizales, Colombia. 3School of Natural Science, Rice University, Houston, USA 

Palaeozoic beds from Colombia have been mainly recorded in out-
crops from the Magdalena Valley, the Central Cordillera, the East-
ern Cordillera and the Amazonian area. However, the Colombian 
Llanos Orientales Basin also displays an extensive Palaeozoic sed-
imentary sequence in its subsurface, especially of Ordovician, De-
vonian and Carboniferous age (e.g. Dueñas 2001). This sequence 
has been restudied in recent years from several oil exploration 
wells. It is overlain by a Cretaceous-Cenozoic siliciclastic sequence, 
from which an intense hydrocarbon exploration and production 
activity has been developed.

There are few publications on the precise age and palaeogeogra-
phy of these Palaeozoic rocks. In the present study the Pluspetrol 
Paisa-1 well, located in the central part of the basin, is investigated 
palynologically, in order to determine the age, the palaeoenviron-
ment and the palaeogeography of the sedimentary basin. The low-
ermost stratigraphic interval of the well (4939-5040’; ~1505-1536 
m) is composed of alternating sandstone and black shale beds, 
from which a well-preserved assemblage of Ordovician acritarchs 
has been recovered.

The acritarch assemblage contains some diagnostic taxa, includ-
ing, among others, the genera Arbusculidium, Barakella, Coryphid-
ium, Dactylofusa, Striatotheca, and Veryhachium, indicating an Ear-
ly Ordovician age. The presence of a few biostratigraphical index 
species, such as Dactyolofusa velifera or Coryphidium bohemicum, 

points to a (early to middle) Floian (Early Ordovician) age, follow-
ing the biostratigraphical scheme of Servais et al. (2018).

As the three diagnostic genera (Arbusculidium, Coryphidium, Stri-
atotheca) are present, the assemblage clearly belongs, in terms of 
palaeobiogeography, to the peri-Gondwanan acritarch province. 
Our study thus extends the geographical distribution of this prov-
ince to the north-western part of South America, completing the 
palaeobiogeographical distribution map of Early-Middle Ordovi-
cian acritarchs by Molyneux et al. (2013).

References :

Dueñas H., 2001. Paleozoic Palynological assemblages from the 
Llanos Orientales Basin Colombia. AASP Palynological meeting 
2001, San Antonio-Texas.

Molyneux, S.G., Delabroye, A., Wicander, R. & Servais, T. 2013. 
Biogeography of early to mid Palaeozoic (Cambrian–Devonian) 
marine phytoplankton. Geological Society of London, London, 
Memoir 38, pp. 365–397.

Servais, T., Molyneux, S.G., Li, J., Nowak, H., Rubinstein, C.V., Ve-
coli, M., Wang W.H. & Yan, K. 2018 (in press): First Appearance 
Datums (FADs) of selected acritarch taxa and correlation between 
Lower and Middle Ordovician stages. Lethaia (in press).
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NEW DATA ON UPPER ORDOVICIAN ACRITARCH ASSEMBLAGES FROM THE KALPIN 
AREA, NORTHWEST TARIM BASIN, CHINA

Jun Li1, Kui Yan2, Thomas Servais3 
1Nanjing Institute of Geology and Palaeontology, Nanjing, China. 2State Key Laboratory of Palaeobiology and Stratigraphy,, 
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Ordovician outcrops  are well exposed in the Kalpin area, north-
west Tarim Basin, China, with carbonates, shales, and carbona-
ceous shales. The Dawangou section, located in Kalpin county, 
was accepted as the auxiliary section for the Global Boundary 
Stratotype Section and Point (GSSP) of the base of the Upper Or-
dovician in the Sargan Formation. Acritarchs of the Dawangou 
area have been studied in the context of a palynological investiga-
tion carried out from some additional sections, aiming for a better 
understanding of the biostratigraphical significance of acritarchs 
from this area. Our sections, the West Dawangou, Sishichang 
and Tierekeawati sections, are nearby the Dawangou section in 
the Kalpin area. The typical Ordovician sequence in this area in 
ascending order is composed by the Dawangou, Sargan, Kanling, 
Qilang, Yingan, and Tierekeawati formations. Our new material 
comes from the Sargan, Kanling, and Qilang formations. The Sar-
gan Formation represents strata of the uppermost Darriwilian to 
lowermost Sandbian, the Kanling Formation strata of the lower to 
middle Sandbian, and the Qilang Formation strata of the upper 

Sandbian to lower Katian.

The acritarch assemblage from the Sargan Formation is dominated 
by Leiosphaeridia with 16 species assigned to 10 genera, the Kan-
ling Formation is dominated by Leiosphaeridia, Navifusa, and acan-
thomorphic forms with 10 genera and 15 species, and the Qilang 
Formation is dominated by acanthomorphic forms with 28 spe-
cies attributed to 15 genera.

The acritarch assemblages from the West Dawangou, Sishichang 
and Tierekeawati sections show a slightly different composition, 
maybe coming from slightly different facies.

The diversity and compositional changes of the acritarch assem-
blages, combined with the sedimentological evidence, suggests a 
transgressive sequence from the Sargan Formation to the Qilang 
Formation.
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ULTRASTRUCTURAL STUDY CONFIRMS THAT, YES, MOYERIA IS A EUGLENOID.

Wilson Taylor1, Andreas Koutsodendris2, Brian Leander3, Bas van de Schootbrugge4, Paul Strother5, Charles 
Wellman6 

1University of Wisconsin - Eau Claire, Eau Claire, WI, USA. 2Heidelberg University, Heidelberg, Germany. 3University of British 
Columbia, Vancouver, BC, Canada. 4Utrecht University, Utrecht, Netherlands. 5Weston Observatory of Boston College, 

Weston, MA, USA. 6University of Sheffield, Sheffield, United Kingdom 

The fossil excavates are currently limited to one problematic lower 
Paleozoic acritarch genus, Moyeria Thusu 1973. In the 1980s, this 
organic-walled microfossil was hypothesized to be a euglenoid, 
based primarily on its unique wall morphology, which is charac-
terized by helically-arranged parallel surficial ridges. Using trans-
mission electron microscopy (TEM), we have now characterized 
the wall ultrastructure of Moyeria based on a specimen extracted 
from the Silurian of Scotland. Originally considered as surface or-
nament, the helical ridges are now seen to be a series of flattened, 
interlocking, S-shaped strips, corresponding to well-characterized 

ultrastructure of some extant euglenid pellicles. Intriguingly, the 
pellicle strips in Moyeria also show a poleward reduction in num-
ber, which is characteristic of photosynthetic euglenids today. The 
unresolved root of the eukaryotic tree based on molecular phylog-
eny is now thought to lie somewhere between the Opisthokonta 
and Excavata super-group branches. A paleontological perspective 
on the excavate lineage now takes on a more significant role, and 
we are exploring the fossil record of Moyeria and other, possibly 
related palynomorphs, in an effort to recover a Neoproterozoic to 
Recent record of the Excavata super-group.

O065

THE POWER OF MELISSOPALYNOLOGY: REVIEW AND NEW CHALLENGES

Irina Delusina1, Tiiu Koff2 
1University of California, Davis, Davis, USA. 2Tallinn University, Tallinn, Estonia 

Melissopalynology has a long history and has become a focus of 
modern-day palynological research for various important reasons. 
The initial interest of honey producers in the source and transport 
of pollen by bees has now expanded considerably, due to grow-
ing concerns about the consequences of global warming, about 
the impacts of pesticides on bee health and their function, about 
the role of environmental changes and, additionally, about the 
growth in interest in beekeeping in urban areas.

A careful review of the literature allows us to identify the most 
drivers of modern melissopalynological studies, which provide a 
clear understanding of the scope of the field and its main goal. The 
applications of the method includes, but is not limited to: 1. Geo-
graphical and botanical origins of honey, based on pollen analy-
ses; 2. Methods of pollen tracking in the study of honey, including 
isotopes and amino acid methods; 3. Reconstruction of the evo-
lution/degradation of plant communities, based on the study of 
pollen from honey; 4. Climatic effects on pollen productivity and 
its relationship to honey quality; 5. Specification of bee-pollinated 
plants for specific geographical regions (including urban areas); 6. 
Developing advanced methods for the identification of pollen in 

honey. 7. Documentation of agricultural land use changes based 
on pollen composition of honey.

The most valuable parameter for linking source vegetation with 
the pollen content of bee honey is the “honey pollen coefficient 
(HPC)” (Bryant, V. M. and Jones, G. D. 2001).  New research shows 
a strong response of pollination and bee populations to climate 
change, weather, and environmental pollution, so obviously, the 
HPC as a universal palynological criterion has to be developed 
and unified into a larger picture.  A new and promising branch of 
modern melissopalynology is the study of pollen DNA and pollen 
isotopic signals from honey for bee pollination, with subsequent 
application to the interpretation of fossil pollen record.

Ultimately, the study of pollen in modern honey provides us a key 
to understanding the role of pollination by bees in the past and 
an opportunity to predict future consequences of climate change. 
 
Bryant, V. M. and G. D. Jones (2001). “The r-values of honey: Pol-
len coefficients.” Palynology 25(1): 11-28.
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Conceived in 2009 and created in 2013 RCPol’s main objective is 
to promote interaction among researchers and the integration of 
data from their pollen collections, herbaria and bee collections. In 
order to structure RCPol work, researchers and collaborators have 
organized information on Palynology and trophic interactions 
between bees and plants, which would be included in the infor-
mation system. During project development, different comput-
ing tools were developed and provided on RCPol website (www.
rcpol.org.br), comprising interactive keys with multiple inputs for 
species identification. Those tools were developed in partnership 
with researchers and collaborators from Escola Politécnica (USP) 
and other Brazilian and foreign institutions that act on Palynol-
ogy, floral biology, pollination, plant taxonomy, ecology, and 
trophic interactions. The interactive keys with multiple inputs for 
species identification may help plant taxonomists, which use flo-
ral morphology as one aspect of species identification. Similarly, 
morphological description of pollen grains may enable plant spe-
cies identification, since pollen has been used as a natural mark-
er for species grouping in different studies. The RCPol have been 
important to studies about melissopalynology, which consists in 

the identification of pollen on bee products allowing its floral and 
geographical description, with application on quality control of 
bee products (honey, for instance), identification of plants visit-
ed by bees, and studies of trophic ecology of bees. Currently there 
are four interactive keys for species identification available at the 
RCPol website: Palynoecology, Palynotaxonomy, Paleopalynology 
and Spores. Considering the first three interactive keys there are 
1,751 specimens included at RCPol. The plant species cover all Bra-
zilian regions and also other countries, including crop species and 
species used in landscaping. The diets of 22 species of bees were 
already studied and the interactions established with the plant 
species were identified through information available in RCPol. 
We already have the interaction networks between bees and plants 
available in RCPol and have been used to identify the food sources 
used by honey bees, stingless bees and solitary bees.The next in-
teractive key is relative to melissopalynology and will be presents 
information about honey and pollen nutritional value, among 
other aspects. During the project’s first three years 106 partners, 
among researchers and collaborators from 28 institutions from 
Brazil and abroad actively participated on the projects structure.

O067

POLLEN DEVELOPMENT ACROSS THE POLLEN LIFECYCLE IN RUPPIA MARITIMA 
(ALISMATIDAE): INSIGHT INTO THE CONSEQUENCES OF THE ECOLOGICAL 

TRANSITION TO HYDROPHILY.
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Transitions to water-pollination (hydrophily) have been repeat-
edly accompanied by modifications in pollen development. How-
ever, comprehensive investigations of pollen development in 
hydrophilous plants, particularly that which occurs after pollina-
tion, are limited. Investigating the consequences of the transition 
to hydrophily for the pattern of pollen development in a compara-
tive context will yield information about the lability of the pollen 
developmental pathway, as well as the functional pollen traits re-
quired for successful water-pollination. The objective of this study 
was to characterize pollen structure and development across the 
entire pollen lifecycle, from microsporogenesis to fertilization, in 
the hydrophilous angiosperm Ruppia maritima. Field collections 
and experimental pollinations were conducted, followed by anal-
ysis with combined light, scanning electron, and transmission 
electron microscopy. Anthers and developing pollen grains at the 
sporogenous, microspore mother cell, tetrad, ‘free’ microspore, 
and mature grain stage were documented, as well as all stages of 

pollen germination and pollen tube development in the carpel.

Divergence in exine development between the proximal and distal 
walls occurs during the free-microspore stage, resulting in hetero-
polar pollen grains with a reduced exine on much of the distal sur-
face. There are no major ultrastructure differences in the endexine 
or intine between the proximal and distal surfaces. On the prox-
imal surface, muri that comprise the reticulum consist of a solid 
band of sporopollenin, with no infratectal columellae. We show, 
unequivocally, that a distinct foot layer surrounds the entire mi-
crospore. Tapetal cells invade the anther locule before meiosis and 
this timing supports the close relationship of Ruppiaceae and Cy-
modoceaea. On stigmas, pollen germination first occurred with-
in 5 minutes after pollination and the majority of pollen grains 
germinated within 15 minutes. Pollen tubes first entered the ovule 
45 minutes after pollination and by 60 minutes after pollination 
most ovules had been entered. 



Page 72

Modifications to the pollen developmental program in Ruppia give 
rise to traits that are hypothesized to be adaptive for water polli-
nation. Pollen development in Ruppia will be compared to what is 

known from other hydrophilous species, as well as closely-related 
wind and animal-pollinated species and the role of pollen ontoge-
ny in ecological transitions will be discussed.

O068

LOSS AND RE-GAIN OF POLLEN APERTURES: STEPS TOWARDS OMNIAPERTUATE 
CONDITION IN AQUATIC BASAL MONOCOTS (ALISMATALES)
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Transition from monosulcate to tricolpate condition was the most 
important and enigmatic event of evolution of angiosperm pollen 
in Lower Cretaceous.   One possible scenario for this transition is 
a loss of sulcus followed by gain of colpi, i.e., through the inaper-
turate condition. Thus it is of great importance to assess the degree 
of reversibility of the transition to the inaperturate condition in 
angiosperms using younger evolutionary radiations and to infer 
possible factors driving de novo origins of the apertures. We use the 
basal monocot of the order Alismatales as a model to investigate 
these questions. Tepaloid core Alismatales form a well-supported 
clade. It holds Aponogetonaceae, Scheuchzeriaceae, Juncaginace-
ae and Maundiaceae forming four successive members of the grade 
leading to a monophyletic group that includes Potamogetonace-
ae and other more specialized aquatics. Pollen is monosulcate in 
Aponogetonaceae, but inaperturate in Scheuchzeriaceae, Jun-
caginaceae and Maundiaceae, suggesting a loss of the aperturate 
condition in the lineage sister to Aponogetonaceae. Potamoget-
onaceae includes 6 genera, of which 5 have inaperturate pollen. 
The sixth genus, Althenia s.l., includes two species with omnia-
perturate and several species with diaperturate pollen. Phyloge-
netic position of Althenia strongly suggests de novo origin of the 

aperturate condition. The number and structure of apertures in 
Althenia differ from those in Aponogeton further supporting this 
conclusion. Species of Althenia with diaperturate pollen fall in 
two groups based on structure of sporoderm revealed by scanning 
and transmission electron microscopy. The first group comprises 
at least five species, the second group includes A. patentifolia. Fine 
structure of sporoderm in the apertural region in the first group is 
similar to the sporoderm along the entire surface of pollen grain in 
the omniaperturate species A. australis, while the apertural region 
of A. patentifolia fits the entire sporoderm of the omniaperturate 
species A. bilocularis. These data suggest that the omniaperturate 
condition appeared twice in course of evolution of Althenia, each 
time by expansion of the apertural area onto entire surface of the 
pollen grain. We speculate that the transition from inaperturate to 
diaperturate pollen in Potamogetonaceae should be viewed as an 
evolutionary step towards a complete loss of interapertural type of 
sporoderm. We use molecular phylogenetic data for testing these 
hypotheses. The work is supported by Russian Science Foundation 
(14-14-00250, pollen morphology in 6 species) and RFBR (18-04-
00797, evolution).
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THE IMPORTANCE OF TREE POLLEN IN SUPPORTING CROP POLLINATORS: POLLEN 
PREFERENCES AMONG THE BEE SPECIES VISITING APPLE (MALUS PUMILA) IN NEW 

YORK

Laura Russo1, Bryan Danforth2 
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Maintaining a diverse and abundant wild bee community is es-
sential for sustainable agricultural pollination, especially in crops 
in which wild bees are effective pollinators. Many land managers 
have an economic interest in encouraging healthy wild bee pop-
ulations, and often to achieve this will plant supplemental floral 
resources in wildflower strips. In New York apple orchards, wild 
bees of the mining bee family (Andrenidae) play a critical role as 
pollinators, but are active early in the spring before most forbs 
begin to flower. Thus, to better understand which flowering plant 
species might serve as alternative pollen hosts for the most abun-

dant and effective wild bee species in New York apple orchards, we 
analyzed the pollen loads carried by 15 wild bee species and one 
managed bee species (Apis mellifera) collected during apple bloom. 
We identified the pollen grains carried by these bees and found 
that the majority of alternative pollen hosts for apple visitors are 
early blooming tree species, including six other tree genera. This 
may partly explain why the presence of forest fragments is an im-
portant predictor of bee abundance and species richness in New 
York apple orchards.



Page 73

O070

EOEMBRYOPHYTIC EVOLUTION OF PLANT LIFE: NEW MEGAFOSSIL DATA AND 
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The fossil record indicates that vascular plant diversity followed 
five different but complementary dynamics through the Phanero-
zoic Eon, the so-called Evolutionary Floras. Those floras reflect 
major transitions of plant evolution, from the earliest undoubted 
occurrences of vascular plants in the macrofossil record (trache-
ophytes; mid-Silurian times, ~430 Ma) through to the current 
dominance of angiosperms. However, the early establishment of 
land plants (embryophytes), probably the most critical Earth ge-
obiosphere transition because it triggered the foundations of the 
current land ecosystems, is much older (mid-Ordovician, ~470 
Ma, or earlier). Many questions remain about the initial steps of 
the greening of the Earth’s surface, especially because evidence 
of these pre-vascular plants is mostly restricted to spores, with 
very little information on their parent plants. Current spore 
data suggest that the earliest land plants were small non-vascular 
bryophyte-like organisms. Spore evidence also suggests that the 
first radiation of tracheophytes probably occurred during Katian 
times (mid-Late Ordovician, ~450 Ma). In this communication, 
we discuss embryophyte macrofossil evidence recently discov-
ered from the Hirnantian Stage (uppermost Ordovician, ~445 Ma) 
of Poland and its implications. The assemblage includes plant 

remains consisting of dichotomously branched slender stems 
with terminal sporangia. Morphologically, the plants are closely 
comparable to the younger plant macrofossils, including Cookso-
nia-type specimens. This suggests a very low evolutionary rate for 
basal land plants and a faster dispersal of the earliest Gondwanan 
floras than expected. Moreover, we found a putative stoma similar 
to that of Akdalophyton caradocki, a Sandbian (early Late Ordovi-
cian, ~455 Ma) possible early bryophyte from Kazakhstan. Most 
importantly, the observed diversity of the reproductive structures 
found at the Polish locality parallels that seen in the microfossil 
record, which further supports that existence of diverse Late Or-
dovician floras. It also suggests that these early floras might have 
played a major role as a climate driver of the incipient terrestri-
al biotas. These early, pre-vascular plant floras have previously 
been referred to as the Eoembryophytic phase of plant evolution 
and should perhaps be regarded as a sixth Evolutionary Flora. 
 
Acknowledgements: Authors thank the support provided by the 
Région Hauts-de-France, the Ministère de l’Enseignement Supérieur et 
de la Recherche (CPER Climibio), and the European Fund for Re-
gional Economic Development.

O071

ASSESSING THE ROLE OF [O2] AND [CO2] IN DRIVING PHYSIOLOGICAL 
CONVERGENCE/DIVERGENCE AMONG HIGHER PLANTS: IMPLICATIONS FOR PALAEO-

PHYSIOLOGY AND MACROEVOLUTIONARY PATTERNS.
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The photosynthetic rate (Pn), water use efficiency (WUE) and 
photosynthetic nitrogen use efficiency (PNUE) are crucial factors 
in the ecological success of plants and are largely governed by 
the relative abundances of [O2] and [CO2]. Interestingly, a syn-
thetic consideration of the fossil record and models of [O2] and 
[CO2] over the last 500 million years suggests that the timing of 
major evolutionary ‘tipping points’ (i.e. when former dominant 
plant groups are ecologically replaced by others that have newly 
evolved) between the 3 major reproductive grades of higher plants 
(i.e. monilophytes, gymnosperms and angiosperms) coincided 
with significant changes in Earth’s atmospheric composition. To 
assess the impact of atmospheric composition on the photosyn-
thetic physiology of the 3 major groups of higher plants, we car-
ried out 5 highly novel ‘miniworld’ experiments. Early diverging 

angiosperm, gymnosperm and monilophyte species were grown 
under different O2 and CO2 concentrations and their responses 
were assessed using physiological and anatomical methods. Our 
results showed that the magnitude and, in some cases, the trend 
of the observed physiological responses differed between the 3 
plant groups. Empirical relationships describing the response of 
all major photosynthetic parameters to changing atmospheric 
composition were constructed for each group and their Pn, WUE 
and PNUE were modelled throughout the Phanerozoic. Deep time 
modelling of palaeo-physiology demonstrates that past changes in 
the O2:CO2 ratio resulted in shifts in the relative competitiveness 
of angiosperms, gymnosperms and ferns providing insights into 
the role of atmospheric change in shaping macroevolutionary 
patterns.
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1University College Dublin, Dublin, Ireland. 2Dept Agriculture, Food and the Marine, Dublin, Ireland. 3Trinity College Dublin, 

Dublin, Ireland 

Atmospheric oxygen (O2) and carbon dioxide (CO2) concentra-
tions, and O2:CO2 ratio, have varied widely throughout Earth 
history. Both atmospheric O2 concentration and O2:CO2 ratio 
increased beyond critical threshold levels in the Late Devonian, 
thus allowing the evolution of seeds, and again in the mid-Cre-
taceous, allowing the evolution of flowers, resulting in ecological 
turnover in world vegetation from spore-bearing pteridophytes to 
seed-bearing gymnosperms and to flower-producing angiosperms. 
Atmospheric oxygen is essential for aerobic respiration, which fu-
els reproduction in plants. The purpose of this study was to inves-
tigate the role of atmospheric change as a driver of evolutionary 
and ecological change over the past several million years, specif-
ically by assessing the impact of varying O2:CO2 ratios on plant 
reproductive output. Representatives from two plant groups: pte-
ridophyte (fern) and angiosperm (flower and seed-bearing plants) 
were grown for six months in Conviron BDW40 plant growth 
chambers at UCD Programme for Experimental Atmospheres and 
Climate (PÉAC) facility under a range of O2:CO2 treatments: 525:1 

Ambient control (20.9% O2, 380ppm CO2); 400:1 Low O2 (16% O2, 
380ppm CO2); 110:1 High CO2 (20.9% O2, 1900ppm CO2) and 84:1 
Low O2/High CO2 (16% O2, 1900ppm CO2). Gymnosperms were 
excluded due to the time required to reach sexual maturity. Repro-
ductive output was measured weekly in Cheilanthes lanosa (fern), 
Saruma henryi (dicot with early angiosperm lineage), Brachypodium 
distachyon (graminaceous monocot) and Triticum aestivum ‘Spar-
row’ (monocot cultivar). Results for all four species confirm that 
reproduction was higher in the elevated CO2 treatment than in 
the ambient control, was highest in the low O2 treatment (great-
est reproductive output), and was lower than ambient control in 
the low O2/high CO2 treatment, regardless of plant phylogeny. 
Past studies have observed an inverse relationship between O2:CO2 
ratio and pteridophyte, gymnosperm and angiosperm speciation 
rate. In contrast, our results show a positive relationship between 
O2:CO2 ratio and reproductive output. The implications of these 
results in terms of plant evolution and ecological turnover will be 
discussed.

O073

BRIDGING THE GAP BETWEEN FOSSIL EVIDENCE AND THEORIES IN ANGIOSPERM 
SYSTEMATICS

Xin Wang 

CAS Key Laboratory of Economic Stratigraphy and Paleogeography, Nanjing Institute of Geology and Palaeontology and 
Center for Excellence in Life and Paleoenvironment, Chinese Academy of Sciences, Nanjing 210008, China 

Angiosperms are the most important plant group for the human 
beings, but little is known about the origin of angiosperms. This 
situation makes the evolution and systematics of angiosperms 
tentative. To expel the mystery over the origin of angiosperms, 
Fu et al. (2018) report a new angiosperm from the Early Jurassic 
of eastern China, Nanjinganthus, based on the information of 284 
specimens. Nanjinganthus has 4-5 sepals and 4-5 petals arranged 
along the rim of the cup-formed receptacle. The gynoecium in-
cludes a unilocular ovary with an ovarian roof completely enclos-
ing the ovules from the above. The style located on the center of 
the ovarian roof in Nanjinganthus is unique and characterized by 
its dendroid form. Enclosed ovules/seeds and actinomorphic mor-
phology as well as non-comparability to any known gymnosperms 
suggest that Nanjinganthus is currently the earliest flowers related 

to angiosperms. The occurrence of inferior ovary with epigynous 
perianth in Nanjinganthus is seen in neither Magnolia nor Ambo-
rella, and thus unexpected by any known theories of angiosperm 
evolution, suggesting that there is a huge gap between these 
theories and actual history of angiosperms. Such a discrepancy 
between fossil evidence and theories requires us to re-think and 
double check what is wrong, either the fossils are faked or misin-
terpreted, and thus needing further work, or the theories and their 
approving are problematic, demanding further modifications. To 
reach this goal is not an easy task, requiring meticulous examin-
ing all evidence from various fields of botany, including but not 
restricted to palaeobotany, anatomy, morphology, development, 
and genetics. I share some published data with you and hope you 
can find your own answer and solution.
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PALEOCLIMATE VARIATIONS AND PALAE-CO2 CHANGE DURING THE TOARCIAN 
(EARLY JURASSIC) BASED ON SOUTH CHINA FLORAS

Ning Zhou1, Yongdong Wang1, Amanda Poter2, Jennifer McElwain3 
1State Key Laboratory of Palaeobiology and Stratigraphy, Nanjing Institute of Geology and Palaeontology, Chinese Academy 

of Sciences, Nanjing, China. 2School of Biology and Environmental Science, University College Dublin, Dublin, Ireland. 
3Department of Botany, Trinity College Dublin, Dublin, Ireland 

The inverse relationship between pCO2 and the stomatal index of 
vascular plant have been used widely to estimate ancient levels 
of CO2. However, some  paleo-CO2  data show  little congruence 
because they are estimated by different correlative methods, or 
different fossil plant species and stomatal criteria.  Here we first 
apply three methods (two empirical proxy methods and one a 
mechanistic method) for single fossil Ginkgo species to track and 
improve the accuracy of pCO2  during Early Jurassic. Based on 
this, we also acquired the first curve for paleo-CO2 concentration 
change during the early Jurassic from South China. By  using  an 
inter-comparison of three methods,  a high degree of consisten-
cy in pCO2  estimates trend has  been observed in two empirical 

proxy methods;  whereas, the mechanistic method shows incon-
sistence with other two methods and yields a higher pCO2 value. 
To test the accuracy of pCO2 estimates, we also run all three meth-
ods by two Ginkgoalean  fossil species. All three methods show 
species-dependent uncertainty in pCO2 estimates when applied to 
different Ginkgalean fossil species in same bed. The genome size of 
fossil and living Ginkgo taxa was analysed based on the significant 
positive relationship between genome size and guard cell size. The 
result shows that polyploidy of Sphenobaiera huangii may result in 
overestimated pCO2 in the two empirical method and the muti-re-
gression method.

O075

HISTORICAL BIOGEOGRAPHY OF THE ICACINACEAE MIERS DURING THE PETM

Cédric Del Rio1,2, Gregory Stull3, Dario De Franceschi4 
1Centre de Recherche sur la Paléobiodiversité et les Paléoenvironnements, CR2P- UMR 7207, CNRS, MNHN, UPMC, 

Muséum National d’Histoire Naturelle, Sorbonne-Universités, Paris, France. 2Institut de Systématique, Évolution, Biodiversité, 
ISYEB- UMR 7205, CNRS, MNHN, UPMC, EPHE, Muséum National d’Histoire Naturelle, Sorbonne-Universités, Paris, France. 

3Department of Ecology and Evolutionary Biology, University of Michigan, Ann Arbor, USA. 4CR2P, Muséum National 
d’Histoire Naturelle, Paris, France 

The Icacinaceae Miers are a basal lamiid family of trees, shrubs, 
and lianas with a pantropical distribution. The group has been the 
subject of intensive phylogenetic studies over the past 20 years, 
leading to a highly reduced circumscription of the family includ-
ing around 23 genera and 160 species. This family is well known 
in the Paleocene and Eocene fossil record, particularly from the 
Northern Hemisphere, although fossil evidence from the South-
ern Hemisphere has recently been increasing. In the Paris Basin, 
Icacinaceae are represented by numerous fossil endocarps from 
five main localities. Among these, Rivecourt (Thanetian) and Le 
Quesnoy (Ypresian) are geographically and temporally very close. 
The Paleocene-Eocene thermal maximum (PETM) event occurs 
(temporally) between these two fossil outcrops. Thus, the study of 
the Icacinaceae fossil in those localities provides a good opportu-
nity to elucidate the impact of the PETM on this family in the Paris 
Basin. Furthermore, available data from recent molecular phyloge-
netic studies allows us to reconstruct a dated, global biogeographic 
history for the Icacinaceae family, which may compliment the in-
formation given by fossils.

Based on 266 fossil specimens attributed to Icacinaceae, from the 

five Paris Basin localities, we conducted detailed anatomical (using 
SEM) and morphological studies. In addition, using the same pro-
cess, we analyzed fruits representing as 64 ingroup species and 6 
outgroup species. Next, we conducted phylogenetic analyses (mo-
lecular and combined molecular-morphological) to reconstruct 
phylogenetic relationships among extant and extinct species of 
Icacinaceae. Finally, we used this combined phylogeny as the basis 
for divergence dating and biogeographic analyses.

The study of fossils from the Paris Basin led to the recognition of 
nine new species from two extant genera. No clear extinction is 
shown through the PETM, but a floral change across the PETM 
is demonstrated, possibly due to immigration of new plant taxa 
(in concert with faunal immigrants). The phylogenic framework 
allows us to date major diversification events for Icacinaceae and 
to reconstruct biogeographic processes during the Paleocene-Eo-
cene transition. We discuss the implication of global patterns for 
understanding the changes occurring in the Paris Basin during the 
PETM and most generally for the Northern Hemisphere during the 
Cenozoic.
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FOSSIL FRUIT (LAGOKAOPOS) FROM TIBET REVEALS THE FLORISTIC LINKAGE OF THE 
NORTHERN HEMISPHERE DURING PALEOGENE

He Tang1,2, Zhe-Kun Zhou1,3, Tao Su1, Jia Liu1 
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In the Northern Hemisphere, many related taxa are today dis-
junctly distributed in eastern Asia, Europe, and North America. 
The fossil record can be used to explain these discontinuities. Usu-
ally, the Northern Hemisphere early Paleogene has been divided 
into two biogeographic regions based on pollen records, of which 
one is western North America plus most of Asia, and the other 
eastern North America plus Europe. Here we report fossil fruits of 
Lagokarpos from the Niubao Formation, Bangoin County in north 
Tibet and show that the fossil distribution of Lagokarpos does not 
conform to the above mentioned general biogeographic pattern.

Lagokarpos, an extinct fossil-genus based on fruits without a fami-
ly affiliation, consists of an elliptical fruit body with two elongated 
entire-margined and V shaped, apical wings. The pinnate vena-
tion pattern of the wings includes a strong midvein with numer-
ous lateral secondary veins and tertiary veins. Previously, it was 
only known from western North America and the Messel Pit in 
Germany (latest Paleocene to early middle Eocene). The genus has 

never been observed from other well-collected fossil sites in east-
ern North America, South America, or Asia before.

The age of the Niubao Formation has been controversial, ranging 
from late Cretaceous to Oligocene. The presence of Lagokarpos 
may suggest that the age of the Niubao Formation is closer to latest 
Paleocene to early middle Eocene.

More importantly, the occurrence of Lagokarpos in north Tibet re-
veals the floristic connection between QTP, western North Ameri-
ca and Europe during the latest Paleocene to early middle Eocene. 
Based on the fossil evidence currently available Lagokarpos may 
have dispersed across Beringia, the North Atlantic or island chains 
in the Tethys. This hypothesis is also in agreement with the find-
ing of fossil Ailanthus (Simaroubaceae), Koelreuteria (Sapindace-
ae), the extinct genus Cedrelospermum (Ulmaceae) and Limnbio-
phyllum (Araceae) from Paleogene strata in north Tibet nearby our 
fossil locality.

O077

BIOGEOGRAPHIC PATTERNS IN THE HISTORY OF TROCHODENDRACEAE

Steven Manchester1, Kathleen Pigg2, Richard Dillhoff3, Fridgeir Grimsson4, Zlatko Kvacek5 
1University of Florida, Gainesville, USA. 2Arizona State University, Tempe, USA. 3Evolving Earth Foundation, Issaquah, USA. 

4Universityof Vienna, Vienna, Austria. 5Charles University, Prague, Czech Republic 

The Trochodendraceae, which are today confined to the two 
monotypic east Asian genera, Trochodendron and Tetracentron, were 
more widespread geographically in the fossil record, with occur-
rences in western North America in the late Cretaceous to Neo-
gene of the Northern Hemisphere.  New data from micro-CT scan-
ning of infructescences along with high resolution light and SEM 
investigations of pollen and leaf cuticles have lead to improved 
understanding of the morphology and systematic affinities of 
fossil representatives. The extinct genus Nordenskioeldia, based on 
fruits, and associated foliage (Zizyphoides), is known from the San-
tonian of Far East Russia and the Campanian of western Canada 
and was widespread in the Paleogene with records in Greenland, 
Spitsbergen as well as North America and eastern Asia. A refugial 
population of Nordenskioeldia survived in the middle Miocene of 
western North America (Idaho, Washington, British Columbia). 

Another extinct genus, Concavistylon, is known from infructe-
scences and leaves (in one instance attached on the same twig, 
proving their identity as part of the same plant), was common in 
the early Middle Eocene of western North America and survived 
to the middle Miocene in Oregon.  Widely dispersed fossil records 
of the two modern genera indicate that their modern distribution 
is only refugial. Trochodendron is confirmed by infructescences 
from the Eocene of Oregon to British Columbia, as well as from 
the Miocene of Kamchatka and Japan.  Tetracentron is known by 
infructescences and foliage from the Eocene to Miocene of west-
ern North America, and by fruits and pollen from the Miocene of 
Iceland and leaves from the Miocene Japan. Leaf remains suggest 
that both the evergreen habit (Trochodendron, Concavistylon) and 
deciduous habit (Tetracentron, Zizyphoides) have long records in the 
history of this family.
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BIOGEOGRAPHIC HISTORY OF FAGACEAE (OAK FAMILY)

Thomas Denk 

Swedish Museum of Natural History, Stockholm, Sweden 

The Fagaceae are the most diverse and economically important 
family of woody angiosperms in the Northern Hemisphere. They 
have an excellent fossil record and this record has been used in 
several time-calibrated molecular phylogenetic studies (“dating 
studies”). Here I use the revised, rich fossil record of Fagaceae (>> 
150 records) and a phylogenetic framework for Fagaceae based on 
recently published phylogenies of the family, particular genera, 
and infrageneric groups. I map stem group and crown group fos-
sils on the phylogenetic tree in order to investigate the temporal 
and spatial evolution of 18 extant lineages in the Fagaceae (Fagus 
subgenera Fagus and Engleriana, Colombobalanus, Trigonobalanus, 
Formanodendron, Castanea, Castanopsis, Chrysolepis, Lithocarpus, 
Notholithocarpus, Quercus sections Cyclobalanopsis, Ilex, Cerris, Lo-
batae, Protobalanus, Ponticae,Virentes, and Quercus). In addition a 
number of extinct lineages are traced. I show that several extinct 
lineages extend back to the Cretaceous and some extinct lineag-

es persist until the Miocene. Most extant lineages originate in the 
Paleogene and achieve intercontinental disjunctions early in their 
fossil history. I discuss cases in which divergence times seen in the 
fossil record are in harmony with dates inferred from molecular 
studies and cases where the inferred dates are in strong disagree-
ment. One explanation for discrepancies between dates from tra-
ditional molecular dating studies and the fossil record might be 
that several dating studies have not used fossils to calibrate inter-
nal nodes of genera leading to far too young crown ages of extant 
genera. Additionally, molecular dating studies still struggle with 
strongly different rates of molecular evolution in related groups. 
Finally, I will express my hope that neobotanists and palaeobot-
anists will cooperate more closely in the future to avoid unneces-
sary shortcomings in dating studies and to gain deeper insights 
into the mode and speed of molecular evolution in plants.

O079

ANALYSES OF THE GLOBAL MACROFOSSIL RECORD OF PALMS: ENVIRONMENTAL AND 
PALEOCLIMATIC INSIGHTS

David Sunderlin 

Lafayette College, Easton, USA 

Palms (Arecaceae/Palmae) are an important component of many 
modern and ancient forested terrestrial ecosystems.   While they 
are dominantly equatorial in biogeographical distribution today, 
their macrofossil record extends back to Cretaceous time and, 
during some periods of Earth’s climatic history, into polar paleo-
latitudes.  Much recent work on the evolution, systematics, histor-
ical ecology, and biogeography of modern palms has shed light 
on the group’s evolutionary origins, ecological interactions, and 
environmental history.  What deserves more study, however, is the 
global fossil record of this group in space and time and how that 
record relates to paleoclimate data.

More than 300 palm macrofossil (leaf, fruit, axis, inflorescence 
taxa) occurrences from over 220 localities reported in the pub-
lished literature were collected in a database.  The reported genus, 
species, and/or form taxon occurrences tallied from the literature 
comprise 67 organ genera overall and no attempt has yet been 
made to update the taxonomic assignments of the floral elements.  
Locality information for each occurrence includes the stratigraph-
ic formation, age reported in the literature, age constraint, litholo-
gy of fossil preservation, the locality’s modern geographic coordi-
nates, and its rotated paleogeographic coordinates to the reported 

literature age.

Analyses of the data show the greatest paleolatitudinal extent of 
the palm macrofossil record to be during Early Paleogene time, 
with occurrences spanning more than 100 latitudinal degrees.   
The paleolatitudinal span of the record then constricts toward 
more temperate and subtropical distribution through Late Pa-
leogene and Neogene time.  The data also show a bimodal paleo-
latitudinal distribution in northern subtropical-temperate and 
southern subtropical bands when totaled across Cretaceous to 
Pleistocene occurrences.   This occurrence pattern contrasts with 
the concentrated distribution of modern palm diversity centered 
near the equator.  Analysis of co-occurring fossil plant groups and 
sedimentological indicators of environments of deposition can as-
sist us in understanding environmental tolerances and preferenc-
es of ancient palms as well.

Understanding the paleobiogeographical record of these iconical-
ly tropical plants (in the modern world) can help elucidate Earth’s 
paleoclimate, paleoecological, and paleoenvironmental history 
and provide context for modern and future global change. 
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CYMASTROBUS, A NEW PALEOZOIC LYCOPSID FROM AUSTRALIA INVESTIGATED 
THROUGH A COMBINATION OF OLD (THIN-SECTIONS), LESS OLD (SEM), AND NEW 

APPROACHES (X-RAY SYNCHROTRON MICROTOMOGRAPHY)

Brigitte Meyer-Berthaud1, Mathilde Evreïnoff2, Anne-Laure Decombeix1, Renaud Lebrun1, Philippe Steemans3, Paul 
Tafforeau4 

1CNRS, Montpellier, France. 2University of Montpellier, Montpellier, France. 3FNRS, Liège, Belgium. 4ESRF, Grenoble, France 

This paper addresses one of Bill Chaloner’s earliest center of inter-
est, the reproductive structures of the Paleozoic lycopsids and their 
in-situ spores, through the analysis of a new cone genus, Cymastro-
bus. Cymastrobus is represented by a single anatomically preserved 
specimen collected from a marine deposit of Famennian age in 
northern New South Wales. The cone was closely associated with 
a small lycopsid stem comparable in dimensions to its central axis. 
To preserve its entirety, we choose to investigate the cone structure 
by means of propagation phase-contrast X-ray synchrotron micro-
tomography at ESRF, Grenoble. Spores extracted from the sporan-
gia were observed in SEM at the University of Montpellier. A thin 
section of the cone axis was made for comparison with a transverse 
section of the small stem in order to test their conspecificity.

Cymastrobus is a large bisporangiate cone consisting of tightly 
packed sporophyll-sporangium units helically arranged around a 
narrow axis. This axis is characterized by the wavy outline of its 
primary xylem and an invaginate pattern of trace emission. The 
cone is megasporangiate in its proximal third. The sporophylls 
are comprised of a long narrow pedicel widening distally and of 
a delicate distal lamina. Pedicels show an abaxial keel, and a dis-

tal heel forming an hexagonal shield protecting the sporangium. 
Megaspores and microspores are represented by the casts of their 
central bodies. Megaspore casts show several rows of circular pores 
around the trilete mark. Microspore casts show one small pore be-
tween the rays of the trilete mark and are assignable to the genus 
of sporae dispersae Endosporites. Pores like those of the mega- and 
microspore casts are known to correspond to papillae or laminated 
zones of the exospore in extant spores (Grauvogel-Stamm & Lugar-
don, 2004).

The vascular system of the cone axis differs from that of the as-
sociated stem which belongs to a different lycopsid. The structure 
of Cymastrobus is similar to that of the Carboniferous Flemingites 
cones (Brack-Hanes & Thomas, 1983) but its spores are different. 
It is also close to that of two Famennian genera of uncertain af-
finities, Clevelandodendron (Chitaley & Pigg, 1996) and Bisporangio-
strobus (Chitaley & McGregor, 1988), the latter sharing a similar 
type of spores but differing by its size and shape.  The possession of 
spores with pores/papillae/laminated zones appears to be plesiom-
orphic and unhelpful to precise the systematic position of Cymas-
trobus within the basal members of the rhizomorphic lycopsids.
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PALAEOZOIC HORSETAILS – HOW DO WE ASSESS THEIR TAXONOMIC DIVERSITY?

Christopher Cleal 

National Museum Wales, Cardiff, United Kingdom 

Horsetails (Sphenophyta) are today widely regarded as a pest, but 
they are in fact one of the most successful groups of plants, with 
an evolutionary history spanning over 350 Ma and today having 
an almost global distribution. However, they also today have a re-
markably low species diversity, with probably less than 20 species 
recognised world-wide. But determining species diversity from 
the palaeobotanical record is difficult as the fossils have relatively 
few taxonomically useful characters. This issue is being addressed 
through a study on Pennsylvanian (late Carboniferous) age sphe-
nophyte foliage and cones found as adpressions in palaeotropical 

Euramerica. As a case study, results of work on a group of Pennsyl-
vanian sphenophytes with large leaf-whorls traditionally named 
Annularia stellata and cones named Calamostachys tuberculata will 
be discussed.  This suggests that a true understanding of species 
diversity in these fossil plants is best revealed by looking at the 
two parts of the plant in parallel. This does not mean that the fos-
sil-taxonomy of these plant parts should be merged – they are still 
best kept separate – but it does present us with questions as to how 
the taxonomic diversity is best recorded.
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A REMARKABLE MASS-ASSEMBLAGE OF THE LYCOPSID BRASILODENDRON PEDROANUM 
CHALONER ET AL. 1979 FROM THE RIO BONITO FORMATION, LOWER PERMIAN OF 

THE PARANÁ BASIN, RIO GRANDE DO SUL, BRAZIL

Rafael Spiekermann1, Dieter Uhl2, José Rafael Wanderley Benício1, André Jasper1 
1Univates, Lajeado, Brazil. 2Senckenberg Research Institute and Natural History Museum, Frankfurt am Main, Germany 

In Brazil, arborescent and sub-arborescent lycopsids are con-
sidered as important floristic components of the early Permian 
peat-forming vegetation of the Paraná Basin and have generally 
been assigned to Brasilodendron pedroanum Chaloner et al. 1979. 
However, fossil genera such as Lycopodiophloios and Cyclodendron 
have also been described from the lower Permian deposits of the 
Paraná Basin. These plants are mostly preserved as impressions 
and compressions, which are very fragmented, incompletely pre-
served and lack reproductive structure. Consequently, the taxon-
omy and systematic position as well as the biology and ecology of 
the early Permian arborescent and sub-arborescent lycopsids from 
Brazil are still poorly understood.

During recent fieldwork a remarkable mass assemblage of Brasilo-

dendron pedroanum axes has been discovered. These axes are pre-
served in the plant bearing sub-level N8b of the Morro do Papaléo 
outcrop, Rio Bonito Formation, early Permian of the Paraná Basin, 
Rio Grande do Sul state, Brazil. They are massively concentrat-
ed, without any preferential depositional orientation, forming 
a monotypical assemblage. They are unbranched and preserved 
as impressions. Three morphological patterns, occurring on dis-
tinct axes, were described for leaf cushions. This mass-assemblage 
is probably a result of allochthonous deposition and hydraulic 
size-sorting. The massive concentration of Brasilodendron pedroa-
num suggests that this fossil taxon was an important floristic ele-
ment somewhere in the upstream area of the braided river system 
preserved in the Morro do Papaléo outcrop.

O083

NEW INSIGHTS INTO THE LATE MISSISSIPPIAN FLORA FROM KINGSWOOD FIFE, 
SCOTLAND.

Andrew C Scott1, Jean Galtier2 
1Earth Sciences, RoyalHolloway University of London, Egham, United Kingdom. 2CNRS, UMR AMAP-CIRAD, 34398 
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The fossil plants from the Late Mississippian (late Visean) of King-
swood, Fife Scotland are preserved in limestones associated with 
volcanic ashes. These ashes are thought to have been erupted by a 
basaltic phreatic eruption and the plants grew on the inner flanks 
of the post-eruption crater. The plants living near the crater-lake 
were preserved as calcareous permineralizations and included 
gymnosperms and the herbaceous lycopsid Oxroadia. Some Setis-
pora megaspores were also found as well as a number of unassigned 
megaspore species. In addition, the vegetation higher on the 
crater flank was subjected to frequent wildfires and the resultant 
charcoalified plants washed down into the lake. The plants thus 
preserved include a wide variety of gymnosperms including sev-

eral pteridosperms that are represented by a wide range of leaves, 
pollen organs, ovules and stems as well as rare sphenopsids. The 
palynoflora suggests a NM zone age (Asbian) and indicates the flo-
ra is of a similar age to the nearby Pettycur flora. However, there are 
no elements in common and it is believed that this later flora was 
associated with either lowland peat-forming environments (flora 
dominated by lycopsids and pteridosperms) or disturbed volcanic 
environments (flora dominated by ferns) and the sediments con-
taining the plants were ripped up and incorporated into baslaltic 
lava flows. We shall present new data on the Kingswood flora based 
on both scanning electron microscopy (sem) and Synchrotron ra-
diation x ray tomographic microscopy (SRXTM).

O084

THE EARLY DEVONIAN ALLUVIAL/MARGINAL MARINE PALYNOFACIES FROM THE 
BUKOWA GÓRA QUARRY (HOLY CROSS MOUNTAINS, POLAND)

Marcelina Kondas, Pawel Filipiak, Michal Rakociński, Zuzanna Wawrzyniak 

Faculty of Earth Sciences, University of Silesia, Sosnowiec, Poland 

The palynological investigation was carried out on Early Devoni-
an clastic sediments from the Bukowa Góra Quarry (Holy Cross 
Mountains). All analysed samples contained the high abundance 
of plants   remains (miospores, phytoclasts, fungi and algae as 
well). Animal remains and Nematophytes were also present but in 
limited number.

Based on rich and well-preserved miospore assemblages, the age 
of analysed deposits was established as the douglastownense-euryp-
terota Miospore Zone (Emsian). Within the miospores following 
taxa were identified: Acinosporites lindralensis, Apiculiretusispo-
ra brandtii, A. plicata, Camptozonotriletes caperatus, Dibolisporites 
echinaceus, D. capitellatus, Grandispora protea, Hystricosporites cf. 
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H. corystus, H. microancyreus, Retusotriletes dubiosus, Rhabdospo-
rites minutus, Samarisporites eximius and Verruciretusispora dubia. 
 
Except for spores, a very rich and differentiated phytoclasts as-
semblage was observed. The phytoclasts assemblage changes in 
agreement with the increase of the distance from the continental 
source area, which is caused because of inherent resistance to the 
destruction. I order to investigate the changes in phytoclasts dis-
tribution, following features were considered: edges translucency,  
translucent colour, form/symmetry, angularity and outline. The 
ratio of opaque and non-opaque in all sections was similar, the 
translucent phytoclasts strongly dominated. They were mostly 
brown to dark-brown, with sharp outline, the angular shape was 
the commonest, so in case of all sections the transport was rela-
tively short and the rate of sedimentation was high. The ratio of 
equant and lath-shaped opaque phytoclasts suggests the depo-
sition close to the fluvio-deltaic source area. Additionally, high 
amounts of cuticles supports this idea. Moreover, the phytoclasts 
were not degraded, which is a feature of proximal, oxic environ-

ments removed from the areas of active redeposition. In summary, 
the depositional environment may be described as marginal-ma-
rine/alluvial.

Moreover, those sections were analysed using portable gamma-ray 
spectrometer Georadis GT-32 BGO, which assays concentration of 
potassium, thorium and uranium (12 data points were measured). 
Based on gamma-ray spectrometry we are able to tentatively esti-
mate paleooxygen levels, because the enrichments in uranium is 
observed in anoxic conditions. The values of Th/U ratios in inves-
tigated siltstones are high (from 3.35 to 4,96) which is indicative 
for oxic conditions. However, other data such as pyrite framboids, 
trace-metals, as well as biomarker will be necessary to unequivocal 
decipher redox conditions during sedimentation the level with 
well-preserved plants.

This project was financially support-
ed by the NCN grant nr 2015/19/ B/ST10/01620  
(for P. Filipiak, University of Silesia, Poland)
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Northern Spain contains an extensive sequence of Devonian ma-
rine strata. These accumulated as an onshore-offshore transect 
across a shelf that extended away from a group of relatively large 
islands (Armorican Terrane Assemblage). These islands were rela-
tively isolated and situated between the continents of Euramerica 
to the northwest and Gondwana to the southeast.  The Middle De-
vonian sequence consists of a clastic unit sandwiched between two 
extensive developments of carbonates. The clastic unit is classified 
as the coeval Naranco, Huergas and Gustalapiedra formations of 
Asturias, León and Palencia provinces, respectively. Conodonts 
recovered from the bounding limestones provide secure biostrati-
graphical age constraints.

A comprehensive palynological survey of the clastic unit yield-
ed rich palynomorph assemblages including marine (acritarchs, 
chitinozoans, scolecodonts) and land-derived (spores) forms. The 
marine palynomorph assemblage is unusual as both acritarch and 
chitinozoan assemblages contain unexpected species for the Mid-
dle Devonian and the chitinozoans are often surprisingly abun-
dant and diverse. Similarly, the land-derived palynomorph assem-
blage is unusual, lacking taxa that are abundant in coeval material 
from Euramerica (e.g. spores with grapnel-tipped processes be-
longing to Ancyrospora spp.) and northern Gondwana (e.g. Rhab-
dosporites langii). The isolated location of the islands may explain 
the presence of endemic and relict taxa, as well as the exclusion of 

various marine plankton and terrestrial plants.

The Kačák Event is a globally recognised extinction event, oc-
curring at the Eifelian-Givetian boundary, and characterised by 
marine anoxia. One hypothesis posits that it was caused by an 
increasingly monsoonal climate that increased terrestrial runoff, 
marine stratification and sediment supply to the nearshore en-
vironment. The Naranco, Huergas and Gustalapiedra formations 
have been described as representing the Kačák Event. Clearly, the 
Spanish sequence reflects a period of acute environmental change 
with cyclical sand and silt deposition temporarily supplanting 
background limestone deposition. The recovered palynomorph 
assemblage is lower Givetian in age, later than the Kačák Event, 
but it occurs in the upper half of the sequence. The lower part is 
dominated by thick sands and preserves no silt horizons, but may 
represent increased nearshore sediment input.

Both the marine and terrestrial palynomorphs are diverse, but 
distinctly different from those from older late Emsian deposits, 
indicating a high degree of turnover. Due to the isolated nature 
of the islands, this may reflect predominantly post extinction re-
covery in endemic biotas of the islands rather than immigration. 
The results presented here chronicle an exceptional palynological 
community and shed light on it’s habitat’s response to a major en-
vironmental crisis.
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The End Devonian Mass Extinction (EDME) is often referred to 
as the 6th mass extinction. However, EDME differs from most of 
the Big 5 as it was driven by a short intense glaciation and degla-
ciation. As such it remains our best analogue for extinctions that 
will accompany a collapse of the present glacial system. However, 
EDME still remains poorly understood and particularly its terres-
trial expression. We report on 3 sections, on a proximal to distal 
transect, from East Greenland- the interior of the Old Red Sand-
stone Continent. Here the D-C boundary is marked by a double 
(?precessional) lacustrine cycle. Below the boundary lake the 
palynological assemblage is dominated by Retispora lepidophyta, a 
very distinctive spore that was globally distributed, but restricted 
to the latest Devonian. Immediately beneath the boundary the 

spore diversity increases markedly (LN* spore zone) as the climate 
became less arid and the lake encroached. But as the lake develops 
there are progressive extinctions. Above the lake spores return, 
but as a very simple assemblage following the extinction of many 
long lived Devonian forms. Retispora lepidophyta disappears (the 
ultimate ruderal plant) which indicates the ecological severity of 
the crisis. We have integrated a palaeobotanical record by count-
ing the abundance and size of plant stems. These show the disap-
pearance of large forest trees coincident with the boundary and 
the change in spore assemblage also show loss of the understorey 
vegetation. It was the loss of these keystone taxa that collapsed the 
terrestrial ecosystem.
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As part of an investigation into the earliest Carboniferous tetrapod 
world, palynomorphs have been studied from a fully cored 500 m 
science borehole (West Mains Farm) in the Scottish Borders. To-
gether with an outcrop section at Burnmouth, these encompass 
most of the Tournaisian Ballagan Formation. Both miospores and 
megaspores have been examined throughout, with quantitative 
abundances of key spore taxa enabling a robust correlation be-
tween Burnmouth and the borehole. In total, some eight distinct 
assemblages can be recognised through a CONISS analysis of the 
data. These assemblages map onto the palaeosol types present and 
reveal an inter-connection, with changes in climate ultimately 
driving a succession of vegetation types. The immediate post-ex-
tinction pattern of recovery was a simple flora, followed by in-
creasing spore diversity. The vegetation then became dominated 
by the creeping lycopod Oxroadia conferta (Anaplanisporites bacca-

tus), including abundant megaspores (Setispora pannosa). This was 
replaced by an assemblage dominated by Prolycospora claytonii, 
which new evidence suggests had an affinity with the seed plants. 
The palaeosols indicate that this may represent a wetter interval 
with more permanent vegetation and, hence, increased landscape 
stability. Further upsection, Oxroadia returned in abundance but 
was succeeded by larger arborescent lycopods with established 
Stigmaria root systems. But these were not lepidodendroid lyco-
pods as they appeared significantly below the inception of Lyco-
spora. A considerable increase in the abundance of Spelaeotriletes 
crustatus towards the top of the section, reveals a further change in 
the dominant vegetation to the ?progymnosperms. Significantly, 
the eight-fold subdivision of the Tournaisian can now be mapped 
onto long Milankovitch cycles identified in shallow marine sec-
tions.
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Palynological data from the Lake Ohrid DEEP record correspond-
ing to the Early Pleistocene (Marine Isotope Stages 43 to 35) con-
firm that the Ohrid catchment fostered numerous subtropical spe-
cies during this interval. Tree species such as Cedrus, Tsuga, Carya, 
Pterocarya, Cathaya, Parrotia, Liquidambar, Taxodium and Eucommia 
formed important constituents of the Early Pleistocene flora of the 
Ohrid catchment (such as Cedrus and Tsuga with up to 40% and 
20% respectively). Pollen percentages of relict tree species (i.e. ab-
sent in modern flora of the region) indicate continuous presence 
in the catchment during interglacials, which are characterized by a 
remarkable species diversity. These findings are in good agreement 
with pollen records from Southern Italy and point to the refugial 
characteristics of the Italian and Balkan peninsulas. Ongoing 
palynological analyses of the Ohrid DEEP core suggest receding 
populations of these trees within the catchment throughout the 
Mid-Pleistocene Transition (MPT) and they become extinct gradu-
ally during post-MPT high amplitude climatic cycles.

There is an increase of conifer tree percentages observed over the 
study interval with pines dominating pollen spectra during the 
MIS 38 and MIS 36. Pollen and biomarker data suggest a rather 
forested landscape with relatively limited erosion activity during 

interglacial and glacial intervals of the Early Pleistocene. Maxima 
in tree pollen and fern spore concentrations in MIS 41 and MIS 
35 suggest high terrestrial productivity within the catchment that 
led to the accumulation of significant plant biomass and to an 
increased fire frequency within these intervals. Aquatic vascular 
plant concentrations also show maxima in MIS 41 and MIS 35, but 
green algae values indicating lake productivity are higher within 
the older half of the study interval (i.e. MIS 43 and MIS 41). Maxi-
ma of aquatic vascular plant, herb (mostly grasses including reeds) 
and green algae concentrations indicate changes in the littoral 
zone and a higher lake productivity most likely linked to changes 
in nutrient availability and lake-level fluctuations.

These findings support the working hypothesis presented in the 
original proposal, namely that a shallower Lake Ohrid is most 
likely characterized by an extensive littoral zone and more eutro-
phic conditions in comparison to the deeper oligotrophic lake 
described in the Late Pleistocene. Pollen and biomarker findings 
suggest that Lake Ohrid during the early stages of its existence was 
an entirely different ecosystem resembling the one found in the 
Prespa catchment: shallow, with more extended littoral zones, in-
cluding wetlands, and significantly more productive.
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Promoted by the potential of the sedimentary sequence for inves-
tigating the paleoecological and paleoclimate development of the 
Near East, a deep drilling operation was carried out in 2010 sup-
ported by the International Continental Scientific Drilling Pro-
gram (ICDP). The continuous sedimentary archive of Lake Van 
adds significantly to the picture of long-term climate variability 
and millennial-to-centennial scale oscillations during the last two 
interglacial-glacial cycles (ca. 10-250 ka, MIS 2-7). A unique multi-
proxy study, derived from pollen and microscopic charcoal data, 
black carbon analysis, stable oxygen isotopes, and XRF measure-
ments, provides the opportunity to examine different paleoenvi-
ronmental indicators, e.g., vegetation communities, fire activity, 
erosion processes, evaporation rates, and moisture availability in 
the catchment area. We are able to evaluate how climate triggers the 
activity of vegetation fires in a long continental sediment record.

The integration of all proxies shows two temperate intervals, the 
penultimate interglacial complex (MIS 7; ca. 193-242 ka BP) and 
the last interglacial (MIS 5e; ca. 111-131 ka BP), with high effective 
soil moisture availability. This is evidenced by the predominance 
of oak steppe-forested landscapes similar to the present intergla-
cial vegetation in this sensitive semiarid region. Furthermore, we 
found that biomass productivity, precipitation, and seasonality 
were major controls of fire activity. Intensive fire events were re-
corded during temperate/humid periods and did not necessarily 
occur during dry climates. More specifically, the beginning of 
each temperate interval can be assigned to the grassland dominat-
ing landscape, which provided considerably more fuel availability 
than during glacial steppe vegetation.



Page 83

O090

LONG-TERM ECOSYSTEM DYNAMICS DRIVEN BY CLIMATE OSCILLATIONS AND FIRE-
REGIME CHANGES DURING THE LAST 18K YR CAL BP IN THE CANTABRIAN REGION 

(LA MOLINA PEAT BOG, PUENTE VIESGO, SPAIN)

Marc Sánchez-Morales1, Virginia Carracedo2, Juan Carlos García-Codron2, Aaron Pérez-Haase3, Ramon Pérez-
Obiol1, Joan Manuel Soriano1, Albert Pèlachs1 

1Universitat Autònoma de Barcelona, Cerdanyola del Vallès, Spain. 2Universidad de Cantabria, Santander, Spain. 3Universitat 
de Barcelona, Barcelona, Spain 

The study of long-term fire regimes has demonstrated to be one 
of the most interesting tools for interpreting landscape dynamics 
since it allows discussing the role of climate oscillations and hu-
man perturbations on mountain areas. One of the European re-
gions with more known paleolithic sites is Cantabria (northern 
Iberian Peninsula), but only a few sedimentary records enable 
the study of climate and landscape dynamics during the Tardigla-
cial-Holocene transition.

The sequence obtained from La Molina peat bog in Puente Vies-
go is one of the most interesting paleobotanic records from this 
region. The multiproxy study of the sequence has been based on 
the analysis of macroremains, pollen and non-pollen palyno-
morphs, % of organic matter and sedimentary charcoal (<150 µm). 
These proxies provide information about vegetation, climate and 
fire regimes at a local scale and help to understand the significant 
changes occurred during the last 18K years. A period of particu-
lar interest is the Late Glacial-Holocene transition since it allows 
assessing the role of human activity before the Neolithic in the 
northwest part of the Iberian Peninsula.

The results of this study showed that charcoal peaks (0.5-1 mm2/g) 

coincided with organic matter decreases from the Late glacial to 
the Holocene (18k to 9.500 years BP). A significant increment of 
organic matter was observed after 12K years BP, which coincides 
with the beginning of the postglacial times. At 9.500 years BP 
there was a very intense charcoal peak (20 mm2/g) which also 
follows the pattern. However, between 8.500 and 8.000 years BP 
there was the first charcoal peak that did not, coinciding with the 
8.200 cold and arid event. From 8.000 to 6.000 years BP charcoal 
peaks decreased in intensity (1-2 mm2/g) and again coincide with 
organic matter decreases, suggesting that the fire regime was most-
ly influenced by climate fluctuations. However, from the Neolith-
ic (c. 6.000 years BP) to present, charcoal peaks were very intense 
(20-40 mm2/g) and were closely related to the human occupation 
in the Cantabrian region. Previous investigations showed that the 
intensity and effects of wildfires are related to the biomass and 
controlled by climate factors.

In summary, La Molina peat bog sequence shows a good correla-
tion with the rapid climate changes during the last glacial–inter-
glacial transition. Abrupt events observed were identified as cold 
and arid periods in relation to the fire events until Neolithic peri-
od. Then, fire regimes were linked to the cultural landscape.
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Fire is one of the most important disturbance agents in forested 
ecosystems, yet there remain gaps in understanding the long-term 
role of fire, its drivers, and species responses to fire in central Eu-
rope. To fill in this knowledge gap, we applied a high-resolution, 
multi-proxy paleoenvironmental approach to sediments collected 
from Prášilské jezero (Šumava Mountains, Czech Republic) using 
macro- and micro-charcoal, pollen, plant macrofossils, and charred 
plant remains. Using pollen influx and macroscopic charcoal area 
data, we investigated species responses to increasing biomass burn-
ing through the Holocene using a Generalized Additive Model. 
Our results illustrate that at the regional-to -subcontinental-scale, 
synchronized biomass burning throughout central Europe suggests 
climate was the dominant driver of fire between 11,500 – 6500 cal yr 
BP. Vegetation composition and structure acted as a secondary driv-
er of fire influencing fuel type at both the regional- and local-scale. 
Species response curves demonstrate a strong positive relationship 
(p < 0.01) between fire resister species such as Pinus, Corylus, and Bet-
ula and increased macroscopic charcoal (CHAR). Norway spruce (Pi-
cea abies) established ~10,000 cal yr BP during peak biomass burn-
ing. Species response curve for Picea demonstrates a slight negative 
relationship between increasing CHAR, which perhaps counters 

the view that this fire avoider species was heavily impacted by fire. 
When climatic conditions became more favorable for fire sensitive 
species (e.g. Fagus sylvatica) ~6500 cal yr BP, regional biomass burn-
ing decreased dramatically. Species response curves support this 
demonstrating a strong negative relationship (p < 0.01) between Fa-
gus and increasing CHAR. However, while regional biomass burning 
decreased dramatically beginning ~6500 cal yr BP, the reduction in 
local fire frequency was less so. Thus, either human activities and/or 
rare fire-promoting climatic events were important in shaping the 
fire regimes of central European spruce-beech forests at local-scales 
after 6500 cal yr BP. Fire activity peaked and parallels increases in 
anthropogenic pollen indicators ~2500 cal yr BP demonstrating the 
importance of humans in temperate forests of central Europe. As 
temperate mountain ecosystems from central Europe become more 
susceptible to mortality with increasing temperature and drought 
frequency, mountain ecosystems may also become more vulnerable 
to the increasing risk of wildfire. Response curves infer that Picea in 
temperate forests of central Europe may not be as impacted by fire 
as once previously thought, but that beech forests in the Šumava 
Mountains may be the most negatively impacted by projected in-
creases in occurrence of wildfire.
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Water flux from the vegetation component of the soil-plant-at-
mosphere continuum (SPAC) is limited by tissue and organ level 
organization affecting liquid water available for evaporation from 
the interior of leaves.  While leaf water is the endpoint of soil wa-
ter transport, roots and stems also restrict replenishment of water 
to the leaves that varies by species.  Reorganization of plant com-
munities during the Late Carboniferous has been inferred to be 
driven by top-down climate aridification.  However, while global 
aridification can be attributed to changes in hydrologic cycling 
due to lower greenhouse forcing, regional aridification may also 
occur through forest composition changes reducing plant water 
use.   During the Late Carboniferous, tropical forests were domi-
nated by Lepidodendron spp. that were eventually replaced by stem 
group marattialean tree ferns.  Other plants associated with these 
communities included medullosan seed ferns, cordaitaleans, and 
woody sphenophytes.   Utilizing fossil-derived morphological 
measures of stoma size and density, leaf vein to stoma distances, 
stem tracheid diameters and cell wall thickness, and soil root dis-
tribution and diameters, we modeled hourly transpiration and 
root/stem hydraulic flux for a tropical, central Pangean location 
for these different plants types to represent limits on physiological 
function of these different extinct plant types imposed by their re-
spective morphological combinations. We found that roots distri-

bution differences among modeled plants were not significant in 
changing simulated tissue water flux, rather restrictions imposed 
by both stem and leaf conductivity coupled with stomatal conduc-
tance reduced transpiration.  Lepidodendron spp. and medullosan 
seed ferns had approximately 3 to 4 times the maximum mid-sum-
mer transpiration of tree ferns, cordaitaleans, and spenophytes, 
with almost 10 times the cavitation potential within their stem 
tracheids.  Leaf conductivity, accounting for both vein density and 
apoplastic pathways, were not consistently different among these 
groups, though Lepidodendron spp. had the highest value and tree 
ferns the lowest, attributed to stomatal densities.   From modeled 
transpiration (latent heat), above canopy atmospheric stability—
evaluated as the inverse of the Monin-Obukhov length or the ra-
tio of canopy heat and momentum flux—was calculated for each 
plant type.  Using community composition of well-characterized 
sites with good age data, we found that weighted average transpi-
ration decreased and atmospheric stability increased between 306 
to 298 million years ago.   These estimates correspond to overall 
global aridification.  This indicates that plant community changes 
favoring species with higher water use efficiency can reduce wa-
ter vapor amount and convective transport, positively reinforcing 
rates of regional aridification.
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During Early and Middle Jurassic times, the proto-Ligurian Tethys 
Ocean developed an intense volcanic activity. Such activity can be 
observed from the volcanoclastic deposits of the El Pedregal Fm 
(Iberian Ranges, NE Iberian Peninsula), where an intrusive phe-
nomena caused an ephemeral insular input in on this area of the 
proto-Ligurian Tethys Ocean. These terrestrial levels contain abun-
dant plant megafossil remains and a well preserved palynoflora.

Here we show the dispersed palynomorph assemblages of six dif-
ferent sampling sites including, e.g., Klukisporites spp., Manumia 
sp., Perinopollenites sp., Cycadopites spp., Cerebropollenites spp., and 
species of Cyathidites (among others). Fungal spores and other ma-
rine elements, such as prasinophyte algae, acritarchs, foraminifers 

and scolecodonts are also observed. Plant macroflora is character-
ised by a rich bennettitalean diversity formed by long leaves and 
fertile structures together with some types of ferns. It has also been 
identified some plant-animal interactions (e.g., marks of leaf-min-
ing insects or bio-erosive interactions in trunks).

Moreover, palynological and stratigraphic data suggest a late Aale-
nian-early Bajocian (Middle Jurassic) age for sampled levels. This 
well-preserved terrestrial diversity represents one of the most 
comprehensive mid-Jurassic floras of the Iberian Peninsula. This 
discovery provides an excellent scenario to explore the patterns 
and processes involved in the floral dispersal and colonisation of 
isolated environments.
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The lower Oligocene palaeobotanical site of Cervera (Catalonia, 
Spain), located in the eastern Ebro Basin, contains one of the rich-
est beds in Rhus leaves from Europe. The leaf features indicate that 
it corresponds to a new species. It is composed of three leaflets. 
The apical leaflet is symmetric with serrate margin, decurrent base, 
pinnate primary venation, craspedodromous secondary venation 
and irregular reticulate tertiary veins. In contrast, the lateral leaf-
lets contain asymmetric base with rounded shape in the distal 
part of the lamina and straight or concave in the proximal part. 
Additionally the lateral leaflets have a basal secondary vein. The 
comparison with extant species indicates that R. aromatica leaves 
are most similar to this new fossil species. Nowadays, R. aromatica 
grows in sunny dry environments of a wide range of latitudes in N. 
America whilst the new fossil species was restricted to the endor-
rheic Ebro Basin. Small differences in the leaf characters of both 
species would indicate distinct palaeoclimatic and palaeoecologi-
cal adaptations: (1) The lateral leaflets of the Rhus sp. nov. show a 
reduced leaf area. (2) Rhus sp. nov. bears a gland at the tip of teeth 
while R. aromatica leaves are devoid of glands. These two characters 

would reflect an adaptation to prevent a high evapotranspiration 
and that Rhus sp. nov. would probably grow under higher water 
stress than R. aromatica. (3) Rhus sp. nov. contains fewer teeth with 
a larger tooth-area than R. aromatica suggesting that Rhus sp. nov. 
would grow under less-contrasted seasonal conditions. A recent 
sedimentological and taphonomic study of the Oligocene flora 
from Cervera indicates that Rhus sp. nov. would form part of an 
open savannah-like woodland located distally from a lake (Tosal 
and Martín-Closas, 2016; Review of Paleobotany and Palynology, 
233, 93-103). These results fit well with the subtropical paleocli-
mate interpreted by former authors to occur in the Mediterranean 
Tethys bioprovince during the Oligocene. To sum up, Rhus sp. nov. 
appears to be a reliable indicator of the arid and warm bioprov-
ince of the South-European Oligocene along with other indicators 
such as Zizyphus zizyphoides or Comptonia schrankii.
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Anthropogenic climate change will likely alter the ecological 
functioning of future ecosystems, yet the magnitude and direc-
tion of such changes are difficult to quantify. Here we evaluate 
the impact of a well constrained CO2 induced global warming 
event in the geological past on the ecological functioning of for-
ested ecosystems. We use leaf mass per area (LMA), a widely used 
trait in modern plant ecology, to infer the palaeoecological strat-
egy of fossil plant taxa and the relative abundances of different 
ecological strategies to assess overall palaeoecosystem function. 
Palaeo-LMA is determined from leaf cuticle thickness based on a 
highly significant positive scaling relationship between LMA and 
cuticle thickness of 39 extant gymnosperm taxa. Application of 
this new palaeo-LMA proxy to 121 fossil gymnosperm leaves span-
ning the Triassic-Jurassic (Tr-J) transition of East Greenland reveals 
a significant shift in the dominant ecological strategies of the 
palaeo-ecosystems. A comparison of our method with two other 

Palaeo-LMA proxies each based on petiole width-leaf area and epi-
dermal cell-density shows that our proxy is robust. We show that 
Late Triassic forests, dominated by ‘fast-return’ low LMA taxa, were 
replaced in the early Jurassic by species-depauperate forests domi-
nated by ‘slow-return’ high LMA taxa. The low to high LMA strate-
gies observed at an evolutionary timeline mirrors that seen for in-
dividual taxa on experimental time scales when plants are grown 
in simulated Tr-J atmospheric conditions. Although taxon-specific 
ecological responses to elevated CO2 may be highly individualistic 
and opposing in sign, we demonstrate that extreme CO2-induced 
global warming selected for taxa with high LMA associated with a 
stress-tolerant strategy and that post-warming ecological success 
may be attributed to adaptive plasticity in leaf functional traits 
such as LMA.
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BIOGEOGRAPHIC ORIGIN OF EAST ASIA FLORA

Hang Sun1, Yongsheng Chen1, Tao Deng1, Zhimin Li2 
1Key Laboratory for Plant Diversity and Biogeography, Kunming Institute of Botany, Chinese Academy of Sciences, Kunming, 

China. 2Life Science School, Yunnan Normal University, Kunming, China 

The East Asian Flora (EAF) is a well-known global hotspot of bio-
diversity but its origin remains poorly understood. In our study 
we compiled data of 213 clades, representing 203 genera and 81 
families (two gymnosperms and 79 angiosperms) of seed plants, 
evenly distributed throughout the Angiosperm Phylogeny Group 
(APG) phylogenetic tree. Several major clades were sampled, cov-
ering 36 of the 64 orders. Using these data in combination with 
palaeobotanical information as well as the geological history, we 
analyzed the origin of the EAF. Our results showed that the bio-

geographical origin of the EAF is multiple and a large part of the 
present taxa (48%) originated in situ. For the remaining taxa, clos-
est relationship is with Laurasian floras including those of North 
America (11%), the Tethyan area (10%) and tropical Asia (9%); for 
14 % of the taxa the place of origin is unknown. Besides, 8% of the 
allochthonous taxa originated from continents which originally 
belonged to Gondwana. Most of these clades originated since the 
Miocene which indicates that the EAF might be relatively young.

O097

ENDOCARPS OF PARINARI (CHRYSOBALANACEAE) FROM THE MIOCENE OF THAILAND

Paul Grote 

Northeastern Research Institute of Petrified Wood and Mineral Resources, Nakhon Ratchasima Rajabhat University, Nakhon 
Ratchasima, Thailand 

An assemblage of fruits and seeds was recently discovered in a 
commercial sand pit in Nakhon Ratchasima Province, Northeast-
ern Thailand, in a layer thought to be late middle or late Miocene 
in age.  The specimens include fruits or seeds of Chrysobalanaceae, 
Vitaceae, and possibly Cornaceae.  One fruit type is an endocarp, 
transversely broadly elliptic, 2.0 cm high, 2.4 cm broad, and 1.2 
cm thick, with 2 elliptic plugs, 1.1 cm long by 0.6 cm wide, each 
covering a locule.  The endocarp wall is thick, and the 2 locules are 
separated by a septum.  Two small openings between the 2 plugs, 
presumably for vascular bundles, suggest that the plugs are basal.  
These fruits can be placed in the genus Parinari of Chrysobalana-
ceae.  This genus is at present pantropical, with 44 extant species 
occurring in tropical America, tropical Asia, northern Australia, 
and Pacific islands.  Based on studies of the plastid genome, Bar-

don and colleagues suggested that the genus originated in Africa, 
subsequently spreading to Southeast Asia during the Miocene, 
and from there to the Neotropics.  Fossil endocarps are known 
from the early to middle Miocene of Ethiopia and early Miocene 
to Pleistocene in Central and South America.  Although leaves of 
Parinari and wood of Parinarioxylon have been reported from the 
Miocene of India, and Parinarioxylon from the Pliocene of Java 
(Indonesia), fossil endocarps have not been reported from Asia.  
The discovery of endocarps of Parinari in this study allows greater 
confidence of the presence of Parinari in Asia during the Miocene, 
as the endocarps can be identified to genus level, whereas fossil 
leaves and wood are difficult to assign with certainty to a particular 
genus within Chrysobalanaceae. 

O098

THE PLIOCENE FLORA OF FRANKFURT/M (GERMANY) - NOVELTIES AND 
PALAEOENVIRONMENT

Zlatko Kvaček1, Thomas Denk2, Vasilis Teodoridis3 
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The Pliocene flora of Frankfurt/M, Germany is a key reference flo-
ra for the European late Neogene. We summarize most important 
data and document additional material of foliage recovered after 
the Second World War, now housed in the department of palae-
obotany, Senckenberg Museum at Frankfurt/M. and specimens of 
the original material housed in the Swedish Museum of Natural 
History, Stockholm. Gymnosperms are represented by Ginkgo adi-
antoides and various conifers (Picea latisquamosa, Larix europaea, 
Keteleeria loehri, Pinus sp. div., Pseudotsuga, Abies sclereidea, 
Tsuga europaea, Sequoia abietina, Taxodium dubium, Calocedrus 

pliocaenica, Sciadopitys tertiaria, Cephalotaxus pliocaenica, Tax-
us, and Torreya). Angiosperms dominate the assemblage in diversi-
ty - Magnolia liblarensis, Sassafras cf. ferretianum, Laurophyllum, 
Smilax, Fagus kraeuselii, Castanea, Quercus roburoides, Quercus 
pseudocastanea, Quercus praecastaneifolia, Cercidiphyllum cre-
natum, Parrotia pristina, Liquidambar europaea, Salix denticulata, 
Populus balsamoides , Populus populina, Carya, Pterocarya para-
disiaca, Carpinus grandis, Corylus , Alnus gaudinii, Betula,  Ulmus 
pyramidalis, Ulmus carpinoides, Zelkova zelkovifolia, Celtis, Eu-
commia, Gleditsia, Caesalpinites, Malus, Prunus, Crataegus, Rosa, 
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Sorbus, Spiraea, Tilia, Dombeyopsis lobata, Hibiscus cf. splendens, 
Aesculus, Buxus pliocaenica, Pachysandra, Acer subcampestre 
, A. platanoides, A.integerrimum, Acer  spp., Fraxinus angusta, 
Trichosanthes, Viscophyllum pliocaenicum, Viscum miquelii, Ilex 
geissertii and some morphotypes awaiting a more detailed study, 

e.g.”Juglans” acuminata, Dicotylophyllum spp. (cf. Diospyros, cf. 
Lonicera, cf. Styrax). Preliminary palaeoenvironmental data sug-
gest that the flora of Frankfurt represents humid temperate forest 
vegetation. Several relict taxa present in the flora have East Asian 
and to a lesser degree North American biogeographic affinities.

O099

BIOGEOGRAPHIC DISTRIBUTION: PATTERN AND PROCESS IN ROSACEAE FROM THE 
EARLY EOCENE OKANOGAN HIGHLANDS FLORA, BRITISH COLUMBIA, CANADA, AND 

WASHINGTON, USA.

Kathleen Pigg1, Melanie DeVore2, Soon Flynn1 
1Arizona State University, Tempe,AZ, USA. 2Georgia College and State University, Milledgeville GA, USA 

Cretaceous and Cenozoic plant localities in western North Amer-
ica provide the opportunity to explore the distribution of taxa 
through time and at differing latitudes. However, another factor 
that comes into play is elevation. The Okanogan Highlands flora 
of British Columbia and Washington is a Northern Hemisphere, 
higher elevation site with taxa that we recognize today as tem-
perate, and in many cases the earliest known. Many plants in this 
flora have Asian relatives today. At the same relative time and lat-
itude, coastal floras in Washington include megathermal “tropi-
cal” elements  (e.g., palms & tree ferns in the Chuckanut flora near 
Bellingham).

The Okanogan Highlands flora, best known from Republic, Wash-
ington, is a lacustrine site of latest early Eocene, that contains a 
combination of 1) fossils that show features suggesting modern 
generic affinities and 2) mosaic taxa. Wolfe & Wehr (1987) noted 
that Rosaceae were particularly well represented. Present day Ro-
saceous taxa that occur in the Republic flora show several biogeo-
graphic distributional patterns today: 1) cosmopolitan (Prunus, 

Rubus); 2) Asian (Photinia); 3) Pacific Coastal endemics (Omelaria, 
Stonebergia-Chamaebatiaria-Lyonothamnus group); 4) chaparral Ro-
saceae (Vauquelinia, Hesperomeles, Cercocarpus; and 5) the unusual 
disjunct distribution between Mt. Shasta, California and south-
eastern North America of Neviusia, part of the mostly Asian Ker-
rieae.

We are interested in the driving evolutionary forces enabling these 
and other taxa to radiate and obtain today’s distributions. They in-
clude: hybridization (e.g. Sorbus), dormancy mechanisms (Cercidi-
phyllum; Zizyphoides, Tetracentron); nitrogen-fixing bacteria Frankia 
(Alnus, Lyonothamnas) and extensive vegetative reproduction (e.g., 
Rubus). As we look at distribution patterns in modern Rosaceae we 
see that some herbaceous lineages have radiated into the tropics 
where they are represented by woody invasive plants. We have also 
noticed that not all fossils originally thought to be roseaceous may 
actually represent other important families including Anacardia-
ceae, Sapindaceae and Urticaceae. Taxonomic identification is 
critical to the understanding of biogeographic distribution.

O100

NAMING OF WHOLE PLANTS IN PALAEOBOTANY – CASE STUDY FROM CRETACEOUS

Jiří Kvaček 

National Museum Prague, Praha, Czech Republic 

Naming of whole fossil plants still remains as a problem in palae-
obotany. Several solutions are used with particular difference be-
tween approaches in Cenozoic palaeobotany and Mesozoic and 
Palaeozoic palaeobotany. Nomenclatural solutions are difficult 
and typically not functioning in the later cases, particularly when 
the principle of priority does not work. I use here one of the ideas 
of Bill Challoner who suggested the names should be informal 
staying out of the nomenclatural rules. A case study on Cretaceous 
whole plants is going to be performed using this informal nam-

ing with the only principle of taxonomic importance – a 
criterion indicating the importance of the organ for systematic 
positioning of the “whole plant” in the tree of life (it will usually 
be the name of reproductive structure or anatomically preserved 
stem). In other words, the first taxon in the list should bear the 
highest number of diagnostic characters that are important for its 
classification, and allow the most precise attribution of the “whole 
plant” to a certain systematic group.



Page 88

O101

THE INEVITABLE SEED: A CRETACEOUS PERSPECTIVE

Else Marie Friis1, Peter R. Crane2,3, Kaj Raunsgaard Pedersen4 
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A multitude of fossil seeds, mostly derived from angiosperms, 
but also from a variety of gymnosperms including Bennettitales, 
Erdtmanithecales, Gnetales and many conifers, provide evidence 
of reproductive biology in seed plants during the major ecological 
turnover that followed the Early Cretaceous radiation of angio-
sperms. Seeds from Early and Late Cretaceous mesofossil floras 
were studied for external and internal features using synchrotron 
based X-ray microscopy. In these floras, seeds of angiosperms are 
typically small and show great morphological and anatomical dis-
parity already in the Early Cretaceous. Angiosperm seeds are typi-
cally bitegmic with the protective tissue in the outer integument. 
Cretaceous seeds belonging to the chlamydospermous clade have 
a functional similar protective outer layer, but it is developmen-
tally distinct in these non-angiospermous seed plants. The small 

seed size of early angiosperms coupled with their tiny embryo and 
strongly limited nutrient storage tissue corroborates suggestions 
that early angiosperms most likely had an r-type reproductive 
strategy colonising open disturbance-prone terrain and that this 
strategy was part of the initial success of angiosperms, while an-
giosperms with K-type reproductive strategy developed later and 
most obviously in the early Cenozoic. There is an interesting par-
allel with Chaloner and Pettitt’s (1987) suggestion that the major 
force behind the evolution of the seed and consequent initial ra-
diation of seed plants was competition for survival in Devonian 
and Carboniferous plant communities with a pressure for larg-
er food storage and a shift from r-type reproductive strategies in 
spore-bearing plants to K-type reproductive strategies among early 
seed plants.

O102

DIVERSITY AND HOMOLOGIES OF CORYSTOSPERM SEED-BEARING STRUCTURES FROM 
THE EARLY CRETACEOUS OF MONGOLIA AND CHINA.

Peter Crane1, Patrick Herendeen2, Fabiany Herrera2, Gongle Shi3 
1Oak Spring Garden Foundation, Upperville, USA. 2Chicago Botanic Garden, Glencoe, USA. 3State Key Laboratory of 

Palaeobiology and Stratigraphy, Nanjing Institute of Geology and Palaeontology, Chinese Academy of Sciences, Nanjing, 
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New discoveries of corystosperm seed-bearing structures from the 
Tevshin Govi locality in the Early Cretaceous (Aptian–Albian) of 
Mongolia document that the individual ovulate units of Umko-
masia mongolica were borne in a loose cone, as also documented 
for the very similar reproductive units of Doylea tetrahedrasperma 
Stockey & Rothwell. New material from the Tevshin Govi locality 
also documents two further species of Umkomasia that most likely 
grew in a slightly different environment to U. mongolica. It is likely 
that these species had simple leaves referable to  Pseudotorellia. The 
occurrence of three different Umkomasia species in the Early Creta-
ceous of Mongolia, together with specimens preserved in a recent-
ly discovered Early Cretaceous chert from Inner Mongolia, as well 

as other records from the Early Cretaceous of the Northern Hemi-
sphere, indicate that previous concepts of corystosperms, based 
mainly on material from the Southern Hemisphere, need to be 
significantly revised. The consistent reproductive architecture of 
the seed-bearing structures in all of the corystosperm materal from 
Mongolia and China, with a bract subtending a variously modified 
axis bearing ovules, is similar to the situation several previously 
described fossils, as well as extant Ginkgo, conifers and Gnetales. 
These underappreciated architectural commonalities among the 
reproductive structures of several major groups of seeds plants are 
likely significant for a deeper understanding of seed plant evolu-
tion and require further exploration.  
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FRENELOPSIS, A SWISS-KNIFE PLANT PROXY OF CLIMATE AND TERRESTRIAL ECOLOGY 
DURING THE CRETACEOUS

Abel Barral, Bernard Gomez, Véronique Daviero-Gomez, Christophe Lécuyer 

Laboratoire de Géologie de Lyon, CNRS UMR 5276, Université Lyon 1, Villeurbanne, France 

How to gain insight into past climate and ecology from plant fos-
sils has been a major concern of palaeobotanists during the last 
decades. Prof. Chaloner was one of the main leading minds in 
this field, leaving a heritage of innovation and creative thinking 
in the use of plant fossils as palaeoproxies. His legacy has inspired 
numerous research lines focused on the establishment of relation-
ships between plant traits and a wide range of environmental fac-
tors, the amelioration of traditional proxy methods, and the ex-
traction of valuable information on climate evolution during the 
Earth’s history. We centre our efforts in reconstructing terrestrial 
ecosystems and climate evolution during the Cretaceous based on 
the fossil conifer Frenelopsis Schenk. The genus had a worldwide 
low-latitude geographic distribution along a wide diversity of eco-

systems, during most of the Cretaceous (ca. 75 Myr). It survived 
several critical climate change events and the Cretaceous Terres-
trial Revolution (KTR; 125–80 Mya) that was associated with a 
marked biodiversity turnover and, particularly, the rise to domi-
nance of angiosperms. Frenelopsis represents, thus, an opportunity 
to draw valuable conclusions on the feedbacks between ecosys-
tem and climate evolution all along one of the most critical pe-
riods of the Phanerozoic, from just one Swiss-knife plant proxy. 
We perform an integrative multidisciplinary approach based on 
taxonomy, plant ecology, functional morphology and stable iso-
tope geochemistry to fine-tune Frenelopsis as a proxy and to use it 
to reconstruct plant community dynamics and atmospheric CO2 
evolution during the Cretaceous.
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NEW INSIGHT OF THE MORPHOLOGICAL VARIATION IN MIOSPORES WITH 
MICRORETICULATE-FOVEOLATE SCULPTURE

Dmitriy A. Mamontov1, Duncan McLean2, Olga A. Orlova1, Olga A. Gavrilova3 
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Morphological differences between miospores with microreticu-
late and foveolate sculpture often seem to be ambiguous. This is 
due to the high diversity and variability of sculptural types within 
and between species. Traditional descriptive morphological terms 
such as “scrobiculus”, “foveola”, and “lumen” are without strict 
definition and can be confused. A lack of precise understanding 
of the morphological variation within some genera and species 
has resulted in the doubtful taxonomic status of some of these 
miospore taxa. In order to define quantitative boundaries for qual-
itative terms (e.g. of sculpture types) a numerical typification has 
been applied. This approach was introduced by Vezey and Skvarla 
(1990, 1994) who used image analysis to segregate perforated ex-
ines of angiosperm pollen grains.

Material for the present study was a monotypic assemblage of mi-
ospores of the Microreticulatisporites-type from the Upper Visean of 
the Moscow Syneclise, Russia. Analysis was carried out using com-
bined methods of optical light microscopy (LM), scanning-elec-
tron microscopy (SEM) and confocal laser microscopy (CLSM) 
for the first time. Observed  miospore  specimens demonstrate a 
range of features of the “microreticulate” exospore. There are nu-
merous circular perforations (“scrobiculae”) on the surface of the 
exospore. LM and SEM photomicrographs show that these per-
forations have diameters of 0.2 (0.48±0.09) 1.0 µm. The distance 

between the edges of perforations is 0.54 (0.89±0.16) 1.35 µm. 
The average diameter of the perforations is less than the average 
distance between perforation and thus, the studied miospores do 
not have a microreticulate sculpture. They therefore do not be-
long within the genus Microreticulatisporites which is defined as 
microreticulate or reticulate. The SEM photomicrographs show 
that the polygonal depressions (meshes) are formed by the junc-
tions of tapered muri. The average diameter of the depressions is 
variable, being 1.3 (1.8±0.27) 2.8 µm wide. The average diameter 
of the depressions is greater than average width of the muri mean-
ing that the large depressions should be considered as true lumina. 
Each circular peforation (“scrobiculus”) is enclosed in a polygonal 
depression (“lumen”). Virtual cross-sections and reconstructions 
provided by CLSM show the existence of funnel-shaped “tunnels” 
that are clearly preserved in the deeper part of the exospore bear-
ing the complex sculpture.

Differences between the microreticulate and foveolate sculpture 
patterns have been defined using quantatitive and qualitative pa-
rameters. As a results of our studies, a new sculptural type has been 
identified. This aids in separation of microreticulate and foveolate 
sculptures.

RFBR project No 15–04–09067.
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CORRELATION OF PALYNOMORPH DARKNESS INDEX (PDI) TO OTHER THERMAL 
MATURATION INDICES SUCH AS VITRINITE REFLECTANCE (RO) AND SPORE COLOUR 

INDEX (SCI)

Geoff Clayton1,2, Robbie Goodhue2, Catherine Duggan3, John Marshall4 
1University of Sheffield, Sheffield, United Kingdom. 2Trinity College, University of Dublin, Dublin, Ireland. 3Tullow Oil plc, 

London, United Kingdom. 4University of Southampton, Southampton, United Kingdom 

Palynomorph Darkness Index (PDI) results are presented for three 
palynomorph groups, the acritarch Veryhachium spp., and the mi-
ospores Lycospora spp. and small Punctatisporites spp. All samples 
investigated are of known vitrinite reflectance (Ro), permitting 
basic correlation of these two techniques. Much larger datasets 
would be needed in order to establish precise PDI and Ro relation-
ships as it is clear that, like palynomorph colour, PDI is a function 
not only of thermal maturity but also of palynomorph morpholo-
gy and probably chemical composition. The PDI of two common-
ly used schemes for the qualitative assessment of palynomorph 
colour was also investigated; the Spore Colour Index (SCI), and the  

‘Pollen/spore Color Standard’. The former is calibrated by means of 
sets of individual palynomorphs, each typifying one of the points 
on the SCI scale, whereas the latter is based on a stated Munsell 
Colour for each step on its scale. PDI values for the ‘Pollen/spore 
Color Standard’ scale were calculated from the relevant Munsell 
Colours via equivalent Red/Green/Blue intensities (RGB), allow-
ing approximate correlation of these maturity indices. However, 
determination of the PDI of each of the designated palynomorphs 
in a set of SCI standard slides revealed major anomalies, with some 
of the SCI steps in the incorrect sequence in terms of their mea-
sured darkness (PDI).
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CHANGES IN SPOROMORPH APPEARANCE WITH INCREASING MATURITY: A CASE 
STUDY FROM SOUTHWEST IRAN.
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Clayton4, Paulo Fernandes5 
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This study focuses on the thermal maturity assessment of Permian 
sediments from the Zagros Basin, Southwest Iran, comparing opti-
cal and geochemical analyses of palynomorphs. The investigated 
surface and subsurface sections, Darreh Yas and Well-8 respective-
ly, comprise the Faraghan Formation. This formation, widely dis-
tributed in the Zagros area, generally consists of shale intercalated 
with sandstone and pebble conglomerate, with thin carbonate in-
tercalations near the top. The thermal maturity of organic matter 
from the Faraghan Formation was estimated using organic geo-
chemistry (e.g. Rock Eval Pyrolysis; microRAMAN spectroscopy, 
etc.) and optical methods (Thermal Alteration Index - TAI. Spore 
Color Index - SCI, Palynomorph Darkness Index – PDI, Vitrinite 
Reflectance - VR). This study aimed to evaluate the effectiveness 
of PDI, a recently described, easy method for defining the thermal 
maturity of organic matter, based on the use of a transmitted light 

microscope with digital imaging capacity and software capable of 
simple image analysis. Rock-Eval Pyrolysis analysis from Well-8 
showed that all core-samples fall within the oil window while the 
organic matter from samples of the Darreh Yas section is overma-
ture with respect to oil generation. Similar results were obtained 
with MicroRaman spectroscopy and Vitrinite Reflectance determi-
nation. PDI values were calibrated with Rock-Eval Pyrolysis data 
from both the Darreh Yas section and Well-8. When all the data 
are plotted, PDI shows a generally positive linear correlation with 
Tmax, consistent with the increase of PDI with increasing maturi-
ty. PDI values are also consistent with the MicroRaman spectrosco-
py and Vitrinite Reflectance data. These results confirm the value 
of PDI as an independent, rigorous and easy method for the esti-
mation of the thermal maturity of organic matter.
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BIOSTRATIGRAPHY AND DEPOSITIONAL SETTING OF PERMIAN DEPOSITS IN AJABSHIR 
AREA (CENTRAL IRAN BASIN).
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This study aims to a biostratigraphical and palaeoenvironmental 
characterization of a Permian stratigraphic succession cropping 
out in the Ajabshir area (North-western Iran). The continue and 
well-exposed section comprises the Vazhnan, Surmaq, Abadeh 
and Hambast formations. The Vazhnan Formation is character-
ized by quartzarenite with siltstone and shale intercalation. The 
overlying Surmaq Formation mainly consists of fossiliferous, dark 
limestone. Similar lithological features were recognized in the 
basal part of the overlying Abadeh Formation. The middle part 
consists of calcareous beds with silty intercalation. The Hambast 
Formation is characterized by an alternation of marly limestone 
and shales. The uppermost part of this formation is marked by the 
“Boundary Clay” representing the P/T horizon. Facies, microfacies 
and palynofacies analyses suggest that the Vazhnan Formation 
deposited in a coastal marine environment, the Surmaq Fm. and 
basal Abadeh Fm. in the inner and middle part of a mixed carbon-
ate siliciclastic ramp, the upper Abadeh Fm. in the outer ramp and 
the Hambast Fm. in a more distal basinal setting. An integrated 
study based on palynomorphs and foraminifers has been carried 
out throughout the section. Only the Vazhnan Formation yield-
ed a well preserved and diversified palynological assemblage. The 
microflora is marked by the presence of pollen grain as Alisporites 
nuthallensis, Alisporites spp., Corisaccites alutas, Distriatites insoli-

tus, Hamiapollenites dettmannae, Striatopodocarpites spp., Sulcatis-
porites ovatus and Florinites flaccidus, Plicatipollenites malabarensis, 
Potonieisporites novicus and. palynomorph as Reduviasporonites 
chalastus is common. Trilete spore rarely occurs. Palynological as-
semblage shows close morphological similarities with OSPZ5 doc-
umented from the Upper Gharif Member in Oman and attributed 
to Roadian-early Wordian. No palynomorphs, with exception of 
the upper Hambast Formation, were recorded in the remain part 
of the succession. Nevertheless, the Surmaq and Abadeh forma-
tions were biostratigraphically characterized by the foraminifer 
content. The Wordian fusulind Dunbarula simplex - Codonofusiella 
shubertellaeformis Assemblage Biozone marks the overlying basal 
Surmaq Formation. The middle part of the Abadeh Formation re-
cords the Ichthyofrondina palmata Biozone. The most part of the 
Hambast Formation results to be barren both for foraminifers and 
palynomorphs. Only from the upper part of the formation, close 
the P/T boundary, R. chalastus has been found. The present bio-
stratigraphic and sedimentological results provide new data for 
reconstructing the paleogeographic position of the Central Iran 
during this time interval, confirming recent studies considering 
the Central Iran as located close to Northeastern margin of Gond-
wana palaeocontinent during Guadalupian and at sub-equatorial 
latitudes during Lopingian.
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RESPONSE OF FIRE ACTIVITY TO HOLOCENE RAPID CLIMATE CHANGES, INFERRED 
FROM HIGH-RESOLUTION EUROPEAN CHARCOAL RECORDS
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Although generally perceived as climatically stable, the Holocene 
was characterised by a succession of abrupt, centennial-scale shifts, 
also known as rapid climate changes (RCCs). At mid to high lati-
tudes, RCCs are described as cool events, often associated with a de-
crease in moisture and suggested to occur with periodicities of 1470 
± 500 years. However, evidence from multiple records indicates a 
wide-ranging manifestation of RCCs in Europe, with contrasting spa-
tial characteristics and impacts. Yet, this evidence does not investigate 
the spatial sensitivity of fire activity to short-term Holocene climatic 
variations. Fire is one of the key natural disturbance agents, influenc-
ing terrestrial ecosystems and biodiversity, vegetation distribution 
and structure. Because climate is a dominant control on fire activity, 
regulating vegetation productivity and fuel moisture, here we sought 
to investigate linkages among fire and RRCs, using 7 high-resolution 
macroscopic charcoal records accross Europe. Information on vege-
tation and climate dynamics was extracted from published literature.  
 
We address the following questions: 
i) Are there changes in burning patterns associated with the 
RCCs? Are these changes region-specific and/or site-specific? 
ii) To what extent the response of fire to RCCs is enhanced by local driv-

ers such as vegetation composition, land-use change and/or humans? 
iii) Is there any statistical periodicity in the fire signal at the sites? 
 
We found regional contrasting trends in fire activity, with northern re-
gions burning more during the 10.3, 9.4, 5.9, 4.2, and 2.8 ka BP events, 
whereas continental regions during the 11.1, 8.2 and 1.4 ka events. This 
would suggest a strong forcing of the large-scale climate through changes 
in moisture availability, likely by a shift towards more southerly wester-
lies during the 10.3, 9.4, 5.9 and 2.8 ka events, and a weakening of west-
erlies during the 11.1, 8.2 and 1.4ka events. Fire response to RRCs in low 
fuel availability regions, such as C-E European lowlands, was stronger 
when fuel was more abundant, whereas in N and NE Europe the response 
was stronger when vegetation was dominated by more flammable spe-
cies and with increasing openness. At the Holocene scale, spectral anal-
ysis results suggest there is a statistical periodicity in the fire signal, sim-
ilar to the 1400 ± 500 year RCC cyclicity reported for the North-Atlantic 
Area. This periodicity was found in the 1300-1800 year band for the Ear-
ly Holocene, the 700-1100 year band for the Late Holocene respectively. 
 
Our findings provide new insights for understanding teleconnections 
in fire activity during RCC events.
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HOLOCENE FIRE HISTORY OF THE BRITISH ISLES

Claire Jones1, Jennifer Clear2 
1Edge Hill University, Ormskirk, United Kingdom. 2Liverpool Hope University, Liverpool, United Kingdom 

Fire is part of the natural disturbance dynamics of many systems.  
Understanding of fire history and the key drivers of fire are increas-
ingly important for those involved in conservation and manage-
ment, including sites in the British Isles.  There are many records 
from across the British Isles which record fire activity throughout 
the Holocene, however limited work has been done to assess if 
there are any spatio-temporal trends and the implications these 
may have for our understanding of fire as a natural disturbance 
mechanism.   This study uses existing sedimentary charcoal re-
cords from across the British Isles to reconstruct Holocene fire his-

tory.  This reconstruction will seek to address a key question asked 
by palaeoecologists and archaeologists about the nature of fire in 
the Holocene environment, specifically whether it is driven by an-
thropogenic activity or climatic change.  Spatio-temporal analysis 
of this data provides evidence of a changing fire regime, with lim-
ited burning in the early Holocene, likely to have been driven by 
climate.  The mid- to late Holocene reveals an increase in burning 
across much of the British Isles, followed by a marked decline in 
the last 500 years, indicative of anthropogenic influence.
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REGIONAL, LOCAL AND ANTHROPOGENIC VEGETATION AND CLIMATE CHANGES IN 
NORTH-WESTERN RUSSIA DURING THE HOLOCENE

Maria Nosova1, Elena Novenko2, Elena Severova3, Olga Volkova3 
1Main Botanical Garden Russian Academy of Sciences, Moscow, Russian Federation. 2Moscow State University, Geography 

Faculty, Moscow, Russian Federation. 3Moscow State University, Biology Faculty, Moscow, Russian Federation 

The new pollen, plant macrofossil and radiocarbon data from 
three peat bogs located in the area of the Polistovo-Lovatskaya 
Mire System (Pskov Region, northwest of the European Russia) 
were used for reconstruction of the Holocene vegetation history 
on local and regional levels. The mean annual temperature and 
precipitation were reconstructed from pollen data using the Best 
Modern Analogue technique. The obtained results show that the 
development of the Polistovo-Lovatskaya Mire System included 
several stages: 1) 10500-10000 cal yr BP, paludification of shallow 
lakes; 2) 10000-9400 cal yr BP, existence of floating mats and eutro-
phic mires; 3) 9400-6500 cal yr BP, mesoeutrophic mire complexes 
terminated with junction of separate peatlands to entire massive; 
4) 6000-4000 cal yr BP, slow vertical peat growth; 5) 4000-1500 cal 
yr BP ombrotrophication process; 6) 1500 cal yr BP– present, the 
rapid vertical peat growth.

According to high resolution pollen records the study area was 
covered by birch and pine-birch forests between 10500 and 7700 
cal yr BP, then the broadleaved forests occupied the region. The 
broadleaved trees reached the maximum abundance between 
3500 and 2500 cal yr BP. During the Late Holocene spruce forests 
become dominant, the maximum of Picea pollen were detected at 
2000, 1800-1000 and 800-400 cal yr BP.

The climatic reconstruction revealed several features, character-
istic for Holocene in Europe such as “event 9400”, “event 8200” 
and considerable fluctuations in the Early Holocene. On the other 
hand, the Middle Holocene was stable warm until 2500 yr cal BP 
without expected cooling at ca. 5500 cal yr BP.  The transition from 
mid-Holocene thermal maximum to the next period appears to be 
without considerable climatic transformations.

Evidences of human induced vegetation disturbance were iden-
tified in follow periods: 1) the Neolithic, 4,200-4,000 cal yr BP, 
first appearance of Cerealia pollen without increase of landscape 
openess; 2) the Bronze Age, 2,500-2,300 cal yr BP - the regular ap-
pearance of Cerealia pollen accompanied with the decrease of Pi-
cea and broadleaved tree pollen values; 3) the Early Medieval time, 
ca. 1000 cal. BP - the Slavic colonization with expansion of agri-
culture and continued degradation of primary forests; 4) the Late 
Medieval time, 400-500 cal BP,  maximum of Cerealia pollen value 
and noticeable disturbance of the plant cover.

This work was supported by the Russian Foundation for Basic Re-
search, grants 14-04-01405 and 17-04-01034
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THE VALUE OF COMPARING MULTIPLE SITES IN RECONSTRUCTING LANDSCAPE 
HISTORY: CLIMATE, VEGETATION AND HISTORY FROM TWO LAKES IN THE RIETI 

BASIN, CENTRAL ITALY

Irene Tunno1, Scott Mensing2, Leonardo Sagnotti3, Fabio Florindo3, Paula Noble2, Claire Archer2, Susan 
Zimmerman1, Gianluca Piovesan4 

1Lawrence Livermore National Laboratory, Livermore, USA. 2University of Nevada, Reno, Reno, USA. 3Istituto Nazionale di 
Geofisica e Vulcanologia, Rome, Italy. 4Università degli Studi della Tuscia, Viterbo, Italy 

The Mediterranean area is intensively affected by anthropogenic 
impact from human activities (i.e. grazing, forest cutting and fire), 
which started to alter natural systems over 10000 years ago. At the 
same time, human society has been influenced by natural climatic 
change. This mutual influence results in a complex interaction be-
tween humans and the environment that contribute to the devel-
opment of vegetation history. During the last millennium, central 
Italy has been affected by intense human activities and climatic 
change that led to severe impact on the landscape. We present the 
reconstruction of the landscape history in the Rieti Basin through 
multi-proxy records such as pollen, non-pollen palynomorphs 
(NPP), charcoal, rock magnetism, palaeomagnetism, sedimentol-
ogy, and geochemistry of cores from Lago Lungo and Lago di Ripa-
sottile. The two lakes are remnants of an ancient bigger lake, Lacus 
Velinus, reclaimed by a system of artificial channels opened by the 
local population since the Roman period. The lakes are only 2 km 
apart and have been periodically connected by the channel sys-
tem. Despite their close proximity and periodic connection, these 
lakes preserve different records of landscape change, potentially 
because Ripasottile has received higher inputs from the major river 
in the area, the Velino, and potentially because land-use practic-

es were spatially highly variable. The Lungo sediments span 2700 
years in 14.37m while Ripasottile has a higher sedimentation rate; 
1300 years in 12.40m. The higher sedimentation rate in Ripasottile 
together with a higher percentage of chestnut pollen than Lungo, 
suggests greater inputs of fluvial sediment and pollen originating 
at higher elevations through the Velino River. Both lakes show a 
dramatic decrease in forest taxa percentage during the Medie-
val period (900-1400CE) and an abrupt increase during the early 
modern time starting around 1450CE. In contrast, the disturbance 
taxa, mostly related to agricultural and grazing activities, reveal a 
different human impact on the lakes. Ripasottile pollen spectrum 
is characterized by a high percentage of grass and disturbance taxa 
throughout the entire period of analysis, whereas the Lungo core 
shows phases dominated by woodland, phases dominated by grass 
and disturbance taxa, particularly during the Medieval period. 
The comparison between these two lakes confirms that human 
impacts on the environment are spatially heterogeneous, and 
multiple sites in addition to a multi-proxy approach are important 
to fully understand the dynamics and the response of the vegeta-
tion to climatic and human-induced change in a highly impacted 
environment such as the Mediterranean region.
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SEEING THE TREES FOR THE WOODS: DIVERSITY VS. DISPARITY IN MISSISSIPPIAN 
LIGNOPHYTE TREES.

Anne-Laure Decombeix1,2, Brigitte Meyer-Berthaud1, Jean Galtier1 
1CNRS-UMR AMAP, Montpellier, France. 2University of Kansas, Lawrence, USA 

The Mississippian sees a major increase of the number of trees 
within the lignophytes, the clade that includes the now extinct 
progymnoperms and the seed plants.  While they were only rep-
resented in the Devonian by the emblematic progymnosperm 
Archaeopteris, about 15 genera have to date been described in the 
Mississippian, mostly in volcanically influenced environments of 
the tropical belt. This informal and likely paraphyletic group of 
trees encompasses a great range of cortical and vascular anatomies 
and is a good candidate to compare systematic diversity and mor-
pho-anatomical disparity in the plant fossil record. In this talk, 
we will more specifically explore some systematic, evolutive, and 
functional questions raised by the disparity of their wood anato-
my.

We will first provide an overview of the significant wood disparity 
among these trees. They show a significant range of variation for 
important characters (tracheid diameter, radial pitting, ray size, 
etc), and some possess unique combinations of characters. In some 
cases their wood fits in the “classic” morphogenera Agathoxylon or 
Dadoxylon, others like Dameria or Protopitys are more comparable 
to Mesozoic morphogenera of uncertain affinities. The wood with 
small diameter tracheids and large rays up to 8 cells wide and over 

100 cells high of large Mississippian trees such as Pitus or Megalo-
myelon has no equivalent among extant seed plants.

In a second step, we will look at these diverse wood anatomies in 
combination with other characters that have a stronger taxonom-
ic value, especially primary vascular anatomy, and discuss how 
this raises important questions about plasticity, convergence, and 
biases in estimating plant diversity from isolated wood fragments. 
Different species within a genus of Mississippian lignophyte tree 
can have a different type of wood, especially in terms of ray size. 
On the other hand, several genera that differ widely in their pri-
mary vascular anatomy display a comparable wood anatomy. For 
example there are several genera that have a wood comparable to 
that of the different species of Pitus but that differ widely in terms 
of primary xylem strands number, size, maturation, as well the 
mechanism of leaf trace production, leaf trace anatomy and phyl-
lotaxis, and/or bark anatomy.

Finally, we will discuss how this disparity compares to that of co-
eval non-arborescent lignophytes taxa and present future avenues 
of research investigating the functional properties of these woods.
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AFFINITIES AND HYDRAULIC PROPERTIES OF LATE DEVONIAN ARCHAEOPTERIDS 
FROM ANTI-ATLAS, MOROCCO

Mélanie Tanrattana1,2,3, Jean-François Barczi4,3, Anne-Laure Decombeix5,3, Brigitte Meyer-Berthaud5,3, Jonathan 
Wilson6 
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5CNRS, Montpellier, France. 6Department of Biology, Haverford College, Haverford, USA 

The progymnosperm Archaeopteris (Archaeopteridales) formed 
widely-distributed forests in the Late Devonian and was the first 
arborescent genus showing a dense conifer-like wood. Nineteen 
species of Callixylon (a form-genus for anatomically preserved 
roots, stems, and branches of Archaeopteris) have been described 
to date based on wood characters, especially the structure and di-
mensions of the rays. It is believed that the success of Archaeopteris 
is partly associated with its well-developed wood which played a 
significant role in both water conduction and mechanical sup-
port. Here we investigate the relationships between the anatom-
ical, systematic, and functional diversity of Archaeopteris through 
the study of a collection of specimens of Callixylon from the 
Famennian locality of Mader el Mrakib in Anti-Atlas (south-east-
ern Morocco). The affinities of two specimens showing sclerotic 
nests in the pith were examined using qualitative and quantitative 
data obtained from light microscopy and image analysis. While 
the two specimens show small anatomical differences interpret-
ed as intra-specific variability, they share a combination of traits 
not found previously in Callixylon. They are assigned to Callixylon 
wendtii, a new species that falls within Orlova and Jurina’s ‘eria-
num’ group. This additional species reported from Mader el Mrakib 
suggests favorable conditions for the establishment of a diverse 

community of Archaeopteris/Callixylon trees in this part of Gond-
wana during the early Famennian. 

Parallel to the systematic study, the hydraulic traits of the two spec-
imens of C. wendtii were investigated using an analogy between 
hydraulic properties of conductive tissues of a plant and electric 
properties of an electronic circuit. We first used Wilson’s mathe-
matical model that assesses the conductivity of single tracheids 
based on anatomical measurements such as tracheid length and 
diameter, pit morphology and density. In a second step, putting 
some virtual tracheids together, we developed an extension of this 
model to the tissue scale. This new model allows us to take into 
account anatomical differences not visible at the single-tracheid 
level, such as tracheid density and the presence of rays of variable 
size. Indeed, while the hydraulic properties of a single tracheid are 
close between the two specimens of C. wendtii, application of the 
new model yields differences due to their intra-specific anatomical 
disparity. The comparison of hydraulic properties of the different 
species of Callixylon occurring at Mader el Mrakib suggests that the 
anatomical disparity of the wood resulted in a functional diversity 
within the genus, providing Archaeopteris/Callixylon trees the plas-
ticity to adapt to various environmental conditions.
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ABIES: A DATABASE FOR SOFTWOOD IDENTIFICATION

Llopis Lucas1, De Franceschi Dario1, Gorse Mathilde1, Kerner Adeline1, Robin Ninon1, Tanrattana Mélanie1, 
Philippe Marc2, Saedlou Nima3, Salel Nicole4, Boura Anaïs1 
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Softwoods constitute an important part of the plant macro-re-
mains that are found within the Carboniferous to the most recent 
fossil deposits. Their taxonomical study is mostly made possible 
thanks to classical references (Philips 1948, Greguss 1955, Esteban 
2004, Philippe & Bamford 2008). As for hardwoods, in addition 
to similar standard publications, a dedicated database has started 
being developed seven years ago (Insidewood - Wheeler 2011). To-
day, Insidewood constitutes a very useful and indispensable tool, 
which allows online identifications for extant and fossil hard-
woods. Despite their abundance in fossil deposits, no tool dedicat-
ed to softwoods has been developed yet.   

To fill this gap, we initiated the implementation of a softwood 
database, ABIeS, on the biodiversity collaborative management 
platform Xper3 (Ung et al. 2010). The descriptive model is mainly 
based on IAWA list of softwood features (IAWA committee 2004) 
but, we also propose original features linked for instance to cell size 
and cross-field characteristics. As a first step, we tried as much as 
possible to illustrate the softwoods diversity using local resourc-
es. Therefore, extant species were chosen among the one hosted 
at the MNHN-xylarium, Paris, whereas fossil species where chosen 

from the collection Boureau (UPMC, Paris).  

We finally carried a global analysis of the database in order to bet-
ter understand the softwood variability regarding systematics and 
ecology.

This project, although initiated within the CR2P in Paris has a col-
laborative aim. We invite all the researchers who are interested by 
the wood anatomy of extant and fossil conifers to join us.

Esteban, L. G., de Palacios, P. D. P., Casasús, A. G., & Fernández, 
F. G. (2004). Characterisation of the xylem of 352 conifers. Forest 
Systems, 13(3): 452-478.

Greguss, P. (1955). Identification of living gymnosperms on the 
basis of xylotomy. Akademiai Kiado, Budapest. 263 pp.

IAWA committee (2004). IAWA list of microscopic features for soft-
wood identification. IAWA J, 25(1): 1-70.

Philippe, M., & Bamford, M. K. (2008). A key to morphogenera 
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Phillips, E.W.J. 1948. Identification of Softwoods. Forest Products 
Research Bulletin 22, 56 p.

Ung, V., Dubus, G., Zaragüeta-Bagils, R., Vignes-Lebbe, R. 2010. 
Xper2: introducing e-taxonomy. Bioinformatics, 26 (5): 703-704.

Wheeler, E.A. (2011). InsideWood - a web resource for hardwood 
anatomy. IAWA J. 32 (2): 199-211.

O115

DIVERSITY IN CENOMANIAN FORESTS : AN EXAMPLE FROM THE ENVIGNE VALLEY 
(VIENNE, FRANCE)

Saulnier Gwenaelle1, Boura Anaïs1, Gomez Bernard2, Daviero-Gomez Véronique2, De Franceschi Dario1, Pons 
Denise3, Robin Ninon1, Garcia Géraldine4, Boiteau Jean-Marie5, Valentin Xavier4 

1Centre de Recherche sur la Paléobiodiversité et les Paléoenvironnements (CR2P, UMR 7207), Sorbonne Université, Muséum 
national d’Histoire naturelle, CNRS, 57 rue Cuvier, 75231, Paris, France. 2CNRS-UMR 5276 Terre, Planètes, Environnement, 
Université Lyon 1, 69622, Villeurbanne, France. 3Centre de Recherche sur la Paléobiodiversité et les Paléoenvironnements 
(CR2P, UMR 7207), Sorbonne Université, Muséum national d’Histoire naturelle, CNRS, 53 rue Cuvier, 75231, Paris, France. 

4Laboratoire de Paléontologie, Evolution, Paléoécosystèmes et Paléoprimatologie (PALEVOPRIM, UMR7262 CNRS INEE), 
Université de Poitiers, 6, rue Michel-Brunet, 86073, Poitiers, France. 581 Avenue Jean Mermoz, 86100, Châtellerault, France 

In the last years, thousands of silicified wood fragments were col-
lected from the middle Cenomanian of two localities in the Envi-
gne valley, western France. These two plant fossil assemblages are 
exceptional for both the high species diversity and the exquisite 
tissue preservation as well as their association with animal re-
mains. For instance, wood commonly found in contemporaneous 
deposits is there often preserved with medulla, bark or both. Tere-
dinid bivalves with soft parts emerging out of some wood speci-
mens were also observed.

As far as taxonomy is concerned, conifers are the most abundant 
and diversified with at least five taxa belonging to Araucariaceae, 
Cheirolepidiaceae, Podocarpaceae, and Pinaceae. They represent 
around 89% of the megafossils. They consist of large trunks trans-

ported into an estuarine or a nearshore environment. Besides less 
abundant, being around 11%, and of smaller diameter, Angio-
sperms have a higher diversity with at least seven taxa. In particu-
lar, a vessel-less angiosperm closely resemble the living Winterace-
ae. A few specimens, around 0.1%, correspond to the emblematic 
Cretaceous tree fern Tempskya Corda. 

Although angiosperm pollen grains and leaves have been fre-
quently reported from the Cenomanian of western France, con-
temporaneous wood described so far mostly consists of lignite and 
conifer genera. These two new plant fossil assemblages are thus 
of great interest in our knowledge of the record and rise to domi-
nance of Cretaceous angiosperms in Europe and worldwide.
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FOSSIL CERCIS L. (LEGUMINOSAE) FROM THE EOCENE OF WESTERN NORTH AMERICA 
AND THEIR PHYTOGEOGRAPHIC AND PALAEOCLIMATIC IMPLICATIONS

Hui Jia1, Steven Manchester2 
1Xi’an Shiyou University, Xi’an, China. 2Florida Museum of Natural History, University of Florida, Gainesville, USA 

Improved understanding of the fossil record of Cercis L. provides 
the basis for reconstructing the evolution and the radiation of 
Caesalpinoideae. The genus can now be traced back to the late 
Eocene of western North America on the basis of fossil fruits and 
foliage from Oregon and Colorado.

We present a new occurrence of Cercis leaf fossils from Teater Road, 
Oregon (~36 Ma), that conforms to the species Cercis parvifolia 
Lesquereux, previously recognized from Florissant, Colorado (~34 
Ma). Associated pods of Cercis herbmeyeri sp. nov. represent the ear-
liest confirmed fossil fruits of Cercis. In their indehiscent pods with 
a winglike flange along one margin, the fossils correspond to the 

main clade of Cercis rather than to the phylogenetically distinct 
extant species Cercis chingii Chun. The late Eocene records have a 
lamina shape consistent with a mesic habitat but relatively small 
leaf size, which might indicate adaptation for more seasonal con-
ditions.

A review of other occurrences that we accept from the literature 
indicates that Cercis was established by the late Eocene and that 
the genus was widespread in the Northern Hemisphere by the 
Miocene, although some earlier paleobotanical reports must be 
rejected.
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EXTRACTING BIOGEOGRAPHIC/ECOLOGICAL SIGNAL FROM PAPILLATE CUPRESSACEAE 
(FORMER TAXODIACEAE) POLLEN – POSSIBILITIES AND LIMITATIONS

Johannes M. Bouchal 

Naturhistoriska riksmuseet, Stockholm, Sweden. University of Vienna, Vienna, Austria 

The subfamilies Sequoioideae, Taxodioideae, and Cunningha-
mioideae within the Cupressaceae are frequently found as dis-
persed pollen in the Cenozoic record. Today, the genera of these 
subfamilies occupy distinct ecological niches and therefore are 
considered reliable environmental proxies. Moreover, they show 
highly disjunctive extant distributions. It has long been known 
that the modern distribution is relictual and therefore the pres-
ence of these taxa in the fossil record has limited biogeographic 
information. In contrast, it is commonly assumed that (i) papillate 
cupressaceous pollen can be identified to genus level and (ii) that 
ecological niches of extant taxa can be extrapolated to fossil taxa. 
Studies by Schneider (1992) and Dolezych & Schneider (2007) on 
in situ wood and dispersed cuticle samples from Miocene lignite 
mines indicated that Cryptomeria, Sequoia, and Cunninghamia 
thrived in habitats not realized by their extant relatives. Further, 
in this study, pollen of extant Cunninghamioideae [Cunninghamia 
konishii Hayata, C. lanceolata (Lamb.) Hook], Sequoioideae [Meta-
sequoia glyptostroboides Hu & W.C.Cheng, Sequoiadendron gigante-
um (Lindl.) J.Buchholz, Sequoia sempervirens (D.Don) Endl.],  and 
Taxodioideae [Cryptomeria japonica D.Don, Glyptostrobus pensilis 
(Staunton ex D.Don) K.Koch, Taxodium distichum (L.) Rich., T. 
mucronatum Ten.] was investigated using LM and SEM. The main 

aim was to document the highly uniform pollen morphology of 
this group of papillate pollen and, secondly, to compare the ob-
served patterns of morphological variability with the fossil record. 
So far my studies showed that unambiguous determination to the 
genus level of dispersed fossil papillate pollen, even when investi-
gated with SEM, is in most cases impossible. A few exceptions are 
exceptionally well preserved pollen. Hence we have to conclude 
that the biogeographic and ecological signals of fossil papillate 
taxodiaceous pollen is broad and not as well defined as common-
ly assumed. This needs to be taken into consideration when using 
taxon based methods to infer palaeoenvironments and biogeo-
graphic patterns.

References:

Dolezych, M., Schneider, W., 2007.  Taxonomie und Taphonomie 
von Koniferenhölzern und Cuticulae dispersae im 2. Lausitzer 
Flözhorizont (Miozän) des Senftenberger Reviers. Palaeontogr. 
Abt. B 276, 1–95.

Schneider, W., 1992. Floral successions in the Miocene swamps 
and bogs of CentralEurope. Z. Geol.Wiss. 20, 555–570.
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THE EARLY MIOCENE (BURDIGALIAN) FLORA OF KIMI (EUBOEA) REVISITED: 
BIOGEOGRAPHY AND PALAEOECOLOGY
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The Burdigalian flora and fauna of Kimi (Kumi), municipality 
Kimi-Aliveri, Euboea, Central Greece, have been intensively stud-
ied by vertebrate palaeontologists and palaeobotanists. The age 
of the plant-bearing strata is well-constrained by micromammals 
and is considered to be Burdigalian in age. While the carpologi-
cal record (fruits and seeds) of the Kimi-Aliveri Basin has been in-
vestigated in more recent times, the macrofossil record (dispersed 
leaves) has not been revised since the early publications by Ung-
er and Saporta in the 19th century. A preliminary revision has 

been undertaken while preparing a field guide for the 6th EPPC 
in Athens in 2002. Here, I present newly excavated material from 
the Burdigalian Kimi section. I describe the Kimi flora in terms of 
abundance of different taxa, taphonomy, and broad biogeograph-
ic affinities of the plant taxa determined at least to family level. 
In particular, I focus on rare elements in the flora (cycads, Smilax, 
Berberis Group Orientalis, Mastixia, Tilia etc.) and how they are 
biogeographically connected to other Oligocene and Miocene 
floras of western Eurasia.
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ECOSYSTEMS
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In modern forest ecosystems, tree-ring research encompasses a 
large field of analytical methods, which contribute to the under-
standing of plant physiological functions, forest growth dynam-
ics, environmental disturbances and climatic variations, both in 
space and time. In the fossil record, dendrochronological and –
ecological methods can be potentially applied, if 1) the trees were 
growing in a distinctly seasonal palaeoclimate triggering tree-ring 
formation, and 2) the fossil assemblage was formed within a short 
time period, e.g. T0 assemblages. Two study sites from the early 
Permian Northern Hemisphere equatorial Pangaea are presented, 
located in South-eastern (Chemnitz Basin) and Western Germa-
ny (Saar-Nahe Basin), which fulfil the preconditions mentioned 
above.

The Chemnitz Fossil Forest represents a true, volcanically pre-
served T0 assemblage of predominantly hygrophilous vegetational 
elements, which once grew in a “wet spot” ecosystem on an alluvial 
plain under seasonally dry conditions. Tree-ring analysis revealed 
plant-specific variations of ring morphology probably indicating 
different plant-physiological adaptations to seasonal droughts. 

Ring width variations suggest moderate environmental stress to 
the plants, but show significant periodical fluctuations in a scale 
of 10.6 yrs, which is interpreted as a signal of the 11-yr solar cycle. 
Additionally, scars in several stems shed light on various kinds of 
growth interruptions caused by severe environmental impact.

The second study site is part of the early Permian Donnersberg 
Formation in the Saar-Nahe Basin, and thus of similar age as the 
Chemnitz Fossil Lagerstätte. Petrified plant axes are preserved 
within a clastic mass-flow deposit with volcaniclastic compo-
nents. The taphonomic situation is still under discussion, but 
comparison of tree-ring sequences seems to point to a T0-like char-
acter. Compared to the Chemnitz Fossil Forest, tree-ring variations 
seem to reflect increased environmental stress during tree growth, 
which could be traced back to a variety of factors, such as water 
availability, sedimentary regime or topography.

In conclusion, results from both study sites show that tree-ring 
analysis can be an additional promising tool in environmental re-
constructions of fossil terrestrial ecosystems.
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PALEOTRAITS AND PALEOPROXIES – THE LEGACY OF BILL CHALONER

Jennifer McElwain 

Trinity College Dublin, Dublin, Ireland 

Bill Chaloner was a revolutionary in palaeobotany, particularly 
in the development and application of palaeoproxies.  He was in-
strumental in the development of fossil charcoal proxies to recon-
struct atmospheric oxygen content, stomatal density as a proxy for 
atmospheric CO2 level and the use of wood anatomical traits as pa-
laeoclimatic indicators. All of these palaeoproxy approaches rely 
on the observation and quantification of a fossil plant trait which 
has a known relationship with some abiotic factor, such as mean 
annual temperature, CO2 concentration, seasonality etc. TRY, a 
neobotanical database of plant traits defines a trait as “morpho-
logical, anatomical, biochemical, physiological or phenological 
features of individuals or their component organs or tissues”. The 
traits of plants and how they are geographically distributed and re-
spond to climatic gradients are increasingly being used in a neobo-
tanical context to better predict how ecosystems are likely to adapt 
to future global change. The majority of trait-climate studies use 

climatic gradients in geographic space as an analogue for temporal 
changes in that climate parameter. This approach is limited by the 
fact that concurrent changes in atmospheric composition cannot 
be captured in ‘space for time’ studies. The burgeoning develop-
ment of palaeoecological traits which correlate with leaf-level or 
whole plant function, such as  palaeotrait proxies for leaf mass per 
area and maximum stomatal conductance (Gmax) are beginning to 
open up the possibility of investigating how ecological traits can 
adapt on evolutionary time scales and alter ecosystem function in 
response to climate change directly via phenotypic trait plasticity 
and/or indirectly through an alteration in the  relative abundance 
distribution of species bearing those traits. This presentation will 
provide a review of recent advances in the development and appli-
cation of palaeoecological traits and a demonstration of how they 
can be used in conjunction with palaeoatmospheric proxies to ex-
amine past ecosystem function, stability and change.
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STOMATAL FREQUENCY OF QUERCUS GLAUCA SAMPLES FROM THREE SOURCES 
SHOW THE SAME NEGATIVE RESPONSE TO PCO2: A POTENTIAL PROXY FOR PALAEO-

CO2 CONCENTRATIONS

Jin-Jin Hu, Zhe-Kun Zhou 

Xishuangbanna Tropical Botanical Garden, Chinese Academy of Sciences, Mengla, China 

The inverse correlations between atmospheric CO2 partial pres-
sure (pCO2) and stomatal frequency [expressed as stomatal density 
(SD) or stomatal index (SI)] in many species of C3 plants have been 
widely used to infer palaeoatmospheric CO2 (palaeo-CO2) concen-
trations. However, the results obtained have been quite variable. 
The application of multiple palaeo-CO2 proxies to stomata of re-
lated fossils is essential to improve the robustness of palaeo-CO2 
estimates.

This study attempts to find a potential new proxy to estimate 
palaeo-CO2 concentrations by analysing stomatal frequency in 
Quercus glauca (belonging to Quercus subgenus Cyclobalanopsis, 
Fagaceae), an extant dominant species of East Asia subtropical 
forests with abundant fossil relatives. The samples were collected 
from three sources: extant field samples collected from five indi-
viduals at each of 14 sites at altitudes ranging from 142 to 1555 m, 
i.e. pCO2 32.89-38.84 Pa; historical herbarium samples collected 
from 18 specimens spanned a time period from 1930 to 2011, i.e. 
pCO2 27.50 to 33.86 Pa; and seedlings growing for one year in the 
climatic chambers for CO2-elevated experiment (four chambers 
with ambient air and CO2 concentrations of approx. 400, 700, 
1000 and 1300 ppm, respectively). A significant negative correla-

tion between stomatal frequency and pCO2 was found respectively 
for Q. glauca samples from these three sources. Moreover, calibra-
tion curves constructed by combined stomatal frequency of ex-
tant field samples collected along an altitudinal gradient and his-
torical herbarium samples showed higher regression quality (SD = 
-20.33pCO2 + 1308.05, R2=0.652, P < 0.001; SI = -0.32pCO2 + 22.93, 
R2=0.645, P < 0.001) than the separate ones because the combined 
curves expanded pCO2 range.

There have been few studies to use these three sources of plant 
samples to investigate the responses of stomatal frequency to 
pCO2. Quercus glauca shows the same response for samples from 
these three sources, indicating that it is sensitive to changes of 
pCO2 and is a good potential proxy for palaeo-CO2 levels. Quercus 
subgenus Cyclobalanopsis plants are very common in the Cenozoic 
of East Asia; they have successive fossil records from the Eocene to 
Pliocene and have become one of the dominant taxa in East Asia 
subtropical forests since the Miocene. These fossils provide ideal 
material to use the combined inverse SD/SI-pCO2 correlations in 
Q. glauca to reconstruct palaeo-CO2 concentrations during the 
middle to late Cenozoic.
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USING PLANT GAS-EXCHANGE PRINCIPLES TO RECONSTRUCT CO2: EXPLORATION OF 
A METHOD AND APPLICATION TO THE END-CRETACEOUS AND EARLY PALEOCENE

Dana Royer1, Peter Franks2, Kylen Moynihan1, Melissa McKee1, Joseph Milligan1,3, Jennifer Kowalczyk1,4, Carlos 
Jaramillo5 

1Wesleyan University, Middletown, USA. 2University of Sydney, Sydney, Australia. 3Baylor University, Waco, USA. 4Brown 
University, Providence, USA. 5Smithsonian Tropical Research Institute, Balboa, Panama 

Franks et al. (2014, Geophysical Research Letters 41: 4685-4694) de-
veloped a method for estimating atmospheric CO2 that harnesses 
the feedbacks that link leaf assimilation rate, leaf conductance, 
and the CO2 gradient between the atmosphere and intercellular 
spaces. The three required measured inputs are stomatal density, 
stomatal size, and leaf δ13C. Advantages of the method include: it 
is explicitly mechanistic; most stomatal-bearing vascular species 
can be used, including species where one or more of the measured 
inputs is insensitive to CO2 (e.g., stomatal density); and uncertain-
ties in the CO2 estimates remain well-bounded, even when esti-
mated CO2 is high.

Here we test in living plants model performance. The average error 
rate among 54 species of ferns, gymnosperms, and angiosperms, 
11 of which we grew at both ambient and elevated CO2, is ~20%. 
This compares favorably to other paleo-CO2 methods and is small-
er than the propagated uncertainties associated with individu-
al estimates (typically around +35% / -25% at 95% confidence). 
Leaves that grew in the lowermost 1-2 meters of closed forest 
canopies (tropical and temperate) often yield high CO2 estimates. 
This is because in these microenvironments—relative to global 

values—air δ13C is lower and CO2 concentration is higher. Using a 
two-end-member mixing model, we show that the model is work-
ing as expected for these leaves. Finally, we test the sensitivity of 
the model to air temperature, which can affect assimilation rate 
and the CO2 compensation point; the latter is used in the model 
to help calculate the relationship between atmospheric CO2 and 
assimilation rate.

We use the model to reconstruct CO2 across the end-Cretaceous 
extinction event. Fern leaves from the “fern spike” layer (102-103 
years after the bolide impact) record a 200 ppm spike in CO2 rel-
ative to pre- and post-extinction values. The magnitude of this 
spike is consistent with carbon cycle models that simulate various 
carbon release scenarios (e.g., volatilization of carbonate bedrock 
from the Chicxulub region, global wildfires, and Deccan volca-
nism). We also use the model to reconstruct CO2 from the early 
Paleocene (64.5 Ma) Castle Rock rainforest near Denver, Colorado. 
Estimates from three species are ~700 ppm and are similar to es-
timates based on two other methods (liverwort δ13C and a differ-
ent plant gas-exchange method). These elevated CO2 values are in 
keeping with the known global warmth at this time.
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VEGETATION-FIRE FEEDBACKS AND THEIR INFLUENCE ON PALAEOATMOSPHERIC 
OXYGEN

Claire Belcher1, Benjamin Mills2, Timothy Lenton3 
1wildFIRE Lab, University of Exeter, Exeter, United Kingdom. 2University of Leeds, Leeds, United Kingdom. 3University of 

Exeter, Exeter, United Kingdom 

In 1989 Bill Chaloner published a paper in the Journal of the Geo-
logical Society that linked the oxygen dependence of combustion 
to the occurrence of wildfires over the long evolutionary history 
of plants. He commented that “If the oxygen content of the atmo-
sphere ever fell below this [13-15% oxygen], wildfire presumably 
would have ceased”.   He went on to suggest that fossil charcoal 
therefore provided “a constraint on palaeoatmospheric oxygen 
levels”. The presence of fossil charcoal has since been used to test 
(e.g. Belcher and McElwain, 2008) and constrain (Glasspool and 
Scott, 2010; Belcher et al., 2010) model estimates of palaeoatmo-
spheric oxygen. This fire-oxygen linkage has led Earth system 
modellers to propose that the global regulation of atmospheric 
oxygen depends on carbon burial which is in part linked to the 

dependence of fire on pO2 and its suppression of land vegetation 
(Watson and Lovelock 2013; Lenton, 2013). In this talk I will pres-
ent work that builds on Bill’s insight in which we show that major 
evolutionary changes in ecosystems and their influence on fire 
regimes has altered the strength of ‘fire feedbacks’ thus affecting 
atmospheric O2 levels. We focus on the shift from gymnosperm to 
angiosperm-dominated ecosystems, which occurred during the 
Cretaceous period, and which have been shown to have altered 
wildfire dynamics (Belcher and Hudspith, 2016). We show using 
biogeochemical modelling that this led to tighter regulation of at-
mospheric pO2, reducing its long-term variability through to the 
present day.
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PALYNOLOGICAL DATING OF THE KAROO SEDIMENTARY ROCKS OF THE MOATIZE - 
MINJOVA BASIN (N’CONDÈZI REGION) IN MOZAMBIQUE

Paulo Fernandes1, Francesca Galasso2, Zélia Pereira3, João Marques4, Amalia Spina2 
1Universidade do Algarve, Faro, Portugal. 2University of Perugia, Department of Physics and Geology, Via Pascoli, 06123, 
Perugia, Italy. 3Laboratório Nacional de Energia e Geologia, São Mamede Infesta, Portugal. 4Gondwana Exploration and 

Mining Consultants, Maputo, Mozambique 

Karoo sedimentary rocks are well represented in Mozambique in 
various sedimentary basins, located along the Zambezi River val-
ley in Tete Province, Central-West Mozambique. The Moatize-Min-
jova Basin is one of these basins which sedimentary successions 
are regarded as the key stratigraphic sections for the Lower Karoo 
Supergroup in Mozambique, including from base to the top the 
Vúzi, Moatize and Matinde formations. This basin is also import-
ant due to its world-class coal resources and reserves present in 
the Moatize Formation. However, the palynology from the Lower 
Karoo successions in Mozambique has not been comprehensibly 
studied and only few published papers are known (Pereira et al., 
2016; Götz et al., 2017). In this work we present preliminary pal-
ynological data obtained from an extended stratigraphic section 
(ca. 1000 m thick), in borehole A1TM-058 drilled for coal explo-
ration in the N’Condèzi region, of the Moatize-Minjova Basin. 
The entire borehole consists of interbedded shales, carbonaceous 
shales, coals seams and sandstones. This borehole is one of the 
deepest drilled in this region and penetrated at the base the Meso-
proterozoic gabbros and anorthosites of the Tete Suite making the 

basement rocks. Therefore, the core of the borehole may represent 
all the stratigraphic units of the Lower Karoo in the Moatize-Min-
jova Basin. We studied shales and carbonaceous shales of the first 
100 m at the top of the borehole, which yielded well-preserved 
palynomorphs characterized by pollen grain as Guttulapollenites 
hannonicus, Lueckisporites virkkiae and Weylandites lucifer, Polypodi-
isporites spp. and verrucated monolete spores. This palynological 
assemblage let to refer the succession to Lopingian age.

Due to this unique condition, the extended section preserve in the 
core of this borehole, offers a rare opportunity to know not only 
the age of the stratigraphic units of the Lower Karoo in this basin, 
but also may provide and important record of the environmental 
and climatic changes that occurred during the time span of the 
Lower Karoo. For example, these studies may provide a better un-
derstanding of the palaeoenvironments of the coal facies and time 
constraint the end of the Late Palaeozoic glaciation in this region.

Keywords: Karoo, Mozambique, Palynology, Coal, Permian
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EARLY PENNSYLVANIAN-EARLY PERMIAN (BASHKIRIAN-ASSELIAN) MIOSPORE 
ASSEMBLAGES OF THE CZECH PART OF THE INTRA-SUDETIC BASIN

Jiří Bek1, Stanislav Opluštil2 
1Institute of Geology, Academy of Sciences of the Czech Republic, Prague, Czech Republic. 2Faculty of Sciences, Charles 

University, Prague, Czech Republic 

The stratigraphical interval covers Serpukhovian to Gzhelian stra-
ta, i.e. 25 million years. Palynological data in the Žacléř, Odolov 
and Chvaleč formations that span radioisotopically constrained ~ 
21 Ma long interval; middle Bashkirian to early Asselian times, (be-
tween 318 and 297 My). The miospore assemblages are character-
istic by occurrences of stratigraphically important genera (e.g., 
Waltzispora, Radiizonates, Tripartites, Kosankeisporites, Gillespieis-
porites, Cadiospora, Angulisporites, Latensina, Lueckisporites, Spino-
sporites). In all, 77 genera and 317 species have been identified. 
These are mostly miospores; pollen of seed plants are very rare, 
represented mainly by cordaitaleans, walchian conifers and rare 
peltaspermalean and/or gingkoalean plant producers. Pollen of 
other pteridosperms (e.g. medullosaleans) are absent, although 
these plants dominate in abundancy and diversity compression 
floras associated with coals.    

Two main trends through the profile can be recognised. The first is 
increased percentage of monolete miospores and pollen from the 
Yeadonian to the Autunian and the second is prominent increased 
number (not appearance) of smallest monoletes within the Jívka 
Member. The boundary between the Svatoňovie and Jívka mem-
bers represented the most important change because dispersed 
spore and pollen assemblages significantly differ mainly in appear-
ance of coniferalean and gingkoalean pollen together with rapid 
abundance of marattialean miospores.  

Some groups of miospores and pollen increased from the Lamper-
tice to the Jívka members, i.e. sphenopsid, marattialean, conifer-
alean, cordaitalean, gingkoalean and unknown affinity and others 
have decreasing curve, i.e. spores of lycophyte, zygopterid and bo-
tryopterid genera. 

Yeadonian to Duckmantian represents ~ 6 My coal-bearing inter-
val of ecological and species stability when wetland habitats in-
cluding peat swamps dominated basin lowland. Changes in species 
composition between neighboring cyclothems were mostly below 
5% of all miospore taxa. Arborescent lycopsids were on maximum 
of their diversity and abundancy. Diverse were also pteridosperms 
and ferns. There are no indications of presence of dryland floras 
in this interval neither in miospores nor in plant compressions. 
Proportion of dryland habitats in coal-bearing interval increases 
during Late Pennsylvanian. Dryland flora is first recorded in mio-
spores by presence of Vittatina pollen in the Bolsovian strata. Ear-
liest evidence of conifers is from plant impressions in late Asturian 
red beds. In the Saberian coal-bearing window conifer shoots and 
pollens occur in sediments directly associated with coals.

Palynological data indicate possible survival of lepidodendroid ly-
copsids into early Asselian times, although they remains have not 
been found so far.The research was supported by Research Program 
of the Institute of Geology ASCR (RVO 0679858231).
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BRITISH ZECHSTEIN PALYNOMORPHS SUGGESTS A WETTER LATE PERMIAN 
ENVIRONMENT

Martha Gibson, Charles Wellman 

University of Sheffield, Sheffield, United Kingdom 

The Zechstein Sea was a semi-isolated inland sea that occupied the 
Southern Permian Basin during the Late Permian (~255Ma). The sea 
endured at equatorial latitudes for 5 to 7 million years during which 
time it underwent five cycles of evaporation. In the context of an in-
creasingly arid Late Permian climate, classic Zechstein reconstruc-
tions show cyclic regressions accompanied by evaporative down 
draw leading to hypersaline conditions. This resulted in dramatic 
short term reductions in biotic abundance and diversity in both 
the marine and terrestrial realms. However, it is hypothesised that 
transgression phases experienced sufficient precipitation to allow 
ecosystem recovery in both marine and terrestrial environments.

Palynological investigation of borehole material from northeast 
Yorkshire has yielded unexpected palynomorph abundance from 
the Carnallitic Marl Formation in the fourth cycle, and a similar-
ly abundant assemblage from the Boulby Halite and Brotherton 
Formation of the third cycle. The palynomorph assemblage is 
dominated by taeniate and striate bisaccate pollen accompanied 
by monosaccates and trisaccates. Typical Late Permian taxa have 
been identified: Lueckisporites, Protohaploxypinus, Taeniaesporites, 
Nuskoisporites, Perisaccus, Klausipollenites, Vittatina, Labiisporites, 
Vestigisporites and Illenites. These taxa lend support to a transient 
gymnosperm-dominated late Zechstein Euramerican vegetation, 

dominated by phylogenetically advanced conifers, one to two spe-
cies of ginkgophytes, and rare cycads, pteridosperms and pterido-
phytes.

Ongoing quantitative analysis of these assemblages is revealing 
changes in the vegetation structure throughout the Zechstein se-
quence. Analysis will reveal how the vegetation changed both in re-
sponse to ariditisation within each cycle (intracycle responses), and 
to the effects of repeated cyclicity and overall Late Permian climate 
trends (intercycle responses). In addition, TEM analysis of pollen 
wall ultrastructure is underway to elucidate parent flora affinities 
for key pollen taxa. Not only will this allow for a more accurate eco-
logical reconstruction but it will also contextualise the Zechstein 
vegetation with regards to the floristic changes occurring at the Pa-
laeozoic-Mesozoic boundary.

The presence of such an abundance of palynomorphs questions 
previous assumptions that Late Permian equatorial climates were 
continuously arid. These findings suggest the climate was at times 
damp enough to support extensive gymnosperm forests despite the 
impending Permian-Triassic extinction event.
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LATE PERMIAN PALYNOFLORAL ASSEMBLAGES FROM THE DAPTOCEPHALUS AND 
LYSTROSAURUS ASSEMBLAGE ZONES, KAROO BASIN, SOUTH AFRICA: TAPHONOMIC 

WINDOWS INTO CLIMATE OSCILLATION

Robert Gastaldo1, Cindy Looy2, Johann Neveling3 
1Colby College, Waterville, USA. 2University of California--Berkeley, Berkeley, USA. 3Council for Geoscience, Pretoria, South 

Africa 

The Karoo Basin of South Africa is reported to preserve the ter-
restrial ecosystem response to the “Mother” of mass-extinc-
tion events. Here, a reported turnover in vertebrate-assemblage 
zones, from assemblages dominated by Daptocephalus to those 
in which Lystrosaurus diversified, is envisioned as having been a 
consequence of increasing aridification and collapse of the Glos-
sopteris community. The purported loss of plant fossils across the 
transition in vertebrate assemblage zones has been shown to be 
an effect of plant taphonomy, both lateral and vertical variabili-
ty in depositional successions, and sampling efforts. Glossopteris 
leaves and fructifications are now known from the Lystrosaurus 
assemblage zone, indicating not only their persistence in the 
basin but also the presence of a seasonally wet climate. Higher 
resolution shifts in vegetational variance over the transitional 
interval, though, may be possible to resolve with palynofloras. 
 
Previously published palynological assemblages from the up-
per Daptocephalus and lower Lystrosaurus zones are dominated 
by taxa produced by Glossopteridales (e.g., Weylandites, Pro-

tohaploxypinus, and Striatopodocarpites) and Sphenopsidales 
(Columinisporites and Calamaspora). These assemblages co-oc-
cur where megafloral remains of these clades are preserved in 
channel-fill sediments or associated with wetland paleosols. 
Background taxa, those occurring in low percentage, include 
Peltaspermales and Corystospermales (e.g., Alisporites and Fal-
cisporites), and Conifers (e.g., Lunatisporites and Lueckisporites). 
 
New palynological assemblages have been recovered from the Up-
per Daptocephalus assemblage zone in which the first calcic Ver-
tisols from this stratigraphic interval are recognized. These paly-
nofloras are not associated with any macrofloral assemblage. And 
although these exhibit a similar systematic distribution of repre-
sentative taxa, preliminary data indicate that these clades differ 
in their proportions when compared with coeval assemblages. 
Nevertheless, all assemblages are comparable to that of the lower 
part of the western Australian Protohaploxypinus microcorpus zone, 
which is of Late Changhsingian age.

O130

ALNUS POPULATION DECLINE AND ITS CAUSES AT THE END OF THE FIRST MILLENNIUM 
CE IN EUROPE

Heikki Seppä1, Małgorzata Latałowa2, Normunds Stivrins3 
1University of Helsinki, Helsinki, Finland. 2University of Gdańsk, Gdańsk, Poland. 3University of Latvia, Riga, Latvia 

We report pollen-stratigraphical evidence for an abrupt, episod-
ic, and widespread population decline of alder (Alnus), one of the 
most common boreal tree genera, during the Medieval Period in 
Europe. Decline of alder pollen values can be observed in tens of 
high-resolution pollen records from the North European Plain to 
Northern Europe, both in lake sediment and peat cores. The data 
suggest that the decline was roughly synchronous and most prob-
ably took place between the 9th to 10th century. Human impact is 
an unlikely cause of the decline because the decline is specific to 
alder and there is no evidence for a concurrent episode of human 

impact. It is possible that the decline was caused or influenced by 
a severe drought. Another potential cause is a sudden, widespread 
pathogen outbreak, especially as alder is known to be sensitive to 
the impacts of fungal pathogens, such as the oomycete Phytoph-
thora. However, this suggestion remains inconclusive until direct 
evidence about the pathogen can be presented. The study provides 
an insight into vulnerability of the alder (mainly A. glutinosa) pop-
ulation in Europe, showing that a dramatic population decline 
can happen concomitantly over a large geographical region when 
the magnitude of external stressor exceeds a critical threshold.
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SOCIO-ECONOMIC CHANGES LEAVE THEIR FINGERPRINT ON A POLLEN DIAGRAM 
FROM HALKIDIKI (NC GREECE)

Sampson Panajiotidis1, Maria Papadopoulou2 
1Aristotle University Thessaloniki, Department of Forestry and Natural Environment, Lab. of Forest Botany- Geobotany, 541 24, 

Thessaloniki, Greece. 2University of Cologne, Institute of Geography, 50969, Cologne, Germany 

The first inland palynological record from Halkidiki (NC Greece) 
constitutes a fine example of the interplay between archaeology/
history and palynology. The palynological record from the coastal 
marsh of Tristinika situated near the town of Toroni, once one of 
the most important trade centers of ancient Times, reveals a con-
tinuous pastoral and farming (e.g. olive groves, cereals) activity. 
Pastoralism of ancient times up to the early Byzantine era pro-
vides feed sources for herds of goats and sheep through a regular 
burning of heath vegetation which proliferates on the acidic soils 
characterizing the area. Extended pastoralism accompanied by 
olive groves and crop farming sustains the prosperous city of To-
roni (contributing and its peak one of the highest taxes in Delian 
League). The major humanitarian crisis of the Justinian plague 
(mid 6th- mid 8th century AD), spread through maritime com-
merce, strikes Toroni and the city eventually declines. Population 
flees to mountainous regions and human activity collapses. Med-
iterranean pine forests expand in areas previously grazed as both 
grazing and logging cease. The establishment of the monastic state 

in Athos mountain in the aftermath of the plague coincides with 
a feudal organization of the rural economy.   Pastoralism shifts 
from sustaining large sheep and goat herds to small numbers of 
domesticated animals which are also fodder-fed thus weakening 
fire management of vegetation. Vegetation shifts from heaths to 
a more diverse state where oak forests play an important role as 
sources of fodder and charcoal. These oak forests retreat under 
the growing need for charcoal of the extended mining activity in 
north Halkidiki. In the mid-late Ottoman occupation pastoralism 
acquires a state close to that of ancient times as seminomadic set-
tlers use fire to regenerate heaths and renew feed sources for their 
herds. Grazing takes place also around the marsh on arable fields 
owned by the monasteries. Olive groves and cereals constitute ma-
jor farming activities while evidence of viticulture is sparse and 
most obvious during the Ottoman occupation. Both olive and 
vine products are well integrated in the religious rituals and cus-
toms of both settlers and monks justifying a general expansion of 
these groves.   
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CLIMATIC AND LAND-USE CHANGES IN THE SOUTH CARPATHIANS: LATE BRONZE AGE 
ALPINE GRAZING AND SUBATLANTIC TIMBERLINE SHIFT
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Over the last decade, multiproxy paleoecological studies of four 
mountain lakes in the Retezat Mountains led to an unprecedent-
ed climate and environmental historical record of the South Car-
pathians for the last 16,000 years. These results have been summa-
rized recently in Quaternary International. Building on them, this 
presentation focuses on the onset of alpine grazing in the Retezat 
Mts as inferred from the study of pollen, plant macrofossil, mac-
rocharcoal, microcharcoal and sediment chemistry. We quantify 
the past intensity of grazing pressure by comparing surface pollen 
assemblages collected under different human-disturbance regimes 
in the mountains. A total of 10 relevés were surveyed and 19 sur-
face pollen samples were collected from moss polsters and lake sur-
face sediments. The human disturbance index (HDI) of each relevé 
was calculated according to the formula of Liu (2006). CCA analy-
sis of the surface pollen assemblages suggested that HDI is mostly 
associated with Poaceae, Chenopodiaceae, Filipendula, Filicales 
and Pteridium in the surface pollen assemblages. Using this rela-
tionship, human impact indicator pollen types were determined 
in the fossil pollen assemblages and their relative frequency curves 
were used in conjunction with the macro- and microcharcoal 
curves and the geochemistry inferred erosion intensity records to 

evaluate human disturbance on both slopes.

Our results suggest that treeline and timberline decreased in the Re-
tezat at ~3000 cal yr BP mostly triggered by July mean temperature 
decrease between 3300-2800 cal yr BP (inferred by chironomids). 
On the other hand, human impact became an important driver 
in both terrestrial vegetation and sediment geochemical changes 
over the last ~3400 years in the alpine zone of the northern slope, 
and since around~ 4200 cal yr BP in the alpine zone of the south-
ern slope. On both slopes human impact indicator pollen types 
increased earlier in the alpine zone suggesting that mountain graz-
ing started earlier in the naturally open alpine meadows, during 
the Late Bronze Age, and proceeded downslope in the Iron Age, 
from ca. 2650 cal yr BP. A period of frequent fire episodes occurred 
around 1900-1300 cal yr BP on the southern slope, suggesting that 
P. mugo shrubs were burnt to enlarge mountain pastures. One 
main conclusion of this research is that the exploitation of the 
mountain pastures started later in the South Carpathians relative 
to the Alps. Forest clearance by burning to increase grazing land 
was subdued in comparison to other European regions.
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THE LANDSCAPE HISTORY OF THE IMPERIAL HARBOUR OF ROME
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The ancient port built along the Tyrrhenian coast by Roman Em-
peror Claudius (mid of 1st Cent. AD) and enlarged by Emperor 
Trajan (beginning of 2nd Cent. AD) was Rome’s principal maritime 
port. The remains of the port and of the town raised in the close 
vicinity are at present ca. 3 km away from the present coastline, 
in the Tiber delta. Historical sources report that the imperial har-
bour was excavated both in terra firma and in lagoons. The harbour 
town named Portus developed together with the port itself and ex-
panded in the following centuries.

The study concerns two cores drilled in the dock and canale Tr-
asverso of the Claudius harbour (Mazzini et al., 2011. J. Paleolim-
nol. 46: 243–256; Pepe et al., 2013. Quat. Int. 303: 73-81; Sadori et 
al., 2010. J. Archaeol. Sci. 37: 3294-3305) and one core taken in the 
centre of Trajan harbour, at present an artificial hexagonal-shaped 
lake. The chronological framing of the cores was carried out using 
magnetostratigraphy, radiocarbon dates, archaeological evidences 
and historical sources. The three cores, partly overlapping, cover 
different periods of time of the port history, from the middle of 
the first century onwards. Detailed sediment analyses were carried 
out on Trajan core.

Pollen, Non Pollen Palynomorph (NPP), microcharcoal and plant 
macroremain analyses are integrated by dinoflagellate cysts, os-
tracod and foraminifer analyses to provide a detailed reconstruc-
tion of the air and water environments.

The dock core shows the first phases of the harbour activities, re-
cording first a marine and then a brackish environment. The plant 
landscape is typical of a coastal environment and appears rather 
preserved. The human presence is clear, but not of great impact 
outside the port area. The channel core (spanning a time period 
more recent than that of the dock core) records mainly a brackish 
water environment and a strong human impact related to the pres-
ence of Portus, the port town. The lake Trajan core shows the clear 
evidence of the huge works for the port excavation and records the 
history of the area also after the abandonment of the port and its 
isolation from the sea, even recording the reclamation of the area 
occurred in the early twentieth century.

The combined use of the different paleolimnological analyses al-
lowed to disentangle between natural and human induced chang-
es in the port management and in the history of Lake Trajan.
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POLLEN, SEEDS AND CHARCOAL AS EVIDENCE OF LOCAL ENVIRONMENT AND 
SUBSISTENCE AT THE EARLY MEDIEVAL STRONGHOLD AT POHANSKO NEAR BŘECLAV 

(CZECH REPUBLIC)

Nela Dolakova1, Petr Kočár2, Romana Kočárová1 
1Masaryk University, Brno, Czech Republic. 2Czech Academy of Sciences, Praha, Czech Republic 

Analyses of pollen, plant macro-remains and wood charcoal from 
archaeological contexts at Pohansko (CZ) were studied to supply 
information on the past subsistence and paleo-environment of 
this one of the central sites of the Great Moravian Empire. The site 
is today situated in the forested wetland environment (site is situ-
ated near the confluence of the rivers of Dyje and Morava ca 155 
m a.s.l.) what facilitated hypothesis about its dependence in food 
supply from the farming hinterland.

Combined results of pollen and charcoal analysis indicate the pres-
ence of a mosaic of forested and opened landscape of mesophilous 
oak and the hardwood alluvial woodlands. Our evidence shows 
that these woodlands were exploited by man and were relatively 
opened. This is suggested by relatively high ubiquity of (both char-
coal and pollen) shrubs of forest edges and forest opening (Cornus, 
Euonymus, Corylus and Pomoideae). The finds of charcoal of Picea/
Abies and Fagus, species typical for higher altitudes regions are in-
terpreted as probable collection of driftwood for fuel.

The pollen grains of Juglans, tree not native to the region, are con-
stant in samples from this site. However, the absence of wood char-
coal of Juglans does not (at present) support its local cultivation.

Despite intensive sampling for seeds, the recovered assemblage 
is limited and in majority formed by seeds of cultivated crops. 
Among them finds of cereals like millet (Panicum miliaceum), rye 
(Secale cereale) and wheat (Triticum aestivum) are the most numer-
ous. Less common are oat, barley, lentil and flax. The SEM study 
of pollen grains proved and determined the same main types of 
cereals (Triticum, Secale, Hordeum, Avena and Panicum).

Very unique discovery represents recovery of pollen and charcoal 
of Vitis. The radiocarbon dating of the Vitis charcoal is 1225 +30 BP. 
Yet, it remains unclear whether the wood originate from wild or 
cultivated subspecies as it can not be distinguished based on wood 
or pollen morphology. If cultivated, this find would represent the 
earliest evidence of cultivation of grape vine in the Czech Repub-
lic. If wild, it would document the presence and native occurrence 
of Vitis vinifera subsp. sylvestris in the Czech Republic

This work has been supported by GAČR 16-15678S – Development 
of interaction of the environment and the subsistent strategy of Early 
Medieval society.
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COMPARATIVE MORPHOLOGICAL ANALYSIS OF CEIBA MILL. (BOMBACOIDEAE, 
MALVACEAE) POLLEN THROUGH FESEM, CLSM AND LM: A SACRED PLANT OF MAYA 

(MESOAMERICAN) CIVILIZATION

Swati Tripathi1, Anjum Farooqui1, Veeru Kant Singh1, Shilpi Singh2, Rup Kumar Roy2 
1Birbal Sahni Institute of Palaeosciences, Lucknow, India. 2CSIR-National Botanical Research Institute, Lucknow, India 

Ceiba, used for ornamental landscaping in tropical regions of 
the world is a large tree found in tropical areas, including Mexi-
co, Central America, South America, the Caribbean, West Africa 
and Southeast Asia. The present work communicates the detailed 
pollen morphology of four Ceiba species growing in India includ-
ing one hybrid, C. speciosa (A.St.-Hil.) Ravenna, C. insignis (Kunth) 
P. E. Gibbs & Semir, C. x insignis (cross between C. insignis and C. 
speciosa) and C. pentandra (L.) Gaertn., using Field Emission Scan-
ning Electron Microscope (FESEM), Confocal Laser Scanning Mi-
croscope (CLSM) and Light Microscope (LM) that may furnish 
the taxonomic characterization of these species as well as employ 
their finer morphological details to correlate them with other Cei-
ba spp., growing around the world. Pollen grain is 4-5-colporate, 
brevicolpate; sub-oblate to prolate-spheroidal to subprolate; sex-
ine reticulate (muri provided with scattered spinuloid excrescenc-
es, lumina reticolumellate) and mostly thicker than nexine. The 
closely associated genus of Ceiba like Bombax ceiba (L.) is similar 
in pollen morphology as far as sexine pattern is concern with dis-

tinct pollen shape and size. Thus, an attempt has been made to cor-
relate the pollen morphometry of the above species of Ceiba with 
red and yellow flower varieties of B. ceiba belonging to common 
subfamily, Bombacoideae. The multivariate principal component 
analysis (PCA) was applied on Ceiba and B. ceiba to quantified data 
obtained from pollen morphometrical analyses that clearly re-
vealed a significant variation between different genus and species. 
A pollen key, based on these micromorphological data (especially 
pollen aperture and size of muri), is also presented for the Ceiba 
and B. ceiba. The study will improve precise identification of Ceiba 
pollen grains recovered in sediments, thus aid in pollen analysis of 
the Quaternary and pre-Quaternary deposits in India and also in 
other tropical and subtropical regions of the world. Besides, pollen 
preservation, evolutionary trend and palaeoecology are the other 
important implications of this study.

Key-words: Ceiba, Bombax, Pollen morphometry, Ornamental; 
Lucknow; India.
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Well age-constrained and taxonomically determined plant fossils 
are crucial for providing independent minimum ages for molecu-
lar phylogenetic dating. In oceanic Islands these are especially use-
ful for taxa that evolved in insular ecosystems. In Macaronesian 
Islands, recent studies propose molecular dating for several plant 
families and genera, but these lack palaeobotanical support, due 
to the scarceness of palaeobotanical and paleopalynological stud-
ies. Here we reinvestigate the plant fossil bed of Porto da Cruz on 
Madeira Island (Portugal). This bed was discovered by J. Y. Johnson 
in 1859, and its flora was described by Oswald Heer (1809-1883); he 
discovered and described Rubus sp. leaves and Carex sp. leaves and 
fruits. In this study, we have revisited the fossil plant bed to gain a 
better understanding of preserved plant palaeodiversity. The flo-
ra is preserved within a sedimentary deposit that is overlain by a 
mugearitic lava flow 1.5 Ma-old (K-Ar dating). The deposit was ex-
plored for leaf and carpological fossils. Organic rich sediment was 
collected, dried overnight at 60°C, deflocculated with 3% H2O2, 
washed through a 300 µm sieve, and the remaining residue dried 

at 60°C. Plant fossils were hand-picked using a binocular micro-
scope. Selected mesofossils were then washed in HF and imaged 
using a scanning electron microscope (SEM). Furthermore, X-ray 
micro CT (µCT) scanning was performed on selected mesofossils 
to visualise internal tissue preservation. Preliminary results reveal 
that >20 distinct carpological morphotypes are present in the sed-
iments, many showing affinities to Chenopodiaceae, Urticaceae, 
Caryophyllaceae, Brassicaceae, Rubiaceae, Theaceae and Rosaceae. 
Leaf fossils include impressions and adpressions of Lauraceae, Ru-
bus sp., Equisetum sp., Woodwardia sp., and three unidentified di-
cots morphotypes. µCT results indicate differential preservation, 
where external hard parts of seeds are preserved with tissue and 
cellular-level preservation, but endosperm and embryos are absent 
or poorly preserved. Further palaeobotanical and palynological 
exploration of this deposit coupled with 40Ar/39Ar dating of the 
underlying and overlying lava flows, will allow an age constraint 
for this flora, and provide important insights to Madeiran Pleisto-
cene flora.
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NEW INSIGHTS INTO THE OCU FOSSIL FORESTS, PANAMÁ
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Understanding the vegetation of Panama prior to late Miocene 
is critical to evaluating the ecological consequences of the Great 
American Biotic Interchange. However, few studies have been con-
ducted in that region apart from those associated with the Pan-
ama Canal expansion project and the Panama Canal Basin. One 
of the areas particularly rich in plant fossils is the Ocu town in 
the northern Azuero Peninsula. To date, only three studies have 
examined woods from Ocu. Stern and Eyde (1963), published the 
first account of the woods, and they reported three genera Vanta-
nea (Humiriaceae), Tetrathylacium (Flacourtiaceae) and Hernandia 
(Hernandiaceae), with informal age data, inferred from geological 
maps of Azuero. Later, Herrera et al. (2014) erected a new Humiria-
ceae fossil wood genus and species, Humiriaceoxylon  ocuensis gen 
nov. sp. nov. based on the same material that was identified as 
Vantanea by Stern and Eyde. Jud et al. (2017), identified ten new 
morphotypes documenting the first fossil evidence of Lauraceae 
and Ficus (Moraceae) from Panama. Other identified specimens 
include Arecaceae (Palmoxylon), Fabaceae (Andiroxylon), Euphor-
biaceae, Sapindales (Burseraceae/Anacardiaceae) and Sapotaceae 
and two types with uncertain affinity, probably in the order Eri-

cales.  Previous studies have suggested the Ocu fossil forests were 
perhumid to superhumid tropical forest, contrasting with the dri-
er ( MAP < 1000 mm) regions of Panama that dominate the pen-
insula today. Recent fieldwork in the Azuero Peninsula evidenced 
the Ocu woods as detrital fragments of the clast-supported con-
glomerates from the Macaracas Formation (~ 30 Ma). We are de-
veloping a project funded by the Panama Secretary of Science to 
study wood systematics and to perform radiometric and biostra-
tigraphic dating for the first time in the region. We have recently 
explored a new locality in Los Pozos, Herrera a little town ~37 km 
from Ocu centre. The exposures show subhorizontal agglomerates 
with clasts composed by chert, volcanic rocks and fossil woods In 
situ, suggesting the parental rock is part of the Macaracas Forma-
tion with estimated Oligocene age. We note that the distinctive 
pattern of axial parenchyma seen in Andiroxylon barghornii Jud et 
Dunham has been observed in several hand specimens found in 
the region. We have also identified a few specimens related to oth-
er Fabaceae, Anacardiaceae, Moraceae and a new Arecaceae differ-
ent from the previously reported in other studies, documenting 
on the diversity of those enigmatic forests.
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During our recent palaeobotanical study of the Eastern Mediter-
ranean (Lesbos and Lemnos Islands, Greece), new results on the 
Cainozoic fossil woods, both angiosperms and conifers, came out: 
a new methodology/identification key for the identification of 
lauraceous woods and especially Laurinoxylon species and their bo-
tanical affinities after the application of a series of criteria the last 
of which is the exact occurrence of the idioblasts (oil &/or muci-
lage cells); new types of Laurinoxylon and Cinnamomoxylon:  L. aff. 
czechense,  L. cf. daberi, L. aff. diluviale, C. seemannianum, and L. cf. 
ehrendorferi; the first identification of the genus Cryptocaryoxylon 
for the Neogene of Eurasia as revealed from the microscopic char-
acteristics of two specimens from Lesbos and Lemnos Islands and 
especially from the distribution of their idioblasts. Cryptocaryoxy-
lon has been reported in the literature only three times: a) with the 
species Cryptocaryoxylon gippslandicum  from the Upper Eocene–
Oligocene (39 Mya) of Australia, b) with the species C. hancockii, 
C. meeksii and C. radiporosum from the middle Eocene of Oregon, 
USA and c) with the species C. oleiferum from the late Pleistocene 
of Argentina.

Moreover our research has revealed new information about the pa-
laeoenvironment of each locality regarding the a) palaeoaltitude 
of the fossiliferous localities in relationship with the findings, and 
b) the different types of fossilization and preservation.

The recognition of the remaining inconsistencies related to the 
material described over 100 years ago (from Lesbos Island) result-
ing in problems concerning the nomenclature and validity of the 
already known species, due to the lack of accompanied illustra-
tions, type material (holotype), informative (detailed) descrip-
tions and evidence about stratigraphy and exact location of the 
fossiliferous sites. This recognition was used as the corner stone 
for the first accurate interpretation of Cedroxylon lesbium from 
Sigri (Petrified Forest area, western peninsula of Lesbos Island), 
hosted at the collections of the Natural History Museum of Vien-
na, Austria, its comparison with Cedroxylon, with the living Ced-
rus species and the recently proposed combination: Taxodioxylon 
lesbium. The first reports of woods of taxodiaceous Cupressaceae 
from Lemnos Island have been also documented.
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Krameria lappacea is a hemiparasitic shrub thriving in the high-el-
evation cold deserts of Peru. Also known as the Peruvian rhatany, 
this shrub is a keystone species in an extremely arid habitat. De-
spite its economic value in the cosmetic and medicinal trade, little 
is known about this species, especially about its growth rate, lon-
gevity, and reasons for its ecological success. Here we show through 
the study of growth rings and anatomy in Krameria lappacea wood 
that its hemiparasitic habit likely has the greatest influence on its 
growth dynamics. In the wood of eight shrubs, cell dimensions 
and densities were measured, and standard dendrological indices 
were calculated using thin sections and macerations. The wood 
of K. lappacea has short vessel elements (mean length of 117 µm, 
n=30) and narrow vessels (mean tangential width of 20.25 µm, 
n=60), like most woody xeric plants. However, K. lappacea lacks 
the helical thickenings and grouped vessels that are found in other 

clearly xerophytic woods. Comparisons of growth ring widths in 
K. lappacea showed no significant correlation with mean annual 
temperature and precipitation for the 25 years under investigation 
(1985-2010), indicating a decoupling of K. lappacea growth and 
climate. In K. lappacea, the dendrological features of hemiparasit-
ism are reflected in the indistinct or partially distinct growth rings, 
solitary vessels, and the absence of helical thickening or sculptur-
ing, which are atypical of xerophytic woods. The wood anatomy of 
other dry-habitat hemiparasitic species, such as Santalum album, 
S. spicatum, Olax madagascariensis, O. lanceolata, and Krameria cyti-
soides is compared to that of K. lappacea. The dendrological suite of 
characters that these species share with K. lappacea, as well as the 
idea that this novel suite of traits could be indicative of hemipara-
sitism will be discussed.  
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Cryptogamic Ground Covers (CGCs) are photoautotrophic com-
munities that grow on the surfaces of soils, rocks and plants. 
They are made up of variable proportions of bryophytes, lichens, 
algae, fungi, and cyanobacteria, and they host various groups of 
animals, predominantly arthropods. Capable of tolerating widely 
varying environmental regimes encompassing extremes of aridity, 
temperature, and UV flux, CGCs are widespread today where they 
are thought to be responsible for an estimated 7% of net primary 
productivity and almost 50% of nitrogen fixation globally. They 
are increasingly regarded as models for the earliest soil ecosystems.

We are investigating the nature of CGCs and their impacts on 
the environment and soil formation during what is arguably the 
acme of their development. This followed the origins of land 
plants, recently estimated to lie in an interval between mid-Cam-
brian (~515.2 Ma) and early Ordovician (~473.5 Ma), and preced-
ed the evolution of forest ecosystems during the mid-Devonian 
(~385Ma). Early plant-bearing deposits are mostly allochthonous, 
so we are focusing initially on the 407 million-year-old Rhynie 
cherts (Scotland, UK) because this biota is fossilised more or less in 
situ and the preservation of the organisms and their associations 
is exceptional.

The Rhynie cherts preserve a soil community that contains many 
of the components of modern CGCs, including small-stature cryp-
togamic plants with rhizoidal rooting systems, fungi, cyanobacte-
ria, green algae, fungus-like oomycetes, and associated animals, 
including nematodes and a diverse community of arthropods. 
There is limited evidence for lichen-like associations, but more 
compelling fossils have recently been documented at contempo-
raneous sites elsewhere. Plant growth forms and symbiotic associ-
ations with fungi indicate that moss dominated CGCs—and espe-
cially peat forming systems—are not the best modern analogues. 
Liverworts are a more appropriate model for the plant component. 
Other key differences from many modern CGCs include the ab-
sence of annelids and ants; also absent were the most aggressive 
white rot lignin decomposing fungi of the Agaricomycetes, imply-
ing that there were key differences in the recycling of soil organic 
carbon. Myriapods and hexapods were primary detritivores, but 
the roles of many organisms in the formation of ancient CGC soils 
remain largely unknown. We are developing an approach to char-
acterizing the Rhynie CGC based on comparative analysis using 
modern CGCs and a suite of analytical methods combining in situ 
imaging by X-ray micro-computed tomography and synchrotron 
tomography.
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The Proterozoic was a time of great atmospheric, biospheric and 
climatic change on Earth: there was a transition to an oxygenated 
atmosphere in the Palaeoproterozoic, numerous ‘Snowball Earth’ 
events in the Mid-Late Neoproterozoic, and the evolution of the 
multicellular Ediacaran biota in the latest Neoproterozoic. The 
‘Boring Billion’, a period spanning the entirety of the Mesopro-
terozoic, is termed so because of the apparent stability of environ-
mental and tectonic processes, and the seeming lack of biological 
and atmospheric events. However, numerous recent studies have 
called this rather simple interpretation into question, and high-
light the impact of a changing biosphere in the Mesoproterozoic: 
the evolution of the first eukaryotes around 1850 Ga, a high point 
of stromatolite diversity and abundance at 1200 Ma, extensive 
colonisation of microbial organisms into non-marine systems by 
1000 Ma, and the controversial evolution of fungi and proto-li-
chens into the terrestrial realm by 900 Ma. But how did a devel-
oping and diversifying terrestrial biosphere affect weathering and 
palaeosol development, and, ultimately, Proterozoic palaeoatmo-
spheres and geochemical cycles?

One such example comes from palaeosols associated with the 
failed 1100 Ma North American Midcontinent Rift. Sediments 
were deposited in fluvial, alluvial, lacustrine and debris-flow 
settings during syn- and post-rift depositional phases associat-
ed with the failed rifting event. Today, these sedimentary rocks, 

often interbedded with basaltic lava flows associated with rift 
volcanics, outcrop in the Lake Superior region of the USA. They 
contain evidence of weathered floodplain units, which includes 
decimetre to multi-metre palaeosols that developed during peri-
ods of depositional quiescence in low-energy alluvial settings. The 
paleaosols have physical and chemical characteristics similar to 
Phanerozoic Entisols, and display weak-to-moderate physical and 
chemical weathering features. In addition, there is physical and 
geochemical evidence of a truly terrestrial biosphere within the 
sedimentary units: microbially-induced sedimentary structures 
(MISS), calcitised remains of non-marine microbialites, as well 
as δ13Corg isotopic signatures indicative of photosynthetic carbon 
fixation from thin organic laminations. Mass balance calculations 
using palaeosol geochemical data indicate palaeoatmospheric 
CO2 was low at 4-6x pre-industrial atmospheric levels, and sug-
gests that Mesoproterozoic CO2 trends are mimicked by palaeosol 
weathering trends. Despite these interpretations, ascertaining a 
biologically-mediated origin as the driver of weathering remains 
complex. Could the (seemingly low) atmospheric CO2 levels have 
been the driver of exaggerated hydrolysis reactions which result-
ed in abiotic mineral weathering (via acid rain-like processes), or 
could an expanding Mesoproterozoic terrestrial biosphere provide 
an example of early biologically-mediated weathering and soil de-
velopment?
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The evolution and radiation of trees during the Devonian has often 
been hypothesised as being one of the driving forces behind major 
changes in global biogeochemical cycles at this time, including in-
creased weathering rates, nutrient fluxes to the oceans and ultimately 
the sequestration of CO2 from the atmosphere. Challenges in testing 
this hypothesis include limited data on the nature of the first tree-
sized plants from the fossil record, especially the morphology and 
depth of their rooting structures, and obtaining quantitative data on 
the nature and degree of influence these early roots had on weather-
ing and the development of soils.

Middle Devonian (Givetian) palaeosols exposed at a quarry near Cai-
ro, New York State, have provided a unique opportunity to study the 
in situ roots of an early, mixed forest ecosystem. The top surface of a 
palaeosol is well exposed across the quarry floor, capped in places by 
a siltstone rich in fish fragments. The morphology and distribution 
of exposed mouldic root structures have been mapped by Stein et al., 
providing a footprint of the forest floor. They identified at least two 
main root types as likely belonging to archaeopteridalean progymno-
sperm (Archaeopteris) and pseudosporochalean cladoxylopsid (Eosper-

matopteris) trees.

An assessment of the depth and morphology of rooting structures, as 
well as the nature of root-soil interactions and the subsequent degree 
of weathering, can be obtained from detailed sedimentological and 
geochemical studies of the palaeosols beneath this horizon. Cores 
were drilled, up to 3m in depth, beneath the bases of eighteen trees 
that were selected to represent different tree types of different sizes. 
All cores revealed at least two pedotypes, either stacked directly on top 
of one another or separated by parallel-bedded fine-grained hetero-
lithics. The uppermost palaeosol is approximately 1.65m thick, inter-
preted as a well-developed palaeo-Vertisol, with a clay-rich B horizon 
comprising of wedge-shaped peds with slickensided clay skins. Nu-
merous rhizoliths are preserved throughout, mostly as rhizohaloes, 
although some possess a central carbonaceous strand or clay-rich 
cast. The nature and dimensions of these roots from the two main tree 
types will be presented. All soil profiles were spot sampled for whole 
rock geochemical analysis using ICP-MS and XRF, and mineralogy us-
ing XRD. Elemental distribution and molecular ratios will be present-
ed as proxies for various weathering and pedogenic processes. 
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Rooting structures were one of the key adaptations essential for 
the conquest of the land by plants and they provided the essen-
tial functions of anchorage, nutrient uptake and water absorption. 
There are two types of rooting structures in extant land plants: ga-
metophyte rhizoids and sporophyte roots. Rhizoids carry out the 
rooting function of the free-living gametophyte stage of the life 
cycle. Specialised rooting axes (roots), carry out the rooting func-
tion on the free-living sporophyte stage of the life cycle. The evo-
lution of sporophyte roots was a key adaptation during the rise to 
dominance of vascular plants and roots develop on almost all ex-
tant vascular plants. However, none of the plant sporophytes de-

scribed to date from the 407 million-year-old Rhynie chert formed 
roots. Since plants preserved in the chert occupy key phylogenet-
ic positions at the base of the vascular lineage the Rhynie chert 
sporophytes therefore provide insights into the earliest stages of 
root evolution. The work presented here is an overview of ongoing 
research on rooting systems in the Rhynie chert. We highlight re-
cent findings on the structure of the rhizoid-bearing sporophyte 
axes that carried out the rooting function in the common ancestor 
of vascular plants and report the discovery of apices of the rooting 
axes of Asteroxylon mackiei.
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DIVERSITY AND ECOLOGY OF MID DEVONIAN FORESTS
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Recent discoveries of fossil forests and exceptionally-preserved 
plant fossils have pushed the origin of trees and forests firmly 
down column into the Middle Devonian. The main small tree-size 
plants to appear were cladoxylopsids, aneurophytalean and ar-
chaeopteridalean progymnosperms, and lycopsids. This talk will 

summarise latest knowledge of these plant groups, their rooting 
structures, the varied ecology of Mid to early Late Devonian for-
ests, and their effect on local sedimentation, based on field exam-
ples from New York and Svalbard.
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As decomposers or plant pathogens, fungi have invasive growth and 
powerful enzymes to reduce plant tissues to humus. Fungi are per-
haps also the most important mutualistic symbionts in modern eco-
systems. Although fungi have played these roles for over 400 million 
years, direct fossil evidence remains rare. Exceptional geological con-
ditions are required to preserve cellular details and such conditions 
first occurred in the 407 million-year-old Rhynie chert (Scotland, UK). 
Our objective is to document the early fungal diversity at this site and 
to understand the nature of the fungal interactions. We are working 
principally with historical collections of thin sections. We first ex-
amined the fossils with standard light microscopy but have recently 
found that a combination of tools can be very effective. We use light 
microscopy with z-stacking montage, confocal laser scanning micros-
copy (CLSM) and digital 3D reconstructions obtained from the CLSM 
data with iso-surfaces digitally rendered using SPIERS and animations 
created in BlenderTM. This investigative approach allows us to charac-
terize structures with a resolution of <1µm and to compare resulting 
images with relevant living groups and appropriate life history stages. 
Here we present an overview of our current knowledge regarding early 
fungi on land. Evidence from the Rhynie chert shows that fungi were 

already diversified. Symbiotic associations (arbuscular mycorrhizae) 
attributable to Glomeromycotina have long been known and have 
been described in both stages of the life cycle of a Rhynie chert plant. 
Other plants were colonized by Glomeromycotina but did not show 
all the characteristic features of symbiosis. Zoosporic fungi were di-
verse with Chytridiomycota occurring in organic-rich sediments in 
wetter parts of the landscape while Blastocladiomycota were mostly 
associated with plants or plant debris. We recently demonstrated the 
occurrence of multiple colonizations of a plant by different types of 
mycorrhizal fungi (Glomeromycotina and Mucoromycotina) and de-
scribed fossil Blastocladiomycota, one of which is the earliest known 
fungal clade to develop hyphae, which likely served as a saprotrophic 
adaptation to patchy resource availability. A fossil Chytridiomycota 
has also been found showing that zoosporic fungi were likely import-
ant to the mobilisation of nutrients in early aquatic foodwebs. One of 
the driving forces behind the diversity of the early fungi could be the 
environments encountered. In the Rhynie chert, these ranged from 
terrestrial to fully freshwater and saline.  This early fossil record is be-
ginning to reveal fungal diversity and the important roles that fungi 
were playing in the earliest land communities.
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LINKS BETWEEN THE EARLY EVOLUTION OF SOILS, GLOBAL BIOGEOCHEMICAL 
CYCLING, AND CLIMATE

Benjamin Mills 

University of Leeds, Leeds, United Kingdom 

The global biogeochemical cycles of carbon, oxygen and phospho-
rus regulate the composition of Earth’s atmosphere and oceans 
over geological timescales. These cycles depend greatly on terres-
trial weathering processes, and are thought to have been drasti-
cally altered in response to the evolution of soil ecosystems and 
vascular plants throughout the late Precambrian and Early Pha-
nerozoic. It has been proposed that such changes might explain 
deep glaciations in the Neoproterozoic and late Paleozoic, and a 
two-step rise in atmospheric oxygen that has been linked to the 
evolution of the first animals and the subsequent rise of large pred-
ators.

This talk examines these ideas through the lens of Earth System 

modelling, focusing on two key techniques. The first, ‘forwards 
modelling’, lets us reconstruct the ancient climate by making as-
sumptions about soil processes and weathering at different times, 
and lets us compare the model predictions with available proxy 
data. The second,   ‘inversion modelling’, allows us to use known 
information about isotope records and tectonic processes to 
back-calculate the required rates of weathering and productivity.

Using these approaches we will develop a general view of climate 
evolution through the late Precambrian and Early Phanerozoic, 
and the role of soils and associated organisms in driving these 
changes.  
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AFFINITIES OF NEMATOPHYTES AND THEIR ROLES IN EARLY TERRESTRIAL VEGETATION 
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It is 80 years since Lang (1937) united Nematothallus with Proto-
taxites in a new ‘class’, the Nematophytales, which he  speculat-
ed  intermediate between algae and higher plants. Evidence from 
more  recent research has pointed to a fungal affinity (Hueber 
2001), a relationship which supports the hypothesis  of   Church 
(1919) postulated almost twenty years earlier for Prototaxites, 
and which now, based on reproductive characters,   is consid-
ered a polysporic ascomycete (Honegger et al 2017).  On vegeta-
tive architecture, however, neither Prototaxites nor members of 
the Nematothallus complex find counterparts in extant fungi, 
and whether or not they were early lichens remains conjectur-
al. Regardless of affinity these organisms are considered  signifi-

cant  components of early land vegetation in Siluro-Lower Devo-
nian times and played an important role in global carbon cycling. 
 
Church, A.H. 1919. Thalassiophyta and the sub-
aerial transmigration. Bot. Mem. Oxford. 3, 1-95. 
Honegger, R., Edwards, D., Axe, L. and Strullu-Derrien, C. 2017.  Fer-
tile Prototaxites taiti: a basal ascomycete with inoperculate, poly-
sporous asci lacking croziers. Phil.Trans.Roy.Soc. B373, 20170146. 
Hueber, F.M. 2001. Rotted wood-alga-fungus: the history and life 
of Prototaxites Dawson 1859. Rev. Palaeo. Palynol. 116, 123-158.  
Lang,W.H. 1937. On the plant remains from the Downtonian of 
England and Wales.  Phil. Trans. Roy. Soc B227, 245-291.
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The colonization of land by plants is an extremely important phase 
in Earth’s life history. This key evolutionary process is thought to 
have started during the Ordovician and continued through the 
end of the Early Devonian interval (485-393 Myr) of the Palaeo-
zoic Era. Cooksonia barrandei from the Monograptus belophorus Bio-
zone (Motol Formation, middle Sheinwoodian, Wenlock) Silurian 
of Barrandian area, Czech Republic, provides moderately well-pre-
served details of macro and micro- morphologies including in situ-
spores and stomata.

Cooksonia barrandei resembles most C. pertonii ssp. apiculispora in 
having similar whole plant habitus and similar spores in situ (ge-
nus Aneurospra). Spores found in sporangia of C. barrandei show 
crassitate trilete monad with crassitate proximal surface. Cookso-
nia barrandei resembles also Concavatheca banksii in having simi-
lar shape of terminal subtending axes with characteristic rim. The 
above mentioned taxa are distinguished from C. barrandei in hav-
ing smaller size of their axes and sporangia and having different in 
situ spores.
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C. barrandei represents the oldest known macrofossil evidence 
of land plant diploid generation - sporophytes (~432 Myr). Their 
robust size makes them one of the largest known early polyspo-
rangiate land plants. This would mean not only that the plant was 
photosynthetically autonomous, but that the sporophytes might 

have been able to sustain a relatively gametophyte-independent 
existence. In the context of this record it might be therefore rea-
sonable to consider again both  - antithetic vs. homologous - hy-
potheses for the origin of land plant sporophyte.
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A LYCOPSID FOREST WITH NEW TYPE ROOTING SYSTEM FROM THE UPPER DEVONIAN 
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The evidence of the earliest forests is restricted to two Devonian 
localities in Laurussia palaeocontinent, including the Gilboa cla-
doxylopsid (a group of fern-like plant) forest from the Middle De-
vonian of New York, USA and the Spitsbergen lycopsid (clubmoss) 
forest from the Upper Devonian of Svalbard, Norway. Recently, we 
found another Late Devonian (ca. 370 Ma) lycopsid forest, which 
was distributed at four outcrops in northern Zhejiang Province, 
southern China. These outcrops are spaced hundreds of meters 
apart. There are numerous well-preserved in situ lycopsid rhizo-
morphs or stems. The lycopsids may represent the same genus and 
be monospecific.

Three layers of in situ stumps were discovered in the mudstone af-

ter continuous excavation at one of the outcrops. The forest in this 
outcrop is comparatively complex, and its canopy and understory 
are composed of the lycopsid trees and the sphenopsid (horsetail) 
herbaceous Eviostachya, respectively. The trees have the density of 
more than 30/m2. The lycopsid is characterized by a cormose-like 
rhizomorph but bearing a lot of radiating lateral branches at the 
edge. Dense rootlets bifurcate 1-2 times and occur in helices along 
the lateral branches of the rhizomorphs. The trunks could reach 
21 cm in diameter and dichotomize in the mid-upper part of plant, 
and their heights are estimated to be over 10 m. Our findings add 
to the diversity of early lycopsid rooting systems, and expand the 
palaeogeographical distribution of the earliest forests with com-
plex ecospaces.
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RECONSTRUCTING CATHAYSIAN CORDAITALES FROM THE PERMIAN OF SHANXI 
(CHINA) BY THE MEANS OF CUTICULAR ANALYSIS

Malte Backer, Hans Kerp 
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Cathaysian floras are mainly characterised by elements like 
Tingia, Cathaysiopteris, Emplectopteris, Fascipteris and Lobatannu-
laria, but Cordaites is an abundant element as well (Hilton et al., 
2001). The taxonomy of Cathaysian Cordaitales is mainly based 
on macromorphological criteria and often only parts of sterile 
leaves are preserved, though few studies of coal ball floras have 
allowed whole plant reconstructions (Hilton et al., 2009). Cutic-
ular analysis is a very useful tool if only small parts of the plant 
are preserved: it not only allows a precise definition of individual 
taxa, but allows the reconstruction of growth habits and provides 
important information on the palaeoeceology and -climate. Cor-
daitales are also common in the Permian strata of the Palougou 
section in Shanxi (China). The Lower Shihhotse formation (Roa-
dian-Wordian) yields well-preserved macrofloras with abundant 
Cordaitales accompanied by typical Cathaysia elements such as 
Tingia, Yuania, Cathaysiopteris, Protoblechnum, and Emplectopteris. 
Several different species of Cordaites can be differentiated based on 
cuticular features and especially bulk samples yield exceptionally 
well preserved cuticles of complete Cordaites leaves, Cardiocarpus 
seeds and completely preserved Cordaitanthus cones. Similarities 

in their epidermal pattern, particularly their stomatal architec-
ture, as well as in situ pollen grains of the Florinites type recovered 
from pollen sacs and ovules allow a correlation of these different 
organs to one Cordaitalean plant. This allows us to draw conclu-
sions on its growth habit, reproduction mechanism and ecology 
and enables comparisons to known Cordaitales from Cathaysia 
and Euramerica. 
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Deposits from the central Transantarctic Mountains of Antarctica 
provide considerable insights into the biodiversity and ecology of 
high-latitude Permian ecosystems.  At Skaar Ridge, near the head 
of the Beardmore Glacier, pristinely preserved impressions from 
local lacustrine deposits, and permineralized peat, which had 
been transported down river from eroded peat mires, present an 
abundance of data to reconstruct this unique ecosystem. To date, 
reports about material from Skaar Ridge span from anatomical 
descriptions of plants and fungi to physiological responses to a 
high–latitude environment. This paper will serve as a collation of 
published data along with new research to present a comprehen-
sive reconstruction of the Skaar Ridge ecosystem. Research on the 
peat has revealed the dominance of either Vertebraria or Glossopter-
is with additional glossopterid structures and understorey plants 
anatomically preserved throughout. This supports the hypothesis 
that the peat was transported as two distinctive organ assemblages 
(Glossopteris vs. Vertebraria dominated) indicate that at least two 
separate peat sources at Skaar Ridge.  Detailed examination of fun-
gal wood decay has revealed intricate plant-fungus interactions 
through; mycorrhizal associations, glomoid spores and develop-
ment, and numerous saprotrophic fungi. Skaar Ridge’s lithology 
indicates the presence of a meandering river system with a high 

water table producing numerous backswamps. Evidence of the 
glossopterids growing in this swampy environment include; 1) the 
production of epicormic shoots, revealing the ability of these trees 
to produce opportunistic shoots, possibly in response to frequent 
and extensive flooding, 2) a thick insulating bark which allowed 
the cambium to resist significant temperature changes, and 3) 
unique architecture in Vertebraria, indicating the ability to grow 
in a heterogeneous substrate such as peat. Impression specimens 
have provided indications of growth responses of glossopterids 
to a high-latitude environment which has no modern analog. Al-
though leaf venation density of extant plants is closely related to 
leaf hydraulic conductance and maximum photosynthetic capaci-
ty, this was not the case for Glossopteris from Skaar Ridge. Their leaf 
venation density trend remains undetermined, suggesting that 
these plants had other physiological adaptions to a high-latitude 
environment. Additional evidence of a polar growth habit include 
seasonal shedding of reproductive organs and dormant bud scales, 
suggesting a response to rapid conditional changes promoting 
dormancy. The abundance of material from Skaar Ridge and the 
continuing research ranging from descriptive studies to paleoecol-
ogy will help create a more complete picture of a high–latitude 
glossopterid environment.  
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Several groups of seed plants had their rapid diversification in 
mid-Cretaceous. In the ~100 mya Burmese amber, we found plen-
ty evidence for these fossil floras, including conifers, yews, Gne-
tales, Bennettitales, and early angiosperms. Some well preserved 
specimens indicated that flowers, fruits and leaves of angiosperms, 
ranging from basal to higher taxa of monocots and eudicots, may 
have reached great diversity at that time, and some extant clades 
may have originated earlier. Their emergence brought major 

changes into plant reproductive biology, and affected dinosaurs, 
insects, mammals and other organisms in their evolvement and 
evolution. Traces of insect activities were also observed on the fos-
sil floras, which provides new insights into the co-diversification 
of seed plants and their associated fauna. We’d like to share our 
findings in Burmese amber concretely in the presentation, and 
collaborate on the study with paleontologist and botanists allover 
the world.
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In recent years, amber from Myanmar (Burma) has yielded a 
wealth of both botanical and entomological fossil inclusions. 
Due to the exquisite preservation of the fossils and the proposed 
mid-Cretaceous age of the amber these inclusions are highly sig-
nificant palaeontological discoveries. However, the exact age of 
Burmese amber and botanical origin of the resin are still a topic 
of much debate. Due to the difficulty in accessing the mining lo-
cations, the study of Burmese amber has been largely limited to 
pieces with little to no definitive geological context, that were ob-
tained from museum collections or through local intermediaries. 
This has resulted in several competing theories regarding the age 
and botanical origin of Burmese amber. The significance of these 

fossils calls for a clearer understanding of the origin and context 
of amber from Myanmar. In this study we applied FTIR-spectros-
copy to analyse the chemical composition of samples from a large 
private collection with the aim to classify the different varieties 
of Burmese amber.   Furthermore, we also described some of the 
botanical inclusions found in the studied pieces of amber. Finally, 
we compared the new spectroscopic data from the Burmese am-
ber with IR-spectra from amber from other parts of the world. This 
new dataset on Burmese amber provides a further background for 
palaeobotanical and palaeoentomological studies, and also forms 
a new step towards revealing the botanical origin of Burmese am-
ber.
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DIVERSITY AND ANALYSIS OF AMBER FROM THE (APTIAN) CRATO FORMATION, 
NORTH-EAST BRAZIL

Emily Roberts1, David Martill1, Leyla Seyfullah2, Robert Loveridge1 
1University of Portsmouth, Portsmouth, United Kingdom. 2University of Goettingen, Goettingen, Germany 

The Early Cretaceous (Aptian) Crato Formation of north-east Brazil 
is well known for its diverse and well preserved fossil assemblage, 
mostly pertaining to its insect and vertebrate fauna. However, the 
formation also yields a diverse flora including Isoetales, Polypodi-
opsida, Bennettitales, Coniferales, Gnetophyta and several angio-
sperms. In addition, sedimentary amber clasts and amber within 
the fossil plants has been reported.

The Crato Formation is a heterolithic sequence of clays, fine sand-
stones and laminated limestones, the lowest of which, the Nova 
Olinda Member, is a fossil Konservat Lagerstätte deposited in a sa-
line basin with input from freshwater systems. The flora represents 
an allochthonous assemblage with plants of riparian origin de-
posited alongside vegetation from the lagoonal hinterland and 
includes several arid adapted species.

Many Crato macrophytes contain in situ amber, its location 
within the plant tissue varying between taxa. In the conifer 
Brachyphyllum obesum amber is located in either the main stem 
or possibly trapped between the stem and leaves. In Lindleycladus, 
Pseudofrenelopsis and Welwitschiophyllum it is situated within the 
leaves; in canals in Welwitschiophyllum and in so-called resin plugs 
in Pseudofrenelopsis.  In addition, three different cones have in situ 
amber.

Analysis, including ATR and micro-FTIR on ambers from the cones 
and from Brachyphyllum obseum demonstrates coniferalean affini-
ties. Whereas analysis of the ‘amber’ in Welwitschiophyllum reveals 
a highly distinctive spectrum, unlike that of any fossil resin. The 
analysis shows the amber of the Crato Formation is more diverse 
than previously thought.
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Bozzi (1888, 1891) reported a rich plant assemblage collected from 
“Senonian” limestone boulders contained inside a giant megabed 
belonging to the lower Eocene Flysch exposed at Vernasso, north-
eastern Italy. Based on calcareous nannofossil content, Gomez et 
al. (2002) indicated that these megafossils are Coniacian–Santo-
nian in age. Bozzi (1888, 1891) described conifers (Araucaria mac-
rophylla Bozzi, Cunninghamites elegans Endl., Cyparissidium gracile 
Heer, Frenelopsis königii Hosius, Sequoja ambigua Heer, and Sequoja 
concinna Heer) and rarer angiosperms (Arundo groenlandica Heer, 
Myrica vernassiensis Bozzi, Phyllites proteaceus Bozzi, P. platanoides 
Bozzi, and Rhus antigua Bozzi). They mostly consist of impressions 
covered by orange to brown limonite powder, and rarely com-
pressions with brown to black carbonized matter and without 
preserved cuticle. A revision of this fossil flora is needed. Roghi et 
al. (2004) drew attention to amber associated with two conifers 
of Vernasso amber, which constituted the first Cretaceous amber 
record in Italy. Since, we have surveyed five Vernasso collections 
housing over 800 hand rock specimens and including all speci-
mens described by Bozzi (1888, 1891). Amber is present in associ-
ation with A. macrophylla, C. elegans, Frenelopsis sp. (= Frenelopsis 

königii of Bozzi), Geinitzia sp. (= S. ambigua + S. concinna of Bozzi). 
This observation confirms that resins of most Cretaceous coni-
fer families could fossilized as amber, and suggests that analyses 
have to be made on more materials in order to ascertain the am-
ber-source plant or plants of a given amber locality.
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The Upper Eocene and Lower Oligocene amber-bearing sediments, 
which occurred in the proximal south-east part of the pre-North 
Sea Basin are the mother rocks for the richest - apart from the Sam-
bian-Cassubian area in the Northeast - amber deposits in situ in 
marine Paleogene deposits in this basin. These deposits have been 
preserved until today in form of two selected areas - North Lublin 
(Poland) and Volyn (Ukraine) ones. Both these areas are separated 
by a bare zone in the area of West Volyn, where the younger Paleo-
gene deposits were removed by Quaternary erosion, as in the large 
valleys of Wieprz, Bug and Horyn’ rivers.

Results of stratigraphic research display, that amber bearing sedi-
ments in the both part of the studied region are not contemporary 
– these from the western (Polish) part are Late Eocene (Priabonian) 
of age, corresponding to the D12 dinocyst zone, and those from 
the eastern (Ukrainian) part are mostly Early Oligocene (Rupelian) 
of age, corresponding to the D14 dinocyst zone. On the Volyn 
area, deposits representing to the D13 dinocyst zone (Lowermost 
Rupelian) has been not confirmed. This is probably a result of ma-
rine regression separating the two large Paleogene pan-European 
transgressions from the pre-North Sea basin during Oligocene and 

Eocene. Extremal concentration of amber in younger sediments in 
Volyn suggest, than there are not primary amber deposits and they 
were probably multiple re-worked - older (Eocene) sediments and 
multiple re-deposited in high-dynamic sedimentary environment 
in coastal part of the marine basin embedded in the cristalline cra-
ton of Ukrainian Shield during Early Oligocene.

The amber-bearing deposits of the eastern margin of the North Sea 
basin are without any exception dated as the younger ones than 
the EECO – (Early Eocene Climatic Optimum) time (52-50 Ma 
BP). During the EECO, lush resinous, highly thermophilic vege-
tation developed rapidly, whose composition can be defined after 
studying of micro- and macroflora amber inclusions. Amber origin 
should be probably related to the MECO (Middle-Eocene Climatic 
Optimum) final phase with climate changes unfavorable for the 
development of forest vegetation - abundant resination should be 
a reaction to stress related to the deterioration of vegetation con-
ditions. The resin what was then creating abundantly has been 
re-deposited after into younger sediments (Priabonian and Rupe-
lian).
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Long-term greenhouse periods and short-term warming events 
are well known from different periods of earth history. They may 
be the subject for detailed studies on the reaction of plant com-
munities to global warming on different timescales. The Early 
and Middle Eocene climatic optima and the superposed short-
term warming events are especially suited for comparisons to the 
presently developing greenhouse since fauna and flora in many 
respects were already similar to today. Pollen and spores are suit-
able proxies for the recognition of plant communities and the 
reconstruction of spatial and temporal changes in vegetation and 
biodiversity.

Short-term changes of palynological diversity and floristic compo-
sition have been revealed by a high resolution study of 680 sam-
ples from the Lower to Middle Eocene maar lake at Messel (South-
west Germany). The data show that taxonomic diversity increased 
rapidly during recolonization of a volcanically devastated area 
around the lake. With the establishment of a climax vegetation at 
the end of recolonization the maximum in palynological diversity 
was reached in the crater area. During the following 640 kyr alpha 
and gamma diversity decreased up to 35% which can be related to 
the establishment of an equilibrium stage within the climax vege-

tation that led to the dominance of an assemblage of self-replacing 
species. Time series analysis of alpha diversity changes within the 
climax vegetation reveals that orbitally controlled climate change 
on the Milankovitch and Sub-Milanovitch scale influenced the di-
versity of the vegetation resulting in a rise of beta diversity. Our 
analysis now proves that Eocene paratropical plant diversity in-
creased during periods of slightly higher temperature and precip-
itation. Therefore, both composition and diversity of the vegeta-
tion was highly susceptible to minor-scale short-term changes in 
climate even during equable greenhouse conditions.

Long-term changes in diversity across the Paleogene greenhouse 
are in the focus of a recent project on the well-dated and more 
than 200 m thick sedimentary succession of the Helmstedt Min-
ing District (Northern Germany), which is almost continuous 
from the latest Paleocene to the middle Eocene in an area of ma-
rine-terrestrial transition. The use of an extraordinary archive of 
samples and the detailed study of the palynomorph assemblages 
shall reveal if the vegetation has been influenced in terms of diver-
sity and composition by the known short- and long-term climate 
change of the Paleogene.
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Overall the Paleocene epoch is considered to have been a green-
house world with CO2 levels similar or higher than today (300 – 
800ppm). The Paleocene is an interesting time in earth’s history 
with regards to environmental change because it occurs directly 
after a mass extinction, and is also a time of fluctuating climate. 
Although there has been some research on reconstructing Paleo-
cene climates for the Polar Regions and the Southern Hemisphere, 
there is still little known about climate during this epoch especially 
for the mid-latitudinal regions of the Northern Hemisphere.  This 
pilot study aims to address this issue by attempting to reconstruct 
Paleocene climates of Central Europe using fossil leaves from three 
locations (Gelinden, Menat and Sézanne). Climate signals were 
obtained from morphometric analysis of the leaves (Trait Combi-
nation Types (TCTs), leaf tooth measurements, leaf mass per area 
(LMA) and shape factor) and a physiognomic approach (CLAMP). 
TCTs refer to a number of leaf anatomical traits that are sensitive 
to climate and naturally co-occur together in different combina-
tions. It had been observed that 16 TCTs (A, B, C, D etc.) naturally 
occur in extant leaves. CLAMP is a statistical method that infers 
the climate of a fossil locality, based on the relationship between 

morphology and climate in extant floras. Both TCTs and CLAMP 
results suggest sufficient water availability and seasonal climates 
for all three fossil sites. The most common TCT is F which is char-
acterised with non-looped secondary venation and a toothed mar-
gin. Growth season precipitation range obtained with CLAMP is 
137 – 190 cm over 8 – 9 months. Leaves with toothed margins from 
Menat have a high number of teeth (mean = 41, range 15 – 79) and 
tooth area values (median = 0.034, range: 0.014 – 0.056) which in-
dicate temperate climate conditions. So far the interpretation of 
tooth analysis results for the Gelinden is difficult due to small sam-
pling but the leaves have a low number of teeth (15 teeth) sugges-
tive of more favourable conditions than Menat. CLAMP analyses 
suggest higher temperatures and precipitations for Gelinden. The 
LMA results for Menat and Sézanne suggest a shorter growing sea-
son than the Gelinden, possibly there was variability in a growth 
limiting factor (e.g. water). The results from all three locations 
so far reveal that in general climates during the Paleocene were 
warm-temperate with sufficient water availability in the mid-lat-
itudinal regions of the Northern Hemisphere.
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Reforestation has been recommended worldwide as a way for 
landscape restoration to mitigate climate change in areas where 
climate can sustain forest. We argue that this target threatens valu-
able grassland ecosystems and results from wrong assumptions 
about the origin and confusion over the substantive differences 
between ancient grasslands and their anthropogenic counter-
parts. Here, we have used multiple lines of evidence (palaeoeco-
logical and phylogeographic) from the potential naturally forest-
ed zone of Central Europe with the aim of increasing awareness 
of the conservation of a primary grassland type not previously 
recognised. We argue that apart of the existence of primary grass-
lands on skeletal soils, others grasslands found under a potential 

forest climate, i.e., those maintained initially by natural and later 
also by anthropogenic disturbances have persisted throughout the 
last 10,000 years. We advocate that the definition of climax and 
zonal vegetation should be re-evaluated as they focus overly on cli-
mate and may mislead conservationists and land managers in de-
termining natural vegetation. The misapplication of tree-promot-
ing land management strategies in historical grassland areas will 
have many long-lasting, negative consequences for both people 
and nature. Our message may be globally relevant and provides a 
meaningful approach to determine primary grasslands under po-
tential forest climate and ensure their better understanding, value 
and conservation
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In northern latitudes annual seasonality is diminishing through 
rapid winter and spring warming, as opposed to – until very re-
cently – moderate summer warming. Vegetation has responded 
with an up to one-month advance in spring onset (bud burst and 
vegetation greening) since the 1980’s. The prolonged growing sea-
son further contributes significantly to climate change through 
altered albedo and hydrological pathways. In addition, earlier 
greening increases risk of frost damage of plants and causes phe-
nological mismatches in ecosystems, affecting for example insect 
populations, migrating birds and many other animals. The eco-
logical and socio-economic consequences of this strong phenolo-
gy-climate link are far-reaching, but extremely difficult to quantify 
or predict due to the limited timespan of available observational 
data, placing the need for long-term proxy records into sharp fo-
cus. The two most recent natural warming episodes in the geolog-
ical past occurred within a few decades, resembling the ongoing 

global warming in rapidity and spatial expression. These are the 
transitions from the Younger Dryas to the Holocene (~11.800 years 
ago) and the Late Pleniglacial to the Bølling (~14.800 years ago). 
For these previous, fully completed warmings we here present 
high-resolution palaeo-phenological records of the arctic shrub 
Betula nana from Sweden and Germany, recording spring onset 
with epidermal cell characteristics. We further quantify seasonal 
warming patterns and decipher their phase relations. Spring on-
set data is compared to summer temperature proxy records, and a 
distinct offset of about a century between initial spring warming 
and maximum summer temperatures is observed. The findings are 
discussed in relation to the ongoing climate change, for the first 
time with proxy data from the terrestrial realm, the most relevant 
to human society. The results indicate that the recent global trend 
of hot and extremely hot summer temperatures is here to stay.
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Moorlands and uplands are highly valued landscapes as they de-
liver a wide range of ecosystem services including: water supply 
to lowlands; locations for agricultural production (in particular 
seasonal grazing); internationally-important sinks of greenhouse 
gases including carbon and methane; and are locations favoured 

for recreational activities.   They are also areas that preserve and 
conserve nationally-important cultural heritage, including the 
traces of past society.   From the mid-19th century AD large areas 
of moorland were ‘reclaimed’, as part of moorland ‘improvement’ 
schemes to maximise economic production, with further enclo-
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sure and improvements following the second world war.  Over the 
last decade major programmes of moorland ‘restoration’ have fo-
cussed on reversing the impacts of past moorland ‘improvement’, 
but little is known about ecological baseline conditions prior to 
improvement.  Detailed pollen, macrofossil, testate amoebae and 
palaeoentomological work, alongside a programme of dating has 
been undertaken from within a restoration area on Exmoor.  The 
results demonstrate a complex sub-recent (<1000 years) history 
of moorland land use, which had direct impacts on the ecology 

of the area. Significant changes in fauna and flora, including the 
development and subsequent loss of Sphagnum, and state shifts in 
testate amoebae assemblages, can be attributed to changing pat-
terns of grazing, burning and drainage of the moorland. The impli-
cations of this are that land use has been complex through time, 
and any changes in land management (including restoration) are 
likely to have significant impacts on the ecology of the moorland.  
The notion of identifying, or restoring to, stable baselines, is dis-
cussed in the light of the palaeoecological data.
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Yunnan, SW China, is one of the world’s biodiversity hotspots. 
Even though Yunnan accounts for only 4% of the Chinese ter-
ritory, it is home to more than 19,333 species of higher plants, 
grouped into 3084 genera and 440 families. 96.7 % of genera and 
86.2% families of Chinese higher plants can be respectively found 
in Yunnan. Among them, 113 species, 25 genera and 9 families are 
gymnosperms, representing 37% of species, 73.5% of genera and 
90% of families in China; and 15.951 species, 2.367 genera and 
244 families are angiosperms representing 48% of species, 84.5% 
of genera and 98.0% of families in the country. Furthermore, more 
than half of these plant species are endemic to Yunnan. 

Yunnan not only houses a high diversity of modern plants, but also 
archives rich fossil floras Totally, 386 fossil species of ferns, gymno-
sperms and angiosperms belonging to 170 genera within 66 fam-
ilies have been reported from the Cenozoic, chiefly the Neogene, 
of Yunnan. Angiosperms display the highest richness represented 
by 353 species grouped into 155 genera within 60 families, with 
Fagaceae, Fabaceae, Lauraceae and Juglandaceae being the most 
diversified. Floristic analyses indicate that in the late Miocene 
Yunnan had three floristic regions: a subtropical floristic region 

in the northeast, a subtropical floristic region in the east, and a 
tropical floristic region in the southwest. In the late Pliocene, Yun-
nan saw two kinds of floristic regions: a subalpine floristic region 
in the northwest, and two subtropical floristic regions separately 
in the southwest and the eastern center. Recent fossil findings in-
dicate that the floristic modernization of Yunnan started as early 
as early 33 Ma years ago, much deeper than the Miocene initiation 
as previously interpreted. These fossil floras contain several taxa 
which widely occurred in the Northern Hemisphere, e.g. North 
America and Europa, such as Sequoia, Metesequoia, Cryptomeria, 
Dipteronia, Berryophyllum, Cedrelospermum, Palaeocarya and 
Podocarpium, etc. It seems that there was a strong floristic link be-
tween East Asia, North America and Europa in the Teritary. Some 
worldwide extinct taxa are among them, such as Berryophyllum, 
Cedrelospermum, Palaeocarya and Podocarpium, but some are 
still survived in China, such as Metesequoia, Cryptomeria and 
Dipteronia known as Tertiary relics. We present fossil histories of 
plants in Yunnan in order to understand the evolution of plant di-
versity and distribution as well as its response to environmental 
changes.
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Fossils are pivotal to understand histories of plant diversity and 
biogeography under dramatic paleoenvironmental changes in the 
Qinghai-Tibetan Plateau (QTP); however, fossil floras there are far 
from being sufficiently investigated. During recent years, we did 
plenty of field work and found several well-preserved fossil floras 
ranging from the Paleocene to the Pliocene in high altitudes of the 
plateau. For the late Paleocene Liuxiang flora in southern Tibet ev-

ergreen elements including Lauraceae and Moraceae are the most 
abundant; the late Paleocene-middle Eocene Baingoin flora in 
north Tibet shows relatively high plant diversity, and is quite sim-
ilar to the Eocene Green River flora from western interior USA in 
floristic components. The late Eocene Kajun flora in eastern Tibet 
is dominated by Cyclobalanopsis and Betula, representing an ever-
green-deciduous broadleaf forest. In the late Oligocene Dayu flora 
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in northern Tibet, grasses firstly occurred together with Arecaceae 
and Koelreuteria; whereas the Pliocene Zhada flora in western Ti-
bet is represented by small-sized leaves. The occurrence of some 
extinct taxa in these paleofloras, e.g., Hemitrapa, Limbophyllum, 
and Cedrelospermum, as well as many taxa being still widely dis-
tributed in the QTP, e.g., Betula, Cyclobalanopsis, Koelreuteria, 
and Rosa, suggests that there were frequently floristic exchanges 
between the QTP and other parts of the North Hemisphere. Be-
sides, the vegetation types gradually changed from the evergreen 
broadleaved forest to evergreen-deciduous broadleaved forest, 
then to open vegetation, and finally to alpine shrub and meadow. 
Most notably, plenty of palm fossils were discovered from the late 
Paleocene of southern Tibet and the late Oligocene of central Ti-
bet, which are solid evidence for much warmer climate and lower 

elevations in the geological past compared to present-day. Gener-
ally, evidence based on our current plant fossils clearly indicates 
that the evolutionary history of the biodiversity is closely associat-
ed with dramatic paleoenvironmental changes in the QTP, which 
were mainly induced by the tectonic activities in the QTP and the 
Himalayas. In future, more fossil floras are urgently needed to bet-
ter understand the evolution of biodiversity and the history of pa-
leoenvironmental changes in this large region.

This work is supported by National Natural Science Foundation of 
China (41661134049, 31470325, 41430102, 41472019, U1502231), 
Key Research Program of Frontier Sciences, CAS (QYZDB-SSW-
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The Mangkang Flora, Markham Basin, Southeastern Tibet (29.7527 
°N, 98.4327 °E), like other floras in that area, has been regarded 
as late Miocene because it contains many extant genera and over-
all has a ‘modern’ aspect. However, here we show based on 40Ar 
/39Ar dating of tuffs bounding two key assemblages that the floral 
succession spans the Eocene-Oligocene (E-O) transition. The low-
ermost assemblage (MK3) is underlain and overlain by tuffs dated 
as 35.5 ± 0.3 Ma and 34.61 ± 0.8 Ma respectively making the age 
of the assemblage latest Eocene and very close to the E-O bound-
ary, currently dated at 33.9 Ma.  Assemblage MK3 (2634 specimens 
divisible into four conifer species (Pinus, Chamaecyparis, Tsu-
ga and Abies) and 36 evergreen and deciduous woody dicot leaf 
morphotypes (species) preserved in a buff to grey siltstone) rep-
resents sub-tropical to warm vegetation and is dominated by ev-
ergreen round cupule oaks (Quercus subg. Cyclobalanopsis) with 
lesser quantities of members of the Betulaceae (Alnus and Betula). 
CLAMP analysis returns a mean annual air temperature (MAT) of 
17.8 ± 2.3 °C, a warm month mean air temperature (WMMT) of 
28.1 ± 2.8 °C and a cold month mean air temperature (CMMT) of 
4.8 ± 3.6 °C. By using CLAMP-derived moist enthalpy at sea level 
obtained from Paleogene floras in northern India we determined 

the MK3 assemblage represents vegetation growing at ~ 3 km ele-
vation.

Assemblage MK1, ~90 m stratigraphically above MK3, appears 
more stressed in that leaf size is generally much smaller and the 
assemblage less diverse: 692 specimens representing 24 woody 
dicot morphotypes dominated by ?Salix, while Rosa, deciduous 
oaks and Alnus are fewer in number than in MK3. Conifers are rep-
resented by Picea. MK1 occurs in a grey siltstone bounded below 
and above by water-lain ash horizons dated as 34.7 ± 0.5 Ma and 
33.4 ± 0.5 Ma respectively. This places the assemblage at the onset 
of the E-O cooling event. The floristic change from subtropical to 
temperate is consistent with cooling across the E-O transition, but 
could also be due to surface uplift. If due to surface uplift alone the 
MK1 assemblage appears to have been at a palaeoelevation close to 
the present height of the Markam Basin, which is ~ 3.9 km.

The Markham fossils show that floral modernization high on the 
SE flank of the Tibetan plateau was a Paleogene, not Neogene, phe-
nomenon predating the E-O transition.
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The Himalayan-Yunnan biodiversity hotspot accommodates not 
only plant groups that have had a Pliocene-Quaternary diversifi-
cation but also many relic plants. These relics have a remarkable 
Paleogene to Neogene evolutionary history across the Northern 
Hemisphere and can thus be found in fossil floras in Europe, North 
America and Asia.

A prime example of a fossil flora containing representatives of 
the genera of those extant relics, as well as other relatives of Hi-
malayan-Yunnan endemics, comes from the Neogene of Eastern 
Germany. The Wiesa locality is dated to an interval spanning the 
Mid-Miocene Climatic Optimum and local palaeoclimate is rather 
similar to that of today’s SW China where evergreen broadleaved 
forest is growing. About 50% of the fossil taxa have a clear rela-
tionship to the present-day vegetation in SE Asia, many of them 
to endemics and relics. Based on this there is a good understand-
ing of the fossil lowland vegetation in central Europe during the 
Mid-Miocene Climatic Optimum. Dissimilarities in palaeoeco-
logical requirements of the fossil plants in comparison to their 
extant relatives are obviously related to a decline in distinct eco-
logical niches occupied by the relatives of those endemics and 
relics during their history outside the hotspot region, but not to 

ecological shifts.

Coeval fossil floras from Yunnan, e.g. the Wenshan flora, are rather 
dissimilar to the Wiesa flora in exhibiting more subtropical/trop-
ical aspects by the record of respective taxa that are present in the 
extant tropical/subtropical vegetation in SW China. More similar-
ities between the fossil record of the hotspot region and central 
Europe are recently recognized from the early Oligocene Lühe site 
in W’ Yunnan.

The fossil record shows that the hotspot region underwent a com-
plex history even in the Paleogene and Neogene and that the for-
mation of parts of the hotspot vegetation long predates the Paleo-
gene-Neogene boundary.

The contribution will introduce remarkable fossil key taxa from 
central Europe with a clear relationship to the Himalayan-Yunnan 
hotspot vegetation and highlight the enormous potential for fu-
ture palaeobiogeographic, palaeoenvironmental and palaeobiodi-
versity research for elucidating the early history of the biodiversity 
hotspot.
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Fossil taxa, particularly those that became extinct, can provide piv-
otal information on the morphological evolution of organisms. 
The extinct genus Limnobiophyllum (Araceae) has long been con-
sidered as a tentative link between the subfamilies Aroideae and 
Lemnoideae. Our understanding of trait transitions amongst these 
groups has been limited due to the lack of preserved key structures 
in fossils such as infructescences. In this study, we report a new 
fossil species, Limnobiophyllum pedunculatum S.L. Low, T. Su, et 
Y.-W. Xing sp. nov. associated with infructescence and seeds from 
the late Oligocene of the central Tibet, China. It represents the first 
convincing Limnobiophyllum fossil record in the plateau as well 
as in East Asia. We infer its phylogenetic position using a matrix of 
57 morphological characters and 5.226 gene sequences of 42 taxa. 
The phylogenetic inference, based on a combined matrix, sug-
gests that Limnobiophyllum is sister to Cobbania, and this clade 
is also sister to the remaining extinct and living genera within the 

Lemnoideae. The reconstruction of the traits evolution confirms 
that Limnobiophyllum possesses intermediate traits especially for 
infructescences between the Lemnoideae and the Aroideae. With-
in the Lemnoideae, both vegetative and reproductive traits show 
clear reduction and simplification from extinct genera to living 
Lemnoideae. These findings shed new light on the evolutionary 
history of the Araceae family. In addition, the discovery of this 
species suggests a warm and humid lowland environment in the 
central Tibetan Plateau during the late Oligocene, contradicting 
previous studies which indicated a high Tibet since the early Paleo-
gene. The extinction of Limnobiophyllum might have been due to 
both global cooling and orogenetic processes.

Key words: Tibetan Plateau; extinction; Lemnoideae; infructes-
cence; traits evolution; Araceae
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In the Carboniferous, plants experienced a remarkable progress in 
complexity and diversity, with considerable impacts on terrestrial 
ecosystems and their depositional environments. Of particular in-
terest is the gradual establishment of vegetation in drier uplands, 
which is supposed to have started in the Pennsylvanian. Due to 
their occurrence, upland ecosystems are prone to erosion and, 
thus, underrepresented in the fossil record. Accordingly, alluvial 
and fluvial deposits containing allochthonous plant associations 
derived from the hinterlands remain the most important source.

The latest Pennsylvanian (Stephanian C) Siebigerode Formation 
of the Kyffhäuser Mountains, Central Germany, represents an up 
to 670 m thick succession of fluvial red beds, deposited in a mar-
ginal position of the Saale Basin close to the northern edge of the 
Variscan Mountains. Since 1771, these deposits have attracted at-
tention by both collectors and researchers because of abundant 
silicified trunks, up to 12 m in length and 1 m in diameter. Never-
theless, their origin and systematic affiliation, as well as the depo-
sitional environment, in which they have been buried, remained 
uncertain for a long time. The talk summarises a multidisciplinary 
study based on detailed bed-by-bed documentations of 150 out-
crops in the Kyffhäuser Mountains and revisions of 6 public and 

private collections carried out in the years 2013 to 2016. By using 
a broad scope of methods (palaeobotany, facies analysis, sediment 
petrography, x-ray diffraction, cathodoluminescence), the for-
mation of fossil-bearing fluvial red beds of the Kyffhäuser section 
will be presented as a model case for anatomical preservation of 
driftwood. Accordingly, the Kyffhäuser section records autocyclic 
deposition in a bedload-dominated river system, and the burial 
of a basement elevation. Trunks entered the fluvial system by up-
land denudation and cut bank erosion. Waning transport energy 
after episodic floods resulted in settlement and initial burial of 
excorticated gymnosperm logs and rootstocks on barforms sub-
parallel to palaeo-flow. Silica provided by kaolinised feldspar pro-
moted a slow three-stage silicification at low-thermal conditions 
of embedded wood. The logs descend from up to 40 meters high 
cordaitaleans and conifers, which grew in the Kyffhäuser region 
and its hinterlands to the west. Different kinds of tree rings reflect 
a saisonally dry climate. Cordaitaleans, pteridosperms such as 
Odontopteris and the climber Dicksonites pluckenetii, calamitaleans 
and sphenophylls are preserved as imprints in floodplain deposits. 
Locally restricted swamp communities contained lycopsids and 
calamitaleans. Results point to the Stephanian upland vegetation 
as being more differentiated than previously assumed. 
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FUNGAL ACTIVITIES IN FOSSIL WOOD

Carla Harper1,2, Michael Krings1,2 
1Bayerische Staatssammlung für Paläontologie und Geologie, Munich, Germany. 2Department of Ecology and Evolutionary 

Biology, and Biodiversity Institute and Natural History Museum, University of Kansas, Lawrence, KS, USA 

Silicified wood is one of the most abundant plant fossils, and 
symptoms of fungal degradation are frequently encountered 
within these fossils; many fungus-infected woods contain also ev-
idence of the causative agent in the form of hyphae, spores, etc. 
However, studies focusing on fungi and fungal activities in fossil 
wood fossil are rare. Three principal rot types (i.e., white, brown, 
soft) are known to occur in wood today, all inflicted by members 
of the Basidiomycota and, to a lesser extent, Ascomycota. It is in-
teresting to note that accounts of fossil fungal wood decay from 
the Paleozoic and Mesozoic exclusively describe white pocket rot, 
while the other rot types have not yet been documented. This lack 
of evidence is probably due to the nature of the decay and result-
ing wood texture, rather than the absence of the other rot types 
from ancient ecosystems. Moreover, there is paucity in the fossil 
record of studies describing parasitic wood fungi and interactions 
between different fungi within fossil wood. The purpose of this 
contribution is to give an overview of fungal features and activity 

patterns to look for while studying silicified woods, and provide 
fossil examples of wood decay from Antarctica, North America, 
and Europe. Several Paleozoic and Mesozoic woods provide infor-
mation on fungal signs and symptoms, abundant fungal remains 
associated with the decay, and distribution patterns are elucidat-
ed. An interesting angiosperm wood from the Cretaceous of North 
America yields information on ascomycete distribution pattern 
and interactions within the wood. Last, we present an exquisite 
gymnosperm wood from the Miocene of Germany that shows 
multiple interactions between wood rotting fungi and an intrusive 
fungus within a single specimen. We feel that, where preservation 
permits, a holistic approach in the study of fungi in fossil wood is 
important to secure and make available the largest possible data 
set for considerations on the coevolution between woody plants 
and fungi, character states for molecular clock calibrations, and 
fungi as proxies for (paleo)ecosystem cycling and functioning.
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SILICIFIED GYMNOSPERMOUS ROOTS FROM THE CHANGHSINGIAN–INDUAN (?) IN 
SOUTHERN BOGDA MOUNTAINS, NORTHWESTERN CHINA

Mingli Wan1, Wan Yang2, Jun Wang1 
1State Key Laboratory of Palaeobiology and Stratigraphy, Nanjing Institute of Geology and Palaeontology, Chinese Academy of 

Sciences, Nanjing, China. 2Geology and Geophysics Program, Missouri University of Science and Technology, Rolla, USA 

A silicified root, Amyelon bogdense Wan, Yang et Wang sp. nov., is 
described from the Changhsingian–Induan (?) Guodikeng For-
mation, south Taodonggou section, Turpan City, Xinjiang Uygur 
Autonomous Region, northwestern China. The root consists of 
diarch protostele, primary xylem, secondary xylem, secondary 
phloem, and periderm. Primary xylem is exarch, with helical and 
scalariform thickenings on tracheidal walls. Secondary xylem 
is Agathoxylon-type, with alternately bi- to tetraseriate radial tra-
cheidal pitting, uniseriate parenchymatous rays, and araucarioid 
cross-field pitting. Intercellular spaces occur between tracheids 
throughout the secondary xylem. Phloem is commonly compact. 
It is composed of radially aligned thick-walled cells, axial paren-
chyma and parenchymatous rays. Periderm consists of phello-
derm, phellogen and phellem. Phelloderm cells are distributed ex-
ternal to the secondary phloem, with variable morphologies and 
sizes. Cells of phellogen are commonly tabular and occasionally 

elongate. Phellem is distributed to the exterior of the phellogen, 
and is composed of 2–7, commonly 3–4 layers of radially arranged 
brick-shaped cells. Rootles are elliptical to circular, less than 4 mm 
in diameter. Anatomical structures of rootlet are similar to those 
of the root. The arrangement of secondary xylem shows wedge-
shaped spokes. Spaces between the secondary xylem spokes are 
either empty or filled with parenchyma. Some of the roots and 
rootlets have lenticel-like convex bodies. Lateral roots show no 
specific arrangement but appear to have been borne on only one 
side of the primary root. This is the first detailed report of the root 
anatomy with xylems and bark from the upper Palaeozoic of the 
subangaran phytoprovince. It shows different anatomical features 
with the stems previously recorded in northwestern China, and 
provides additional information on the diversity of the subanga-
ran flora.
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BURIED ALIVE IN SITU: LIFE AND DEATH OF THE MIOCENE PETRIFIED FOREST ON 
LESVOS, GREECE
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Greece 

Although the fossil forest on Lesvos, Greece, has been a paleobo-
tanical and cultural novelty and sensation for several centuries, 
our understanding of the paleoecology of the forest is still rather 
incomplete. Previous paleobotanical work had mainly concentrat-
ed on identifying the conifer and some angiosperm trunks found 
in original growth position. Recently, a new collaborative effort 
between geoscientists has been made to survey the stratigraphy, 
sedimentology, taphonomy, and floral composition of this Mio-
cene forest. The fossil forest is located on the western side of the 
island, as part of the Lesvos Global Geopark, and consists four ma-
jor fossil sites with standing trees: Bali Alonia Park, Sigri Park, Plaka 
Park, and Nisiopi Island. Of these, the largest exposure in which 
the silicified trees are best preserved and exposed is Bali Alonia. 
Here, more than 45 autochthonous trees are rooted and exposed 
in paleosols covering approximately 90 m of stratigraphic section. 
In the last seven years, stratigraphic and sedimentologic mapping 

of the trees, and the measurement of trunk tilt, directionality, and 
trunk size have allowed for the reconstruction of the size structure 
of the Miocene forest, as well as for its demise and burial. Prelim-
inary growth ring analysis, along with taxonomic identification 
and thin-sectioning of selective woods also have been carried out.  
Based on the preliminary data, we show the two-dimensional spa-
tial arrangement of the woody vegetation, describe the commu-
nity and three-dimensional structure of the forest, and elucidate 
the number of forest horizons at the Bali Alonia Park. Our paleo-
ecological studies indicate the presence of several stacked, mature, 
mixed conifer–hardwood forests that were buried in lahar hori-
zons at this paleobotanical site. Astonishingly, dendrochronology 
can be carried out on fossil trees found in situ on the same forest 
floor and shows that a catastrophic environmental event took 
place that resulted in an extreme and prolonged stunting of the 
growth in the forest trees.
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A COAL BALL FLORA FROM THE HAUPTFLÖZ SEAM (NAMURIAN C, LOWER 
BASHKIRIAN, PENNSYLVANIAN) OF THE RUHR DISTRICT, GERMANY

Hans Kerp, Iryna Röhr 

University of Münster, Münster, Germany 

Coal balls are not only an excellent source of information on the 
anatomy and histology of fossil plants but they also give an insight 
in composition of the swamp-forest vegetation that accumulated 
the biomass that was eventually transformed into coal. Many coal 
ball occurrences have been described from North American coal 
basins, ranging from the Kanawha (upper Westphalian B, Duck-
mantian) in the Appalachians to the uppermost Pennsylvanian 
(Gzhelian) of the Western Interior. In western and central Europe, 
however, coal ball occurrences are fewer and mostly restricted to 
relatively few seams in the Westphalian A and B (Langsettian and 
Duckmantian) and a single older occurrence with a rather high 
number of endemic species in the Koksflöz Seam (upper Namurian 
A, Serpukhovian) in the Ostrava-Karvina Basin (Czech Republic).

Here we present a coal ball flora from the Hauptflöz Seam, Namu-
rian C, from the former Carl Funke Mine in Essen-Heisingen. Over 
200 coal ball slabs were acquired for the Münster palaeobotany 
collection in the late 1960s. It is estimated that the collection orig-
inally consisted of around a dozen coal balls. Altogether some 25 
taxa could be identified. The preservation varies from rather poor 
to excellent. Calamitaleans are the most common elements and 

are represented by roots (Astromyelon), stems (Arthropitys), strobili 
(Calamostachys) and leaves. Also well represented are ferns, espe-
cially Stauropteris; less common are Botryopteris, Etapteris and Anky-
ropteris. Lycopsids are not really common and primarily represent-
ed by Stigmaria appendices, although these seem to be restricted 
to particular coal balls. Among the most common lycopsids are 
furthermore isolated Lepidophloios leaf cushions and leaves. Only 
a few, rather poorly preserved lycopsid stems, a couple of Lepidocar-
pon megasporophylls and few cone remains were found. A partly 
decayed lycopsid stem is overgrown by a dense Stauropteris stand. 
The pteridosperms of the Häuptflöz Seam include Medullosa, Ly-
ginopteris and Heterangium. Together with the silicified but rather 
poorly preserved plants from the same coal seam from a nearby 
mine described in the 1950s, the flora of the Hauptflöz Seam gives 
an idea of the composition of the swamp vegetation in the early 
Bashkirian. The flora shows more or less the same diversity as the 
younger, Langesettian and Duckmantian coal ball floras from the 
Netherlands and Belgium. In contrast to these younger coal ball 
floras, the Hauptflöz flora is not dominated by lycopsids but by ca-
lamitaleans and to a lesser extent by ferns.
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ANATOMY, AFFINITIES, AND EVOLUTIONARY IMPLICATIONS OF NEW EARLY 
CARBONIFEROUS SILICIFIED STEMS OF SPHENOPHYLLUM
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Sphenophyllales are an extinct group of sphenopsids, the clade 
represented today by the genus Equisetum (horsetails). They are 
known from the Late Devonian to the Triassic and the genus Sphe-
nophyllum is probably the best known representative of the group. 
Reconstructions of Late Carboniferous species show Sphenophyl-
lum as a non-self-supporting plant with a scrambling or climbing 
habit. Unlike extant sphenopsids, Sphenophyllum produced sec-
ondary xylem and detailed studies of Late Carboniferous species 
have shown that it contained very wide and long tracheids and a 
unique system of vertical parenchyma cells connected to the rays. 

In contrast with the numerous specimens and species reported 
during the Late Carboniferous, the anatomy of Early Carbonifer-
ous Sphenophyllum is poorly known, in part due to a smaller num-
ber of outcrops, most containing only compression/impression 
specimens. In Tournaisian deposits of Montagne Noire (France) 
and Thuringia (Germany) however, both compression/impres-
sions and anatomically preserved specimens have been reported. 
In this study, we describe 6 silicified specimens of Sphenophyllum 
from these two regions. The specimens are 2-10 mm in diameter. 
They have a sub-triangular stele about 1.5 -2 mm wide with one 
protoxylem strand at the end of each arm, usually represented by 
lacunae. The cortex forms 6 ridges and contains elongated cells 
that have a decreasing diameter and increasing wall thickness to-
wards the periphery. Leaf traces are emitted in whorls and one of 
the specimens branches. Some axes contain only primary tissues 
while others have a little amount of wood. Secondary xylem tra-

cheids have a maximum diameter of 80 µm. Rays are present but 
there is no evidence of other cell type. The new specimens are 
compared to Sphenophyllum insigne, a species erected in 1895 by 
Williamson and Scott for Early Carboniferous stems from Scotland 
and that differs significantly in anatomy from younger specimens 
of Sphenophyllum. Although they represent very short portions of 
stems and prove difficult to compare with compression/impres-
sion material, the new specimens are interesting in that they show 
some variability in terms of wood development. None has lost 
their primary cortex and it impossible to determine whether they 
had the potential to grow more and produce a secondary bark as 
has been demonstrated in other Sphenophyllum. 

A review of Sphenophyllales anatomy through time shows that 
Devonian-Early Carboniferous representatives differ significantly 
from the younger “classic” species, especially in terms of wood 
qualitative and quantitative characters which suggests different 
hydraulic and mechanical properties.
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EARLIEST SPERMATOPHYTE EVOLUTION: STATE OF THE ART AND NEW RESULTS.

Cyrille Prestianni1, Robert Gess2 
1Royal Belgian institute of Natural Sciences, Brussels, Belgium. 2Rhodes University, Grahamstown, South Africa 

The evolution of the seed habit constitutes one of the key evolu-
tionary step at the base of the present day land plant diversity. It 
nevertheless remains matter of many debates. Phylogenies remain 
unresolved as to know the exact relationship existing between the 
different Devonian representative of the lignophytes and their re-
lations with spermatophytes. The transition from free sporing to 
indehiscent monomegasporic plants remains obscure. Questions 
such as the growth habit, dispersal or ecology of the earliest seed 
plants are still heavily discussed and lack fossil evidences. A Give-
tian origin of the group is presently hypothesized and seemingly 
supported by the occurrence of the “proto-ovule” Runcaria heinze-
linii as well as several seed megaspores such as Spermasporites al-
lenii. It is however in the Famennian that the fossil record of the 

group really starts. Since the discovery by Pettitt and Beck (1968) 
of the first Devonian spermatophyte Archaeosperma arnoldii, many 
taxa have been described. They were mostly found in Laurussia 
(Belgium, UK, USA) and more recently in localities corresponding 
to present day China. In this presentation, after a short state of the 
art presenting several remaining key questions, we describe a new 
ovule taxa from the Famennian of South Africa. It was collected in 
the so called Waterloo Farm Lagerstaten near Grahamstown. This 
fossil represents the first occurence of seed plants on Gondwana. 
Though Uppermost Famennian in age, it documents a new mor-
phology surprisingly presenting several plesiomorphic characters 
that help at understanding the earliest steps of spermatophyte 
growth habit, ecology and evolution.
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GLOSSOPTERIDS LAST GASP? A REINVESTIGATION OF A LATE PERMIAN 
PERMINERALIZED FLORA FROM ANTARCTICA

Patricia Ryberg1, Rudolph Serbet2, Brian Atkinson2, Edith Taylor2 
1Park University, Kansas City, USA. 2University of Kansas, Lawrence, USA 

The Glossopteris flora dominated Gondwana throughout the 
Permian (252–299 Ma) as Earth’s climate transitioned from an ice-
house into a greenhouse. At the end of the Permian, glossopterid 
floras disappeared but no environmental/macroecological transi-
tion to the early Mesozoic Dicroidium flora has been documented 
in Antarctica. Localities in Antarctica have provided abundant 
data on the anatomy and morphology of glossopterids, and these 
clues demonstrate the diversity within the group as well as growth 
responses to high latitude environments. On a recent field expe-
dition to Antarctica (2017-2018), an extensive collection of per-
mineralized peat was gathered at the Collinson Ridge locality in 
the Shackleton Glacier region (85° 13.034’ S, 175° 15.97’W). This 
material was collected from several exposed lenses as well as debris 
slopes. In addition to the silicified peat, permineralized logs and in 
situ stumps were found in abundance along a sandstone ridge. The 
silicified peat is dominated by various glossopterids including: leaf 
mats, long and short shoots, Vertebraria, at least three morpholog-
ically distinctive ovules, and a microsporangiate structure con-
taining numerous pollen sacs, all of which indicates a low diver-
sity landscape. However, initial observations hint that the plant 
remains at Collinson Ridge have anatomical features distinctive 

from other permineralized floras and illustrate that the diversity 
of glossopterids across Antarctica may be greater than currently 
known.

Earlier stratigraphic reports of material from Collinson Ridge have 
proposed an Early Triassic age based on the lithology demonstrat-
ed by the presence of a braided river system dominated by coarse 
sandstones. Conversely, paleobotanical studies of the area have 
indicated that while Collinson Ridge has the lithology character-
istic of the lower Fremouw Formation, it is chronologically Late 
Permian in age based on the presence of Glossopteris and the ab-
sence of Lystrosaurus. In addition, the lithology depicts an extreme 
depositional environment in which the river system had evolved 
to infill the classic high water table of Permian meandering riv-
ers and formed the Triassic braided rivers. This would suggest that 
Collinson Ridge is one of the few Gondwanan localities where lat-
est Permian fossils may provide details on the diversity, biology, 
and ecology of the plants that inhabited glossopterid floras short-
ly before the Permian–Triassic extinction.
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RECONSTRUCTING HABITAT TYPES AND CLIMATE OF THE ‘BALTIC AMBER FOREST’: 
CONIFERS AND OTHER VASCULAR PLANTS
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The Baltic amber deposit is the largest amber deposit worldwide 
and it is particularly well-known for the plethora of arthropod 
inclusions it contains. The floristic composition of its source veg-
etation, the habitat types and climate of its source area, howev-
er, are still controversial, with differing suggestions ranging from 
early Eocene tropical to late Eocene temperate environments, and 
from lowland to montane forests. To clarify these issues surround-
ing the ‘Baltic amber forest’, we screened a vast amount of botan-
ical inclusions and chose those inclusions of vascular plants that 
provide reliable information about habitat structure and climate 
by comparing the inclusions to fossil analogous taxa and/or their 
nearest living relatives.

Our study of amber inclusions from historic collections, comple-
mented by recently discovered amber pieces, revealed the presence 
of a range of extant and extinct conifer genera. Conifer inclusions 
encompass a variety of Cupressaceae (Calocedrus sp., Taxodium 
sp. and Quasisequoia couttsiae), one representative of the Geinit-
ziaceae (Cupressospermum saxonicum), several Pinaceae (Abies sp., 

Cathaya sp., Nothotsuga protogaea, Pinus div. sp. and Pseudolarix 
sp.) and cladodes of Sciadopityaceae (Sciadopitys cf. tertiaria). In 
addition to the diverse conifer genera, several particularly ecolog-
ically relevant angiosperm groups are represented. These include 
members of the Cyperaceae with affinities to Rhynchospora sp. and 
Poaceae, as well as six species of dwarf mistletoes Arceuthobium sp. 
(Viscaceae), and the first fossil record of the carnivorous plant fam-
ily Roridulaceae.

These new findings hint at distinct source ecosystems within the 
‘Baltic amber forest’ source area: coastal swamps, back swamps and 
riparian forests, as well as mixed-mesophytic conifer-angiosperm 
forests with meadows and open areas. Based on the comparison 
of the climatic requirements and distributions of extant and fossil 
analogues of the amber inclusions, a warm-temperate humid cli-
mate is assumed. Our results challenge previous hypotheses about 
Baltic amber deriving from lower Eocene tropical or subtropical 
forests.
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RECONSTRUCTING HABITAT TYPES AND CLIMATE OF THE ‘BALTIC AMBER FOREST’: 
CALICIOID FUNGI AND LICHENS
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The common notion that Baltic amber derives from tropical or 
subtropical forests has recently been questioned based on the 
evaluation of plant inclusions from this amber deposit which 
rather suggest warm-temperate forests as source ecosystems. Re-
cent findings from fossil macrolichens are likewise most consis-
tent with humid but relatively well-illuminated temperate forests. 
We aimed to provide independent data from ecologically specific 
fungi that hint to climate and forest structure. Screening of major 
Baltic amber collections revealed that calicioid fungi were diverse 
and probably abundant in the source forests of the Baltic amber. 
The polyphyletic group of calicioid fungi can be highly specific to 
certain forest types and climatic conditions, and the extant forms 
exhibit high selectivity in their microhabitat preferences. Further-
more, their abundance and diversity in modern forest ecosystems 

is climate and habitat dependent. As the group has a wide extant 
distribution and it dates back at least to the Eocene it can provide 
valuable information about forest conditions, past and present. 
The assemblage of calicioid fungi from Baltic amber demonstrates 
that key features in the morphology of these organisms have not 
changed since at least the Eocene, indicating that also their fun-
damental niches have remained stable. The prominent presence 
of calicioids among amber fossils gives strong support to the over-
all perception of European Paleogene amber forests as temperate 
forests with variable and in places open canopies. These forests 
provided calicioids with suitable substrate and a variety of micro-
habitats that combined favorable light conditions with high at-
mospheric humidity.
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PALAEOGENE LICHENS AND THEIR ECOLOGICAL ADAPTATIONS
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Lichens are highly specialized symbioses between heterotrophic 
fungi and photoautotrophic green algae or cyanobacteria. The 
mycobionts of many lichens produce morphologically complex 
thalli to house their photobionts. Lichens play important roles 
in ecosystems and have been used as indicators of environmental 
change. We have inspected over 160 lichen inclusions enclosed in 
Baltic and Bitterfeld amber using light microscopic and scanning 
electron microscopic (SEM) imaging. The described material mul-
tiplied the number of known fossil lichens over tenfold, showing 
that the European Palaeogene amber is an important, previously 
largely neglected source of fossil lichens, and establishes fossil li-
chens as indicators of fossil forest ecosystems. Most of the fossils 
represent extant lineages of the Lecanoromycetes, an almost ex-

clusively lichen-symbiotic class of Ascomycota. Especially com-
mon are genus Anzia and some other representatives of the family 
Parmeliaceae.

The fossils include a wide variety of growth forms and many fine 
examples of morphological adaptation to the past forest environ-
ment, including adaptations that attached epiphytic thalli to their 
substrates, helped to combine external water storage with effective 
gas exchange and facilitated the simultaneous reproduction and 
dispersal of both partners in symbiosis. Some of the thallus mor-
phologies are missing or rare in the extant European lichen species 
and suggest that the climate of European Palaeogene amber forests 
was relatively humid and most likely temperate.
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AMBER AND THE ARAUCARIAN FORESTS OF NEW ZEALAND
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New Zealand’s terrestrial ecosystems are one of the notable mod-
ern global biodiversity hotspots, based on the level of endemism 
and distinctiveness of the biota. However, there is much debate 
surrounding the origin, antiquity and evolutionary history of this 
terrestrial biota due to the paucity of fossils. The history of New 
Zealand’s higher plants, and in particular the Araucariaceae, has 
been improving through new macro- and microfossil finds, and 
through the exciting discovery of araucarian-derived ambers. 
Taken together, they provide evidence that araucarians have been 
important trees in the forests of Zealandia since at least the Late 
Cretaceous.

Our recent finds in the South Island of New Zealand have uncov-
ered numerous Cretaceous and Cenozoic amber localities. The 
Cretaceous ambers are currently under investigation and their af-
finities are not yet known. Cenozoic ambers have been recovered 

from over 30 localities but are often bubble-filled and opaque, 
and so were thought to be devoid of fossil inclusions. Painstak-
ing preparation of the Cenozoic amber has led to the discovery 
that this is the first major araucarian-derived amber deposit with 
biological inclusions from the Southern Hemisphere. These am-
ber-preserved fossils comprise 10 orders and approximately 20 
families of terrestrial arthropods plus nematodes, fungal groups 
and plants. The inclusions also encompass diverse ecologies, giv-
ing us an unparalleled glimpse into the mid-Cenozoic araucarian 
forests of Zealandia. Many of these fossils represent groups with 
either poor or non-existent fossil records in New Zealand and else-
where in the Southern Hemisphere. Both the systematic and the 
ecological diversity of the biological inclusions highlight the po-
tential of New Zealand amber for reconstructing the past terrestri-
al ecosystems of Zealandia.
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BRINGING FOSSIL WOOD INTO POLICY OPTIONS: A CASE STUDY IN INDONESIA
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Fossil woods have been found in many regions in Indonesia and 
commonly commercialised as a precious stone.  Most cases show 
that generally fossil woods are traded in large sizes without further 
significant processing which can be categorised as raw materi-
al. On the other hand, the study of palaeobotany particularly in 
fossil wood is still limited due to its lack of scientific interest and 
expertise, whereas the comprehensive research on fossil wood in 
Indonesia is important to reconstruct the botanical identity of 

past floristic composition. The information obtained from palaeo-
botany study can be used to support the reforestation program in 
determining appropriate tree species in a certain area where the 
fossil woods are found. This unbalance phenomenon between the 
lack of research and over-exploitation triggers the fears of fossil 
wood extinction which means the loss of history of the ancient 
vegetation of Indonesian tropical forest. Therefore, it is important 
to bring this issue into several policy options to ensure the exis-
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tence of fossil wood for future generation. Pros and cons might 
be faced from different perspective between conservation and 
economic aspects because many fossil wood manufacturers have 
established for a long time. In the upcoming conference, we will 
present our review on the research status of fossil wood research in 
Indonesia which show interesting fact of the extinction of certain 
tree species, the current status of fossil wood in Indonesia in terms 
of utilisations and trade, the possible policy options to solve the 
problem based on literature review and multi-stakeholder focus 
group discussion. Some policy options have been recommended 

such as the regulation to promote the establishment of fossil wood 
conservation sites and how to control fossil wood extraction for 
commercial purposes. During the conference, we do hope to gain 
knowledge and information as much as possible regarding how 
European countries manage their petrified wood.

Keywords: fossil wood, Indonesia, policy, conservation, extraction
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USING POSTGLACIAL VEGETATION HISTORY TO PROVIDE GUIDANCE ON POSSIBLE 
FUTURE RATES OF VEGETATION CHANGE

Thomas Giesecke 

University of Goettingen, Goettingen, Germany 

The climate warming at the end of the last ice age is the most 
recent example of a global state shift and numerous pollen and 
macrofossil records document the associated changes of the ter-
restrial biosphere. European pollen data collected in the European 
Pollen Database (EPD) document that trees have spread rapidly 
at the beginning of the Holocene with rates that would keep up 
with predicted velocities of future climate change. While many 
pollen diagrams show strong changes at the onset of the Holocene 
warming others document lower rates of change and we can use 
these differences in response to climate change to explore factors 
such as soil texture that may influence possible rates of change. 
Comparing pollen diagrams from the Alps provides insights on 
the importance of the initial vegetation on the timing and dy-

namics of vegetation change. At low elevations a forest with bo-
real elements persisted during the Younger Dryas and presented 
an inertia for the establishment of newly arriving trees during the 
Early Holocene. As a result, populations of temperate trees started 
to grow earlier in higher locations, although at slower rates due 
to the generally lower temperatures. These examples document 
general processes with relevance to the ongoing debate on the 
consequences of global warming on the vegetation. Nevertheless, 
the palaeoecological perspective also indicates that recent land 
use had an as strong or stronger effect on vegetation change and at 
least in Europe future vegetation dynamics will largely depend on 
management practices.
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HOW RELIABLE IS THE DINOCYST GENUS SVALBARDELLA AS A TEMPERATURE PROXY: 
IMPLICATIONS FOR PALEOCLIMATOLOGICAL STUDIES OF THE LATE PALEOGENE

Kasia Sliwinska 

Geological Survey of Denmark and Greenland (GEUS), Copenhagen, Denmark 

Currently the dinocyst genus Svalbardella is represented by two 
formally described morphotypes: Svalbardella cooksoniae (type spe-
cies) and S. partimtabulata. However, a number of informal Sval-
bardella-like species have been registered from the northern hemi-
sphere settings. Notably, some of these Svalbardella-like forms 
show features typical for the Paleocystodinium genus. It is generally 
accepted that Svalbardella spp. differs from Paleocystodinium spp. 
in having bluntly rounded apical and antapical horns and indica-
tions of paratabulation other than the archeophyle.

Svalbardella is known mainly from late Middle Eocene to Oligocene 
deposits of northern high latitudes (e.g. 1,2). The first appearance 
of Svalbardella in the Northern Atlantic is dated to 41.9 Ma (2). The 
paleogeographic distribution of Svalbardella suggests an affinity 
with cold, arctic water masses (3), and thus the genus is commonly 
applied as a cold(er) water indicator. In addition, Svalbardella–rich 
intervals described from Early and mid-Oligocene strata have been 
linked with the two Oligocene glacial maxima, the Oi-1a and the 
Oi-2b, respectively (4,5).

However, a recent study based on organic biomarkers (6) have 

shown that an interval yielding S. partimtabulata in the Middle 
Eocene of Denmark corresponds with elevated sea-surface tem-
peratures. This is just one of several examples illustrating that con-
sidering the entire genus of Svalbardella as a proxy for sea surface 
cooling may be misleading. This study aims to recognize and de-
scribe key species within the Svalbardella genus, and to assess their 
potential as paleoclimatological proxies.

Acknowledgments: This research was funded by Det Frie Forsk-
ningsråd/Natur og Univers, Grant No. 11-107497.
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CONSISTENCY IN THE RELATIONSHIP BETWEEN FIELD-MEASURED STOMATAL 
CONDUCTANCE AND THEORETICAL MAXIMUM STOMATAL CONDUCTANCE ACROSS 

FOUR BIOMES PROVIDES A NEW REFERENCE FOR PALAEOPROXIES

Michelle Murray, Wuu Kuang Soh, Jennifer C McElwain 

Trinity College Dublin, Dublin, Ireland 

A defined scaling relationship between operational stomatal 
conductance (gop) and the theoretical (anatomical) maximum 
stomatal conductance (gmax) of plants in response to changing at-
mospheric CO2 concentration is an important tool for assessing 
plant-climate interactions. For palaeobotanists gmax is an import-
ant palaeotrait proxy for inferring gop and palaeoatmospheric CO2 
concentration from the fossil record to track plant macroevolution 
through changing climate. It is well established that under field 
conditions gop is measured at only a fraction of gmax. To date how-
ever, investigations of the gop:gmax relationship in modern plants 
have been geographically narrow and limited to a small number 
of controlled environment or single-species field experiments so 
that for vegetation in natural forested ecosystems it remains un-
defined and virtually unexplored. We investigated the present-day 

field-measured gop:gmax ratios in 26 deciduous and 49 evergreen 
woody angiosperm species in four biomes (boreal, temperate rain-, 
tropical rain- and tropical seasonal forests) to explore the pattern 
of this relationship at species, plant functional type (PFT) and bi-
ome levels. Despite wide inter-species variability in all biomes, we 
determine a consistency in scaling relationship at PFT (deciduous 
and evergreen) and biome levels. This novel dataset could improve 
palaeo-climate models by providing gop:gmax scaling factors that 
affect the estimated gop calculated from gmax, which currently may 
be underestimated. It may also help to reduce uncertainty in gop 
calculated from fossil stomatal geometry to assess paleophysiolog-
ical plant and palaeoecosystem function and better interpret and 
predict their responses to climate change, past, present and future.
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MULTIPLE PALAEOECOLOGICAL PROXIES CONSTRAIN THE INTERPLAY BETWEEN 
TIBETAN PLATEAU GROWTH, THE PROTO-MONSOONS AND FLORAL DISPERSAL 

DURING THE EARLY INDIA-ASIA COLLISION
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The interplay between tectonics, monsoonal climate regimes, and 
biodiversity of the Tibetan Plateau has been the recent focus of 
much investigation. However, the linkages between orogeny and 
climate, as well as their impacts on floral diversity, are still unclear. 
The Nangqian Basin of east-central Tibet holds a key Paleocene–
Eocene record of deformation and environmental change during 
the early stage of the India-Asia collision, the development of the 
Tibetan Plateau, and the proto-monsoons. Here, we examine new 
palynoassemblages recovered from this basin and apply Fourier 
Transform Infrared (FTIR) microspectroscopy to quantify ultraviolet 
irradiance based on pollen chemistry, in combination with plant 
leaf wax biomarkers. Although the studied section was previously 
assigned a mid-Cretaceous age based on ostracods, this new paly-
nological evidence combined with magnetostratigraphy rather in-

dicates a Paleogene age. Volcanic intrusives and extrusives crosscut 
the lacustrine to alluvial Cenozoic Nangqian strata, providing a 
minimum age constraint at ca. 37 Ma. In the context of a proto-Ti-
betan Plateau established early in the Cenozoic, the abundance of 
high-altitude bisaccates from the Nangqian section is of particular 
interest. It largely predates the spread of high-altitude elements to 
the North in Central Asia from 36 Ma, and their diversification after 
the 34 Ma Eocene–Oligocene transition cooling. These observations 
are in line with a growing body of evidence that parts of the Tibetan 
Plateau had attained high elevations similar to modern conditions 
soon after the India-Asia collision. The outward growth from this el-
evated central part of the Tibetan Plateau, with associated effects on 
the monsoons, is envisioned to have had major effects on dispersal 
and speciation of the Pinophyta across Asia during the Paleogene.
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Insect damage patterns on fossil leaves are an important tool to 
understand the evolution of plant-insect interactions and its re-
sponse to climate change in the geological past. There are abun-
dant investigations focusing on these patterns especially during 
the past two decades; however, only few studies have been carried 
out in China, where it is pivotal to understand the evolutionary 
pattern of plant-insect interactions.

Recently, we found plenty of fossil leaves with well-preserved dam-
age types from the Kajun flora in Markam County, which is locat-
ed in the southeast of the Qinghai-Tibetan Plateau (QTP, 29°45'N; 
98°25' E). According to the latest 40Ar/39Ar dating, the Kajun flora 
ranges from the latest Eocene to earliest Oligocene. The entire stra-
tum bears abundant plant fossils; among all layers, two layers (MK-
1, 33.4 ± 0.6 Ma and MK-3, 34.6± 0.8 Ma) are the richest in plant 
fossils with good preservation, which allows for observing insect 
damages on fossil leaves.

Floristic components indicate that MK-1 is dominated by Equi-
setum and Salix, whereas MK-3 is dominated by Cyclobalanopsis 
and Betula. The CLAMP (ClimateLeaf Multivariate Analysis Pro-

gram) result of MK-1 is 10.77±1.25°C for mean annual temperature 
(MAT), and MK-3 is 14.58±1.25°C (MAT). The fossil leaves from 
both layers show divers insect damage that can be affiliated to 
different damage types (DTs). Of the total of 692 leaves in MK-1, 
161 leaves were damaged. We identified 18 DTs in this assemblage, 
among which the major damage types are hole feeding and skele-
tonization. Of the total of 1.909 leaves in MK-3, 787 leaves were 
damaged. From the 39 DTs we had identified, the richest damage 
types of this assemblage are hole feeding, margin feeding and gall-
ing.

Compared to MK-1 assemblage, the MK-3 assemblage has much 
higher damage frequency and more damage types. Together with 
paleoclimate reconstructions, this study indicates that the decline 
of temperature might be the driving force for the decrease of insect 
damage frequency and the plant communities of the Kajun flora. 
We conclude that the global climate decrease as well as the moun-
tain uplift during the latest Eocene to earliest Oligocene should be 
main factors to stimulate the change in plant-insect interactions 
in the Qinghai-Tibetan Plateau.
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MORPHYLL: A MORPHOMETRIC DATABASE FOR FOSSIL LEAVES
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Various methods for palaeoenvironment reconstruction utilize 
leaf traits and their correlations with climate, such as the widely 
used CLAMP or Leaf Margin Analysis. New approaches are still be-
ing developed to extract more palaeoecological information from 
fossil leaves, particularly with respect to quantitative leaf trait data 
obtained by digitization and morphometry.   An example is leaf 
mass per area, an important ecophysiological parameter which 
can be approximated by petiole leaf width and lamina area. Data 
availability and data quality is crucial for trait-based approaches 
which will therefore considerably benefit from internet resources. 
Recently, the database MORPHYLL was introduced which offers a 
web-based resource for fossil leaf trait data, including quantitative 
(= continuous) parameters such as leaf lamina area and perimeter 
as well as qualitative (= categorical) parameters, such as presence 
or absence of leaf teeth or lobation. Currently, data from about 
6000 fossil leaves are included, from more than 20 collections of 
fossil leaf floras from eight European museums in five countries in 
Central Europe. The age range of the material spans almost the en-
tire Paleogene and Neogene. The data are based on digital images 
obtained from the fossil leaf specimens by photography or scan-

ning. Data extraction is based on reconstructing the outlines of 
the fossil leaves as a GIS shapefile. In this way, the fossil leaf shape 
is represented as a well-established geospatial vector data format 
for geographic information systems (GIS), allowing  data process-
ing and extraction in  spatial databases using spatial SQL-queries. 
Both images and shapefiles are stored in MORPHYLL, together 
with the extracted quantitative morphometric data and various 
metadata (specimen accession number, fossil site name with strati-
graphic position, location of repository/collection, etc.). Choos-
ing GIS as a tool for editing leaf outlines  offers various advantag-
es such as flexibility, transparency of image processing, and easy 
re-analysis for further morphometric parameters. The database is 
accessible via http://www.morphyll.naturkundemuseum-bw.de/
index.php.
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NON-POLLEN PALYNOMORPHS DATABASE: CHALLENGE AND IMPLEMENTATION
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Non-pollen palynomorphs (NPP) represent a large group of micro-
scopic remains found in palynological slides besides pollen and 
spores. They are represented by algal remains, fungal spores, rest-
ing stages and eggs of invertebrates. Starting in the 70th of the 20th 
century with studies by Bas van Geel and colleagues, large num-
bers of new described types are published every year. In order to 
get an overview to the wide world of these “extra fossils” in pollen 
slides, we decided to create a webpage aiming to gather informa-

tion about NPP, structuring it by nomenclature and where possible 
taxonomy and help by identification. The webpage is currently in 
development: http://nonpollenpalynomorphs.tsu.ru/. One of 
the important parts of the webpage is the database with illustra-
tions, descriptions and ecological information about the NPP. It is 
developed with php and MySQL. In this talk, we will present the 
webpage and the NPP database and discuss challenges in imple-
mentation.
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STRADITIZE: AN OPEN-SOURCE PROGRAM FOR DIGITIZING POLLEN DIAGRAMS AND 
OTHER TYPES OF STRATIGRAPHIC DATA
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In an age of digital data analysis, gaining access to data from the 
pre-digital era – or any data that is only available as a figure on a 
page – remains a problem and an under-utilized scientific resource. 
Whilst there are numerous programs available that allow the digi-
tization of scientific data in a simple x-y graph format, we know of 
no semi-automated program that can deal with data plotted with 
multiple horizontal axes that share the same vertical axis, such as 
pollen diagrams and other stratigraphic figures that are common 
in the Earth sciences. STRADITIZE (Stratigraphic Diagram Digitiz-
er) is a new open-source program that allows stratigraphic figures 
to be digitized in a single semi-automated operation. It is designed 
to detect multiple plots of variables analyzed along the same verti-
cal axis, whether this is a sediment core or any similar depth/time 
series.

 The program is written in python and supports mixtures of many 
different diagram types, such as bar plots, line plots, as well as shad-
ed, stacked, and filled area plots. The package provides an exten-
sively documented graphical user interface for a point-and-click 
handling of the semi-automatic process, but can also be scripted 
or used from the command line. Other features of STRADITIZE 
include text recognition to interpret the names of the different 
plotted variables, the automatic and semi-automatic recognition 
of picture artifacts, as well an automatic measurement finder to 
exactly reproduce the data that has been used to create the dia-
gram. Evaluation of the program has been undertaken comparing 
the digitization of published figures with the original digital data. 
This generally shows very good results, although this is inevitably 
reliant on the quality and resolution of the original figure.
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This symposium highlights the extraordinary scientific achieve-
ments and the exceptional impact on future scientific directions 
by one of the most remarkable paleobotanists of our time. The late 
Thomas (Tom) Norwood Taylor (1937–2016) is renowned for his 
prolific creative scholarship, effective teaching, generous mentor-
ship, innovative expansion of paleobiological inquiry, tireless de-
velopment of scholarly institutions, and fierce loyalty to students, 
postdocs, and colleagues. Perhaps most awe inspiring was Tom’s 
ability to bring together innovative collaborations, many reflected 
within this symposium, that constantly pushed the discipline for-
ward. This introduction highlights Tom’s early accomplishments 
and contributions to Carboniferous fossil plant morphology and 
anatomy in the laboratory of Wilson Stewart, and his fruitful col-

laboration with Don Eggert at the University of Illinois at Chicago 
Circle, where Tom pioneered the use of scanning and transmission 
electron microscopy to elucidate ultrastructural features of pollen 
and spores. It also emphasizes his later pioneering work in the dis-
cipline of paleomycology and expansion of research emphasis to 
Antarctic Gondwana at The Ohio State University, and finally a 
culmination of his research foci on paleo-organismal interactions 
and interrelatedness at the University of Kansas. The presenta-
tions that follow represent a small cross section of the research 
areas Tom has developed, strengthened, and expanded, the new 
techniques he has developed, the collaborations he has forged, 
and scholarly careers he has influenced.
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NEW APPROACHES IN ELUCIDATING THE ANATOMY OF EARLY LAND PLANTS
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The evolutionary relationships between the lineages of living 
bryophytes and vascular plants are still not fully understood. No 
consensus has yet been achieved from phylogenetic analyses. To 
determine the sequence of early land plant character evolution 
it is therefore essential to study early embryophyte fossil lager-
stätten. One of the oldest and most diverse assemblages of early 
embryophytes is from Lower Devonian strata at Brown Clee Hill, 
Shropshire (UK), in which plant anatomy has been preserved to 
cellular level by charcoalification. Studies using scanning electron 
microscopy spanning the last 30 years have revealed this to be a di-
verse assemblage of early tracheophytes and a group of plants that 
possess both tracheophytic and bryophytic characters. While the 
charcoalification process has preserved these plants exceptionally 
well, including their in situ spores, these rare specimens are minute 
and fragmentary, and compressed to varying degrees. Elucidating 
the anatomy of internal tissues within axes has proven difficult to 

achieve, particularly the recognition of conducting cells, includ-
ing tracheids, a key synapomorphy of the tracheophytes. We have 
had some success in physically sectioning embedded specimens 
for ultrastructural studies using transmission electron microscopy 
(TEM). We have developed this approach further with the use of 
semi-thin sections (~100 µm slices) mounted on slides for optical 
microscopy, which provide us with smaller scale structural data, 
such as the arrangement of spore units within polyads and the 
cellular structure of sporangial and axial walls. Computed tomog-
raphy provides us a non-invasive and non-destructive alternative 
approach. Here we present data from Synchrotron Radiation X-ray 
tomographic microscopy of Lower Devonian charcoalified em-
bryophytes from the Swiss Light Source, Switzerland. In particu-
lar, we show evidence for tracheids in Tortilicaulis for the first time, 
cementing this taxon as a tracheophyte and not a bryophyte.
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REST WELL WITHIN A MICROBIAL MAT: EXCEPTIONAL PRESERVATION OF 
MICROORGANISMS IN THE LOWER DEVONIAN RHYNIE AND WINDYFIELD CHERTS, 

SCOTLAND
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Microbial mats were widespread in the Lower Devonian Rhynie 
and Windyfield environments, and comprised diverse communi-
ties of organisms, including bacteria, cyanobacteria, fungi, algae, 
and animals; the framework builder of these structures was a fila-
mentous organism formally described as Croftalania venusta and 
interpreted as a cyanobacterium. However, the vast majority of 
other life forms that occurred in the mats have not been studied 
in detail to date, nor has the complexity of the mat communities 
been assessed. Nevertheless, it is reasonable to assume that the 
many different organisms present in the Rhynie and Windyfield 
microbial mats did not only use the mat as a habitat, but also var-
iously interacted with each other. For example, charophyte algae 
that occur in Windyfield microbial mats demonstrate multiple 
levels of interaction with both the mat framework builder and 
certain microfungi, including one type that is characterized by 
thick-walled, epibiotic zoosporangia and multi-branched rhizo-
mycelia. Another form possesses short-stalked, lacrimoid zoospo-

rangia with a single discharge opening. The mostly sublime pres-
ervation of the fungi suggests that, in settings such as the Rhynie 
and Windyfield paleoenvironments, the mat framework had a 
cushioning effect on destructive mechanical forces such as wa-
ter movement, and hence was effective as a conservation trap for 
the delicate microorganisms. Supporting this hypothesis also is a 
dense stand of particularly delicate organisms attached to another 
charophyte branch. Specimens are up to 30 µm in size and com-
prised of a long, narrow stalk to which is attached a funnel-shaped 
cell. The fossils are reminiscent of certain present-day heterokonts, 
lower fungi, and ciliophores. Although the systematic affinities of 
the long-stalked microorganisms remain unresolved, their discov-
ery is important because it indicates that microbial mats can be 
important sources of new information on the evolutionary histo-
ry of lineages of organisms that do not normally become preserved 
as fossils.
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Different models indicate that the evolution of trees and the col-
onization of land by forests drove significant changes in the car-
bon cycle and a marked drop in the atmospheric CO2 during the 
Devonian. However, the contribution of early trees and forests to 
the terrestrial carbon has never been quantified. As a first step to 
resolve this challenge, we propose to calculate the above-ground 
biomass and carbon content stored in a Middle Devonian forest 
structured like the in situ Givetian forest reported at Riverside 
Quarry, Gilboa, New York State (Stein et al., 2012). Trees in this for-
est belong to the Pseudosporochnales. Above ground, they consist 
of a trunk topped by a crown of branches. Pseudosporochnus, the 
most widely distributed and best known genus of Pseudosporoch-
nales, is chosen here to represent an archetypal tree of these early 
forests, and Lorophyton to represent an archetypal early growth 
stage of these trees (Fairon-Demaret & Li, 1993; Berry & Fairon-De-
maret, 2002).

This communication presents the architectural modeling of a 3-m 
high Pseudosporochnus tree using the AmapSim software and its 
computer simulator (Barczi et al., 2008). The carbon content of the 
tree and of its components is calculated at any time during growth 

using the mean carbon density of two Carboniferous plants of 
comparable structure, Psaronius and Medullosa (Baker & Dimi-
chele, 1997). The carbon content of a fully grown tree is calculated 
to range between 837 and 1,300 g C. At 40% of development and 
beyond, most of the carbon is contained in the trunk. However, 
when considering the cumulative amount of carbon, i.e. as if the 
tree had retained all its branches during growth, most of the car-
bon is allocated to the branches.

Given some assumptions on the density and age of the trees, the 
carbon content of a Pseudosporochnus forest is calculated to range 
between 4.3 and 15.5 t C/ha. It is relatively low compared to extant 
forests, the closest analogs in terms of productivity being either 
thickets of young trees or environmentally constrained forests. 
The accuracy of the model is discussed and any conclusion about 
an adaptation of pseudosporochnalean forests to constrained en-
vironments must be taken with great care. Yet, it is interesting to 
note that previous authors reporting forests around Gilboa sug-
gested that they inhabited either stressed or disturbed environ-
ments (Mintz et al., 2010; Stein et al. 2012).
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WOODY PLANTS FROM THE EARLY DEVONIAN OF CANADA
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Several Early Devonian (Pragian and Emsian) aged plants, Armori-
caphyton chateaupannense, Franhueberia gerriennii, and at least one 
undescribed taxon from eastern Canada, exhibit a small amount 
of secondary xylem much earlier than previously known.  Where 
preserved morphologically, stems are 3-5 mm wide, and branch; 
anatomy shows that all exhibit P-type secondary wall patterns in 
some or all of the tracheids, suggesting they may represent mem-
bers of a basal euphyllophyte lineage. Lateral trace emission pat-
tern is now known for Armoricaphyton.

The undescribed Emsian taxon from New Brunswick includes axes 
with only primary xylem or both primary and secondary xylem. 
Lateral traces differ markedly from the first type in departing from 
either end of an elongated stele.  A second axis type from the same 
locality, based on a small number of specimens, exhibits a poorly 
preserved region of primary xylem and up to 80 rows of aligned 
(secondary) tracheids.   The axis divides isotomously.   Recently 
studied specimens from Emsian strata near Seal Rock, Gaspé exhib-
it morphologically and anatomically preserved slender (3-5 mm) 
axes, some fertile, suggesting an affinity to Psilophyton.  Anatomy 
is a centrarch haplostele; lateral trace departure is similar to known 
psilophytons.   Wider ribbed axes (7-9 mm) occur in association 

with the Psilophyton- type ones, producing lateral branches similar 
in diameter to slender ones.  Non-fertile axes 4-8 mm diam, and 
one clearly wide axis exhibit both primary and putative secondary 
xylem.  This assemblage represents either two taxa, or different re-
gions of one; if one, and if it is assignable to Psilophyton, it would 
demonstrate some of the widest (perhaps basal?) axes known for 
a Psilophyton and presence of probable secondary growth in that 
taxon.

These discoveries raise a number of interesting questions about 
mode and pattern of vascular cambium evolution, including in 
how many lineages and how many times within a given lineage 
has secondary tissue arisen; do these plants possess a uni- or bifa-
cial cambium and if unifacial, why is there only a limited amount 
of secondary growth? What role does so-called aligned metaxylem 
or ground tissue play? How does the presence of a cambium in 
Psilophyton-grade Early Devonian plants relate to evolution of 
secondary tissues in lignophytes and/or other euphyllophytes?   
What are the implications in regard to evolution of different plant 
architectures in Early to Middle Devonian times, especially when 
these taxa suggest size is not the only factor driving evolution of 
secondary tissues?
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THE DYNAMICS OF AN EMERALD PLANET – LARGE-SCALE PATTERNS IN VEGETATION 
CHANGE THROUGH GEOLOGICAL TIME

Borja Cascales-Miñana1, Christopher Cleal2 
1Evo-Eco-Paleo, UMR 8198-CNRS, University of Lille, Lille, France. 2National Museum Wales, Cardiff, United Kingdom 

Based on a comprehensive dataset of plant family distributions 
through geological time, broad patterns have been revealed in the 
overall trajectory of vegetation history. It has provided firmer defi-
nitions to the traditional concepts of Palaeophytic, Mesophytic 
and Cenophytic floras, as well as revealing two pre-Carboniferous, 
“early land plant” floras termed Eophytic and Rhyniophytic. The 
relationships between these floras can be seen in the context of 
the appearance of key evolutionary innovations in plants such as 
seeds, secondary wood and flowers, as well as the responses of veg-
etation to abiotic factors such as plate tectonics and atmosphere. 
The much vaunted mass extinctions that have been regarded as 
key events in the evolution of the Earth’s biotas in fact had rela-
tively little long-term effect on the overall trajectory of vegetation 
history. Indeed, plant fossil dynamics suggests that the great ma-
rine biodiversity depletions were sometimes coeval with diversi-

fication episodes in terrestrial ecosystems. For instance, while we 
see high marine extinction rates during Late Devonian times, 
terrestrial life experienced the transition to a forested planet. Like-
wise, while the end-Triassic and end-Cretaceous extinction events 
triggered devastating effects on marine faunas, the land biosphere 
experienced the heyday of gymnosperms and the explosive diver-
sification of angiosperms, respectively. This suggests that global 
extinction dynamics operate independently between marine and 
land ecosystems.

B.C.M. thanks the support provided by the Région Hauts-de-France, 
the Ministère de l’Enseignement Supérieur et de la Recherche (CPER 
Climibio), and the European Fund for Regional Economic Devel-
opment.
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INTRA- AND INTERSPECIFIC VARIATION IN LEAF ANATOMY ACROSS CLIMATE 
GRADIENTS OF EXTANT CUPRESSACEAE AND IMPLICATIONS FOR PAST 

ENVIRONMENTAL NICHES OF EXTINCT TAXA

Molly Ng, Selena Smith 

University of Michigan, Ann Arbor, USA 

Anatomy in plants can vary across an environmental gradient, 
and thus understanding the specific climatic controls on anatom-
ical traits within modern species can lead to improved interpreta-
tion of the fossil record, with the potential to investigate climate 
niches and paleo-physiology from fossil plants. Cupressaceae, a 
family of evergreen conifers, occupy a broad range of ecological 
niches today, are hypothesized to have undergone little morpho-
logical evolution since the Cretaceous, and are well-represented 
in the fossil record, making them useful for testing the relation-
ship between environment, structure, and habitat. Three species, 
Metasequoia, Sequoia, and Taxodium were chosen for initial study; 
in the geologic record, these taxa co-occurred in forests across the 
Northern Hemisphere but their ranges have since contracted to 
their modern restricted geographies. Cultivated and wild extant 
samples (n=146) were collected from 39 sites across North Ameri-
ca, Europe, and Asia. Three branchlets from three trees at each site 
were sampled and leaves were sectioned using traditional paraf-
fin embedding and sectioning techniques. Eight anatomical leaf 
traits were quantified: area of vascular bundle and resin canal, en-
tire cross section area, leaf width, maximum leaf thickness, and 
epidermal, mesophyll, and palisade layer thickness. Anatomically 
preserved leaf sections of fossils from the same genera were mea-

sured for the same traits. Climate data were extracted from eleven 
BioClim variables. Data were analyzed using principal compo-
nents analysis (PCA) and canonical correlation analysis (CCA). 
PCA showed all taxa occupy a distinct morphospace. Taxodium oc-
cupies a much smaller morphospace than Metasequoia or Sequoia, 
and fossils fall within the morphospace of extant taxa. The first 
two principal components (PC) explained most of the variation 
in the data (99.99%). Entire leaf cross-sectional area explained 
most of the variation on PC1 (99.97%) and area of vascular bundle 
and resin canal explained most of the variation on PC2 (0.02%). 
CCA analyses examined the relationship of anatomy with cli-
matic variables. CCA results identified four main sets of climate 
variables that explain the variation in the data: seasonally cold 
and wet, precipitation seasonality, seasonally warm and wet, and 
temperature seasonality. Taxa largely occupy distinct climate-an-
atomical morphospaces, with some fossils falling outside of the 
modern parameter space, possibly indicating that fossil taxa were 
occupying different environmental niches than their modern rel-
atives. This study demonstrates that morphological investigation 
of extant and extinct taxa along environmental gradients can help 
to quantify the relationships between niche and anatomy better, 
ultimately informing evolution of distributions and physiology.
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USING DISPERSED CUTICLES TO EVALUATE CANOPY DENSITY VARIATION IN DEEP 
TIME: THE LOSS OF PLANT COVER AT THE CRETACEOUS–PALEOGENE BOUNDARY 

(NORTH DAKOTA, USA)

Antoine Bercovici1, Regan Dunn2, Daniel Field3, Tyler Lyson4, David Fastovsky5 
1NMNH Smithsonian Institution, Washington DC, USA. 2Field Museum of Natural History, Chicago, USA. 3University of Bath, 
Bath, United Kingdom. 4Denver Museum of Nature and Science, Denver, USA. 5University of Rhode Island, Kingston, USA 

The Cretaceous–Paleogene (K–Pg) mass extinction event is associ-
ated with profound changes in terrestrial plant ecosystems. These 
changes are especially well documented in North America, from 
the Hell Creek and Fort Union Formations in the Marmarth area of 
North Dakota. Those sediments record a drastic reduction in plant 
species diversity in leaf fossil assemblages, directly coinciding with 
mineralogical (boundary clay, shocked quartz) and geochemical 
(iridium anomaly) evidence of the Chicxulub asteroid impact. 
This reduction in diversity can also be tracked in the palynological 
record with the loss of many pollen taxa and the high abundance 
of fern spores (the fern spike event) immediately following the K–
Pg boundary, all-together indicating drastic changes in the com-
position of plant cover.

In addition to pollen and spores, dispersed leaf cuticles are an 
abundant component of palynological preparations. A correla-
tion independent of taxonomy has been illustrated between the 
size and shape of leaf epidermal cells and vegetal cover density, en-
abling the use of reconstructed Leaf Area Index (rLAI) from cuticles 
as a new proxy to track changes in plant cover architecture across 
the K–Pg boundary. We have conducted a preliminary test on the 
John’s Nose section, north of Marmarth, which has been sampled 

at ~1 cm resolution for palynological analyses across the boundary 
clay. Results from the cuticle analysis show a significant decrease 
in rLAI directly coincident with the markers of the Chicxulub im-
pact and the palynologically defined K–Pg boundary. These results 
provide the first direct evidence of deforestation as a result of the 
impact blast and/or associated wildfires.

The temporary loss of plant cover represents a key element in the 
discussion of extinction selectivity and recovery dynamics fol-
lowing the K–Pg mass extinction event. To investigate the link 
between K–Pg deforestation and its impact on animal evolution, 
we have performed paleoecological reconstructions and ecomor-
phological analyses on K–Pg boundary-crossing bird clades. Our 
results illustrate that the K–Pg mass extinction evinced strong 
selectivity for the survival of non-arboreal birds across the K–Pg 
boundary, which may be attributable to the temporary yet wide-
spread loss of forest habitats.

In addition to its utility for reconstructing canopy density, the use 
of rLAI on dispersed cuticles serves as a new independent marker 
to identify the K–Pg boundary at localities where other direct evi-
dence of the Chicxulub impact is not preserved.

O203

A HIGH-RESOLUTION RECORD OF LEAF MASS PER AREA ACROSS THE CRETACEOUS-
PALEOGENE BOUNDARY FROM THE DENVER BASIN, COLORADO

Matthew Butrim, Dana Royer 

Wesleyan University, Middletown, USA 

Sixty-six million years ago, the Cretaceous-Paleogene (KPg) mass 
extinction led to immense floral turnover, yet the ecological fall-
out is less understood.  The leaf economic spectrum (LES), a con-
tinuum of viable leaf strategies ranging from a fast return on nutri-
ent investment to a slow return, is constructed with leaf functional 
traits such as leaf mass per area (LMA)—a measure of a plant’s in-
vestment of carbon into its leaves.  Unlike most other functional 
traits, which are inaccessible in leaf macrofossils, LMA can be es-
timated via a proxy that uses petiole width squared to reconstruct 
leaf mass (Royer et al., 2007).

Blonder et al. (2014) used this proxy to measure LMA across the 
KPg in the Williston Basin of North Dakota and found a loss of 
high LMA species coincident with the boundary, implying a Paleo-
cene shift towards fast-return leaf strategies.  This shift may be at-
tributable to the selective extinction of slow-return species during 
an impact winter caused by the Chicxulub bolide impact.  In this 
scenario, deciduous (fast-return) taxa would be better suited to 
waiting out the extended conditions of dark and cold than ever-
green (generally slow-return) species.

We test this hypothesis with a new dataset from the Denver Basin 
in Colorado.   With over 500 newly measured fossil leaves from a 
series of sites spanning the KPg boundary, we compare Denver Ba-
sin LMA trends to those in the Williston Basin.  Preliminary results 
show decreasing LMA across the KPg, as well as an absence of high 
LMA leaves in Paleocene localities, suggesting a similar selection 
against slow-return species in the Denver Basin.  Future work will 
aim to add to the Denver Basin record, and further analyze LMA by 
morphospecies, locality, and paleogeography.

Blonder, B., Royer, D. L., Johnson, K. R., Miller, I., and Enquist, B. 
J., 2014, Plant ecological strategies shift across the Cretaceous–Pa-
leogene boundary: PLoS Biology, v. 12, e1001949.

Royer, D. L., Sack, L., Wilf, P., Lusk, C. H., Jordan, G. J., Niinemets, 
Ü., Wright, I. J., Westoby, M., Cariglino, B., and Coley, P. D., 2007, 
Fossil leaf economics quantified: calibration, Eocene case study, 
and implications: Paleobiology, v. 33, p. 574-589.
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ON THE BIOLOGICAL SIGNIFICANCE OF POLLEN AND SPORE TETRADS

Wolfram Michael Kuerschner 

University of Oslo, Oslo, Norway 

Pollen and spores occurring in tetrad configuration have attract-
ed considerable attention during recent years. Tetrad morphology 
and geometry as well as their biological and ecological significance 
are manifold. In this presentation I will review published data and 
show new observations on the occurrence of fossil tetrad pollen 
and spores with emphasis on the Permian and Triassic periods. 
Increased numbers of undivided microspore tetrads of lycophyte 
spores (e.g. Densoisporites, Uvaesproites) have been reported from 
end-Permian sediments correlating with the end Permian mass 
extinction. These spore tetrads are formed by even sized spores 
and interpreted as fully developed spores that did not separate due 
to mutagenesis under extreme environmental stress. While lyco-
phyte spores are also dominant in some Late Triassic palynomorph 
assemblages, increased numbers of tetrads during the end-Triassic 
mass – extinction interval have not been reported. 

Late Triassic pollen that are commonly found only as permanent 
tetrads are Ricciisporites and Froelichsporites. The permanent tetrads 
are composed of 4 even sized pollen. The tetrad formation is likely 
related to polyembryony. However, some taxa of the Circumpollis 
group, which are normally dispersed as single grains can also be 

found in undivided tetrads. Besides even sized tetrads of Classopol-
lis meyeriana also un-even sized tetrads, associated with triads and 
dyads have been reported from N-American Tr-J deposits. The oc-
currence of these un-even sized tetrads is related to the formation 
of un-reduced 2n pollen in polyploid hybridization. New data 
from Norian deposits (Hauptdolomit, Rodaun in Austria) revealed 
the presence of un-even sized C. meyeriana tetrads. It indicates that 
uneven sized pollen tetrads are not restricted to the Tr-J boundary 
interval but can be also found in older, Late Triassic populations. 
The findings may imply that the ability to form unreduced 2n pol-
len is not a mutation related to environmental stress during the 
end-Triassic mass extinction, but is a general evolutionary trait in 
this group. Forthcoming studies need to document in detail the re-
cord of tetrads in the Circumpollis group, particularly among the 
early forms of the Late Triassic (Partitisporites, Duplicisporites…). 
The evolutionary success of the Cheirolepidiaceae may be related 
to their ability to form unreduced 2n pollen and thus polyploid 
hybrids. Polyploidy may be one of the reasons why plant evolu-
tion dances to a different beat as Alfred Traverse  pointed out  30 
years ago.
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RESPONSES OF VEGETATION AND PLANT DIVERSITY TO THE YOUNGER DRYAS 
CLIMATE OSCILLATION IN THE HENGDUAN MOUNTAINS, SOUTHWESTERN CHINA

Xia Wang1, Yi-Feng Yao1, Alexandra Wortley2, Hui-Jie Qiao3, Stephen Blackmore2, Yu-Fei Wang1, Cheng-Sen Li1 
1Institute of Botany, Chinese Academy of Sciences, Beijing, China. 2Royal Botanic Garden Edinburgh, Edinburgh, United 

Kingdom. 3Institute of Zoology, Chinese Academy of Sciences, Beijing, China 

The Younger Dryas (YD) is an abrupt reversal to a colder climate 
which occurred during the period of warming from Bolling/Al-
lerod to early Holocene. Most reports have focused on YD cooling 
event at high and middle latitudes, with few studies at low lati-
tudes such as this report on the Hengduan Mountains, a temper-
ate biodiversity hotspot. To understand how plant diversity and 
vegetation responded to the YD climate oscillation and the po-
tential ecological mechanisms involved, we present a continuous, 
well-dated pollen sequence (12.9-9.2 cal. ka BP) from Haligu wet-
land in this region. Our results reveal that the variations in plant 
diversity are positively correlated with relative humidity and veg-

etation associated with a shift from Pinus-Abies-Picea forest during 
the YD to Pinus-dominant forest, accompanied by an increase in 
taxa such as Salix and Juglans, representative of temperate condi-
tions, in the early Holocene. Further, regional and global compar-
isons indicate that the response of vegetation to the YD cooling 
mainly reflects changes of dominant taxa and community compo-
sition at different altitudinal gradients and latitudinal zones, pos-
sibly linked to climatic forcing and geomorphology. The findings 
provide insights for biodiversity conservation under future warm-
ing scenarios.
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STARÁ JÍMKA A LATE PLEISTOCENE GLACIAL LAKE (CZECH HERCYNICUM, CENTRAL 
EUROPE). CLIMATIC AND VEGETATION CHANGES BASED ON POLLEN, PALEOZOOLOGY, 

AND ABIOTIC PROXIES.

Helena Svitavská Svobodová1, Daniel Vondrák2, Premysl Bobek1, Gunther Kletetschka3,4, Jolana Hrubá5, Zuzana 
Horická6, Evzen Stuchlík7 

1Institute of Botany, v.v.i., Czech Academy of Sciences, Pruhonice, Czech Republic. 2Institute for Environmental Studies, 
Charles University, Prague, Czech Republic. 3Faculty of Science, Charles University, Prague, Czech Republic. 4University 

of Alaska, Fairbanks, Czech Republic. 5Institute of Hydrogeology, Engineering Geology and Applied Geophysics, Charles 
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Two glacial cirques Stará Jímka (49.068° N, 13.403° E, 1 110 m a. 
s. l.) and Prášilské jezero Lake creating a step-like system occurred 
on the eastern slope of Poledník Mountain (1 315 m a. s. l.) (Bo-
hemian Forest). Profile of Stará Jímka demonstrates paleoenviron-
ment changes in the glacial lake and its catchment area during 
the Alleroed and Younger Dryas periods. The limnic sediment of 
5 m thickness was investigated by combining pollen and paleo-
zoology (chironomids, cladocerans) analysis with macro-climate 
settings (Bryson model), and abiotic proxies. Laacher See Tephra 
(LST) layer was discovered by phosphorus enrichment (XRF ele-
ment scanning) and by volcanic glass shards for the first time in 
the Czech Republic beyond the respected SW-NE transect through 
central Northern Europe. LST had a position just above ASM 14C 
date 10970±50 BP (Beta-366540). The Bayesian modeled age is 
12820±70 cal BP with a 95% probability range of 12970 to 12715 
cal BP. That corresponds to the age range of the Laacher See erup-
tion (LSE), (Eiffel, W Germany).

The Late Glacial vegetation development of Stará Jímka was divid-
ed into four phases (STJ 1-4). The sedimentation (STJ 1) started in 
cooling interval in the Late-Glacial interstadial with vegetation 

cover of dwarf shrub steppe (wild grasses and heliophytes; Artemis-
ia, Thalictrum) of willow, which grew here before the expansion of 
birch woodland. In the Late-Glacial interstadial Juniperus expand-
ed into the previous herbaceous vegetation (STJ 2). The forest with 
Betula domination suppressed heliophytic plants. Pinus pollen was 
in lower proportions than Betula which suggested reduced pine in 
the forests. LSE induced short-term cooling; some vegetation taxa 
decreased (Betula nana, Betula, Cyperaceae) while Dryas octopetala 
and Pinus increased. Then the restoration of Betula forest was rath-
er quick. Water table was rather low, for example only Hydrocotyle 
colonized the bottom of the lake.

Last two phases were dedicated to the Younger Dryas stadial with 
climatic deterioration. The older phase (STJ 3) outlines not only 
preference to Pinus, Salix, Betula humilis and Alnus viridis, but also 
to arto-alpine herbal species. Such as period was reflected by fre-
quent wildfires (quantitative charcoal analysis) and by the great 
change in paleolake ecosystem combined with the LSE and the on-
set of the Younger Dryas. The younger part (STJ 4) is characterized 
with occurrence of Corylus, Pinus cembra and Betula nana.
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LATEGLACIAL-HOLOCENE ABRUPT VEGETATION CHANGES AT LAGO TRIFOGLIETTI IN 
CALABRIA, SOUTHERN ITALY: THE SETTING OF ECOSYSTEMS IN A REFUGIAL ZONE
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Retrospective science such as palaeoecology deeply depends on the 
preservation of archives in sensitive places. As an example, moun-
tains of medium altitude from Mediterranean peninsulas have 
long been identified by biogeographers as refuges zones allowing 
the survival of European temperate taxa during the ice ages, but ar-
chives to validate this hypothesis are scarce, especially in Southern 
Italy. Here we present a new sequence from Lago Trifoglietti (1048 
m a.s.l.) in the Calabrian Mountains, which covers the Late Gla-
cial Interstadial (LGI, corresponding to the Bolling-Allerod period 
in northern-central Europe) and the transition to the Holocene. 
The independent chronology based on seven radiocarbon dates is 
supported by the evidence of three tephra layers already identified 
in other regional sequences. During the LGI, besides the high di-
versity of non arboreal pollen grains, a great number of pollens of 

temperate forest trees are present or abundant (mostly deciduous 
oaks and fir). These assemblages suggest that the site was above 
but not far from the upper limit of diversified woodland stands. 
They confirm a local survival during the last glacial. The Young-
er Dryas is not marked by major changes, and oak percentages are 
even higher, suggesting a resilient expansion at lower altitude. 
Surprisingly the site remains above the timberline until an aridity 
crisis centered at 11,100 cal 14C yr PB, which is correlated with the 
Preboreal Oscillation (PBO). This event is immediately followed by 
the local settlement of a dense fir and beech forest around the lake. 
A comparison with other Italian key sequences aims at explaining 
the climate forcing factors that governed this original vegetation 
dynamic. Further investigations using additional proxies are need-
ed for a more robust climate reconstruction.



Page 135

O208

A HIGH-RESOLUTION POLLEN PROFILE AND POLLEN ANALYTICAL INVESTIGATION 
OF SURFACE SAMPLES FROM THE ARAN ISLANDS, WESTERN IRELAND PROVIDE NEW 

INSIGHTS INTO THE INTERPRETATION OF POLLEN DATA

Michael O’Connell, Karen Molloy 

NUI Galway, Galway, Ireland 

A high temporal-resolution and detailed pollen record from An 
Loch Mór, Aran Islands, has provided several new insights into 
vegetation dynamics and human impact on Inis Oírr (Inisheer) at 
the Atlantic fringe of Europe. The new information, which derives 
from thick lake sediments, relates to in situ survival of particular 
plant species during the Younger Dryas stadial (14.7–11.7 ka), ear-
ly Holocene spread of thermophilous species, and the effects of 
climate change and long- and short-term human activity in this 
exceptional karstic environment (Molloy and O’Connell 2014 in: 

Mind the Gap II. Irish Naturalists’ Journal, pp. 66–88). In this pre-
sentation, an overview of the main pollen results will be presented 
and then critiqued in the light of new information derived from 
pollen analysis of surface pollen samples collected on the Aran Is-
lands in the later part of the twentieth century when small-scale 
cereal cultivation using traditional methods was still relatively 
common. The wider implications of the surface-sample pollen 
data for interpretation of the An Loch Mór profile and other pol-
len profiles from Ireland will be discussed.
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SUB-DECADAL RESOLUTION PALYNOLOGY OF A DISEASE MEDIATED ELM DECLINE

Laura Flynn, Fraser Mitchell 

Trinity College Dublin, Dublin, Ireland 

The threat of devastating pathogens on a range of tree species has 
increased recently which prompts the investigation of the tempo-
ral dynamics of disease mediated tree declines. The mid-Holocene 
elm decline was a widespread and synchronous event recorded in 
pollen diagrams across north-west Europe. The probable drivers of 
this event have been debated for over eighty years but the role of 
disease has gathered greatest support in recent decades. In this pa-
per we report pollen data at sub-decadal resolution from a closely 
sampled lake sediment core from eastern Ireland covering the last 
160 years. This investigation provides data on the structure and 

dynamics of the surrounding woodland before, during and after 
the outbreak of Dutch elm disease in the 1970s. It also facilitates 
the comparison of this disease mediated decline with the mid-Ho-
locene elm decline. The impact of anthropogenic disturbance and 
disease resulted in different woodland compositions and the ad-
justment of the woodland in response to these factors was rapid. 
The impact of Dutch elm disease on this elm population was ex-
tremely similar to that recorded in the mid-Holocene elm decline 
in Britain and Ireland.
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MAJOR PROBLEMS IN LATE PALAEOZOIC AND MESOZOIC PALYNOLOGY

Ellen Stolle1, José Bienvenido Diez Ferrer2 
1EP Research (Consultancy), Ennigerloh-Westkirchen, Germany. 2Universidad de Vigo, Vigo, Spain 

In this communication, we will discuss some of the problems we 
have encountered in developing a robust taxonomy for palyno-
morphs. Developing such a taxonomic framework, which can be 
shared between colleagues, is essential for the developing a firm 
biostratigraphical framework for correlating sequences at both 
local and intercontinental scales. A major problem has been that 
many palynostratigraphical studies do not provide illustrations of 
the species being used and so it is impossible to know if the pro-

posed correlations are based on a sound taxonomic footing. A ma-
jor step forward would be the establishment of an open-access da-
tabase with illustrated morphological descriptions and range data 
for key index taxa. This would allow palynostratigraphers to work 
within a uniform, accepted taxonomic framework. This will be of 
particular value for correlations in Permian and Jurassic sequenc-
es, as the time scales in a palynological context in these periods are 
still not firmly established. 
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CARBONIFEROUS MACROFLORAL BIOSTRATIGRAPHY - A NEW TOOL FOR STUDYING 
FLORISTICS AND BIODIVERSITY

Christopher J. Cleal 

National Museum Wales, Cardiff, United Kingdom 

Biostratigraphy has been a major theme for palaeobotanical re-
search in Carboniferous floras, largely because of the economical-
ly important coal reserves that they are associated with. From the 
pioneering work of Robert Kidston and René Zeiller, through the 
transformative work of Emily Dix, to the modern-day biostrati-
graphical models such as developed by Bob Wagner, we know have 
an increasingly clear understanding of the distribution of these 
fossils in the Carboniferous coal-bearing sequences. The main 

impetus for this work tended to be stratigraphical correlation to 
help with the exploration for and exploitation of the coal reserves, 
especially in Euramerican sequences. However, it is also now be-
coming evident that data revealed by this so-called “geological 
palaeobotany” can also be used to study the plant biodiversity and 
biogeography of this vegetation. It is now providing significant in-
sights into the dynamic evolution of these wetland floras and its 
link with changes in Carboniferous landscapes and climate.
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EARLY PERMIAN (ASSELIAN) PALAEOFLORAL TRANSITION FROM THE EQUATORIAL 
PALAEOTETHYS (INDONESIA, SUMATRA)
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The early Permian (Asselian) palaeofloral reorganization is one of 
the major species turnover events in plant history. The Asselian 
on Sumatra is exposed along the Merangin River section cutting 
through the 490 meter thick Mengkarang Formation. The Meng-
karang Formation consists of an alternation of volcanic and al-
luvial deposits accumulating at the foot of a volcano. Isotopic 
age evaluations of the top and the base of the Merangin section 
indicate an average duration for the 490 meters of sediments of 
630,000 years (from 296.77 ± 0.04 Ma to 296.14 ± 0.09 Ma) and 
a mean sedimentation rate of 0.8 mm/y. The compilation of all 
assembled palaeobotanical data from the Mengkarang Formation 
indicates there is a change in composition from a palaeoflora dom-
inated by cordaites, ferns or club mosses to one in which seedferns 
are frequent. These palaeofloral changes coincide with the third 
order eustatic sea level fluctuations for the indicated time interval 

and suggests a large scale climatic origin for this transition, where 
cordaites dominate during the high stand and seedferns appear 
during the low stand. Fossilisation of plants along the volcanic 
slope is not frequent enough to regularly preserve palaeobotanic 
sequences related to the higher order of orbitally forced cyclicities.

These palaeofloral changes from the Asselian of West Sumatra ex-
tend trends reported earlier from the Far Western early Permian 
low latitudes of Euramerica to the Far Eastern low latitudes of the 
Palaeotethys. Although the Far Western early Permian deposits 
are not suited for isotopic age determination, the frequency of the 
palaeofloral transitions and the duration of the considered time 
interval suggest an amplitude for these palaeofloral changes in the 
same order of magnitude between 0.5 and 3 Ma as the third order 
eustatic sea level fluctuation.
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The Karoo Supergroup preserves a temporally extensive palaeonto-
logical record of pollen and spores, macroplants, and fossil wood. 
In particular, its wealth of fossil tetrapods has enabled a very 
well-resolved biostratigraphic subdivision across the Permian and 
Triassic, which has recently been refined by new radiometric dates. 
These ages have now indicated that many previous palynological 
correlations of South African Karoo rocks to other parts of Gond-
wana were inaccurate. Long-ranging palynomorphs, or those pres-

ent in multiple stratigraphic levels, were previously identified as 
shared taxa and put forward to imply a stratigraphic correlation, 
when there really was none. For the first time, we comprehensively 
reviewed and consolidated previous palynological work in South 
Africa, and plotted the first and last appearances of all Permian pal-
ynomorphs recovered from the main Karoo Basin (MKB) to date. 
Prior stratigraphic and palaeoecological interpretations from iso-
lated localities were found to often be heavily biased by local envi-
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ronmental factors including substrate, ground water availability, 
drainage, and elevation. Together with new palynological results 
from the southern proximal facies of the MKB, we identified key 
index taxa to develop a First Appearance Datum (FAD) palynozo-
nation scheme based on stratigraphically restricted species. The 
new palynozonation comprises eleven interval zones tied to a ro-
bust lithostratigraphic framework, and is calibrated by the most re-
cent radio-isotopic dates for the Permian succession of the south-

ern Karoo Basin. The new zones are correlated with palynozones 
in Australia, South America, Antarctica, Zambia, Botswana, and 
India. Across these basins, concerted efforts to integrate palynol-
ogy with radiometric, magnetostratigraphic, independent faunal, 
and strontium isotopic dating are now being made. This should 
significantly improve stratigraphic correlations between different 
Gondwanan successions, as well as proving useful for refining ba-
sin development models.
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It is now over 90 years since Hamshaw Thomas suggested that the 
origin of angiosperms may lie in the ancient pteridosperms (seed 
ferns) such as Caytonia from the Yorkshire Jurassic and Umkomasia 
from the Triassic of South Africa. Since then many new early an-
giosperm fossils have been documented and our understanding of 
plants has progressed from cellular studies to exploring their phy-
logeny via DNA and RNA blueprints. The hypotheses of Thomas 
have generally not been supported in subsequent studies. Howev-
er, the origin of angiosperms in their probable seed fern ancestry 
remains an enigma. Therefore ancient plants such as Umkomasia 
with seeds enclosed in cupules should be studied and analysed 
from a modern perspective. As a first step the megasporophyll ge-
nus Umkomasia is reassessed comprehensively worldwide. All pre-
vious records are analysed in detail and fertile structures incorrect-
ly attributed are reclassified. Umkomasia is shown to be restricted to 
the Triassic of Gondwana and clearly affiliated to the microsporo-
phyll genus Pteruchus and the vegetative leaf genus Dicroidium. It is 
well represented from Argentina, Antarctica, Australia and South 

Africa where the Molteno Formation was by far the best sampled, 
yielding eight species and 503 specimens from 22 localities. The 
record of two specimens of Umkomasia from the Upper Permian 
of India is incorrect and to date there are no records of Umkomasia 
from the Triassic Dicroidium flora of India. A whorled fertile struc-
ture from Antarctica named Umkomasia uniramia is re-evaluated. 
The Umkomasia described from the Triassic of China is reclassified 
into a different genus. Other records of Umkomasia beyond Triassic 
strata are shown to be incorrect. The Lower Jurassic record from 
Germany is reclassified. The Lower Cretaceous record from Mon-
golia has been renamed by other researchers as Doylea mongolica. 
Records of Umkomasia sp. from the Rhaetic of Germany and the 
Jurassic of Libya that were based on limited material are correct-
ed. A pictorial key to the accepted Umkomasia species has been 
constructed. By the removal of material previously incorrectly 
assigned to Umkomasia, a deeper understanding of this important 
genus can be ascertained and more constructive phylogenies may 
be formed.
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The earliest hominid expansions from Africa into Eurasia date to 
about 1.8 Ma based on the Dmanisi record of Homo erectus in Geor-
gia. Since then, humans were present in this region and required 
an energy- and nutrient rich diet.

As plants contribute to the amount and variety of obtainable food 
resources vegetation and vegetation diversity are important fac-
tors for human habitats. By evaluating the plant food potential 
of different vegetation units in the Southern Caucasus this study 
aims at exploring the resource space of early humans in the Early 
Pleistocene. The main research questions here are, which and how 
many edible plant parts can be found in different vegetation units 
and how is the availability distributed in the course of the year?

Vegetation units are chosen according to palaeobotanical recon-
structions in the region, based on fossil records from plant macro 
fauna and pollen data. The units range from steppes to altimon-
tane forests, comprising published taxa lists of dominant and most 

frequent species. The database PlantBITES hosts the relevant infor-
mation compiled from the literature.

The results show that forest units provide the most edible plant 
parts, followed by open woodlands. The fewest ones are found in 
the steppes. Moreover, open woodlands and forests provided more 
species with high quality plant parts than the steppes. Especially 
fruits and nuts provide an energy- and nutrient rich diet. On the 
other hand, steppes provide a huge amount of grasses, which are 
considered good forage for grazing animals. Also, the availabili-
ty of edible plant parts is more stable around the year in steppes 
compared to a strong seasonality in forests. However, the absolute 
numbers of edible plant parts are still higher in forests even during 
winter.

Based on the characteristics of the dentition, the stature and body 
proportions of Homo erectus it is widely assumed that they relied 
on a mixed diet of meat and plant food. However, it is not yet as-
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sessed in detail which plants may have contributed to their diet 
and to what extend different vegetation types can deliver neces-
sary nutrition. This study is a first attempt to quantify plant food 

resources and their availability for H. erectus showing the impor-
tance of access to edible plant parts from forests for a stable supply 
of an energy- and nutrient rich diet.
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Paleogene vegetation dynamic of Primory’e (Far East of Russia) is 
studied using the Plant Functional Type (PFT) Approach, for the 
first time applied on the large palaeobotanical records of this re-
gion. The palaeobotanical data for the reconstruction are based 
on the analysis of vast literature resources for 24 leaf floras and 
30 palynofloras covering the early Paleocene (Danian) to late 
Oligocene (Chattian), i.e. a time-span of ca. 42 Ma, in total. The 
palaeobotanical records originate from continental deposits of 19 
Cenozoic basins located on the territory of Primory’e. All paleo-
floras considered were carefully re-evaluated regarding the valid-
ity of taxonomic identifications and the Nearest Living Relatives 
(NLRs) of the fossil taxa. Based on the diversity of PFTs, changes 

in the structure of the vegetation can be investigated throughout 
the time-span regarded such as the proportion of aquatic plants, 
the ratio of herbal, shrubby and arboreal PFTs, as well the ratio of 
deciduous and evergreen angiosperm plants. Moreover, the PFT 
diversity spectra obtained from the palaeofloras are interpreted in 
terms of vegetation types. A map series is presented that shows the 
spatial distribution of these types for a total of seven stratigraphic 
level of the Paleogene of Primory’e.
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The latest Eocene flora from the Insect Limestone, Isle of Wight, is 
an important representative of British Paleogene vegetation pro-
viding information on terrestrial palaeoclimate at a time of ma-
jor global change associated with the build-up of the first major 
ice sheets on Antarctica.   Plant remains occur in concentrations 
of debris within an horizon of very fine micrite near the base 
of the Bembridge Marls Member, Bouldnor Formation, Solent 
Group.  New collections, along with those in the Natural History 
Museum and the Dinosaur Isle Museum and material donated by 
local collector, Andy Yule, have been studied.   Nearest living rela-
tives of the most abundant fossils are wetland herbaceous plants, 
e.g. Azolla, Sabrenia, and most commonly, Typha.    Less common 
trees and shrubs include representatives of the Juglandaceae, Lau-

raceae and other flowering plants, with some conifers.   Despite 
fairly poor preservation, detailed drawings of angiosperm leaf 
characteristics combined with cluster analysis has enabled the 
recognition of distinct morphotypes.   Palaeoclimate inferences 
are based on physiognomic features of the angiosperm leaves in 
combination with a nearest living relative approach.  Angiosperm 
leaf taxa with toothed margins are comparatively rare, suggesting 
a warm climate.  Small leaf size points to low rainfall.  Plants such 
as Acrostichum, Daphnogene, Neolitsea, Palaeocarya and Hooleya are 
characteristic of warm temperate to subtropical mixed mesophyt-
ic vegetation today, whilst sclerophyllous elements (e.g. Zizyphus) 
suggest drier conditions.



Page 139

O218

OLIGOCENE VEGETATION OF EUROPE AND WESTERN ASIA - DIVERSITY CHANGE AND 
CONTINENTAL PATTERNS REFLECTED BY PLANT FUNCTIONAL TYPES

Torsten Utescher1,2, Boglárka Erdei3, Louis François4, Alexandra-Jane Henrot4, Volker Mosbrugger1,5 
1Senckenberg Research Institute, Frankfurt am Main, Germany. 2Steinmann Institute, Bonn University, Bonn, Germany. 3Natural 
History Museum, Budapest, Hungary. 4Unité de Modélisation du Climat et des Cycles Biogéochimiques (UMCCB), Université 

de Liège, Liège, Belgium. 5Senckenberg Biodiversity and Climate Research Centre (SBiK-F), Frankfurt am Main, Germany 

Spatial vegetation patterns potentially reflect coeval continental 
climate variations which are also impacted by palaeogeographic 
settings. Plant Functional Types (PFTs) and their distribution, fre-
quently applied in ecological studies and biome modelling, serve 
as a tool for reconstructing palaeovegetation units and ultimately 
tracing palaeoecological/climate gradients. Earlier quantitative 
studies focusing on distribution patterns of PFTs and designed to 
put forward data–model comparisons were carried out on well-dat-
ed middle and late Miocene floras. Moreover, the PFT approach 
has been successfully applied to reconstruct Eocene vegetation 
patterns in several time slices at a global scale as well as in regional 
vegetation reconstructions throughout the Cenozoic.

In the current study the PFT approach is applied on Rupelian and 
Chattian fossil floras of Europe and western Asia to infer spatial 
vegetation differences across the study area. A comprehensive pa-
laeobotanical record including ca. 100 macro- (leaves, fruits and 
seeds) and microfloras was compiled. The floristic components 
of these palaeofloras are translated to PFTs including herbaceous 
to arboreal classes. The PFTs are defined using traits and climat-

ic thresholds of key taxa, and comprise species assigned by mor-
phological and phenological features with respect to the related 
ecosystem. Diversity values of each PFT are calculated for the fossil 
floras and spatial gradients over Western Eurasia are investigated 
for the Rupelian and Chattian. PFT diversity maps and transects 
for both time slices reveal basic patterns of the vegetational struc-
ture at the continental scale. It is e.g. shown that in both time 
slices studied tropical and broadleaved evergreen PFTs were more 
diverse in the West and at lower latitudes. Consistently with the 
global climate evolution as known from marine archives and re-
gional continental records their level was higher in the Rupelian 
compared to the Chattian. All over low diversities of xeric PFTs co-
incide with the previously assumed dominance of humid climate 
conditions in Western Eurasia throughout the Oligocene, howev-
er, the reconstructed spatial gradients suggest somewhat drier con-
ditions to the Southeast.
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In the Middle Miocene, the Langhian/Serravalian (16-11.6 m.a.) 
is the period of most pronounced climate changes in Europe. The 
Mid Miocene Climatic Optimum (around 15 m.a.) is usually in-
terpreted as a period of mild and humid climate. But various fossil 
assemblages (plants, herpetofauna, mammals) from the Middle 
Miocene showed quite controversal proxies regarding palaeoen-
vironment and climate, e.g., Böhme et al. (2007), Utescher et al. 
(2007). Climate signals range from very humid (Bruch et al. 2011) 
to much drier climate compared to the preceding and later periods 
with seasonal strong drought, e.g., Böhme et al. (2011), Böhme & 
Vasilyan (2014). We assume, that these interpretations followed 
quantitative methods in which sociological and ecological aspects 
were largely neglected. This contribution aims to reveal the fossil 
plant record applying the IPR vegetation analysis (Kovar-Eder et al. 
2008, Teodoridis et al. 2011) and includes taxonomic, sociological 
and ecological aspects to assess vegetation changes and to inter-
pret them in terms of climate.

The study was supported by GA CR 18-25057S.
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Anatomically preserved seeds are common in permineralized 
peats within the Changhsingian (upper Permian) Fort Cooper 
Coal Measures near Homevale in the northern Bowen Basin, 
Queensland, Australia. At least two categories of seed are repre-
sented. One form is small (< 1 mm long), relatively thin walled, 
lacks clear evidence of bilateral symmetry or marginal wings, and 
appears to have been borne in large numbers on laminar repro-
ductive organs attributable to Homevaleia/Dictyopteridium. A sec-
ond form is 5–11 mm long, with well-developed wings and 180° 
rotational symmetry, and represents the largest permineralized 
seed type yet recorded from Permian deposits of Gondwana. These 
seeds have dimensions that could be accommodated on glos-
sopterid reproductive structures of either Rigbyaceae or Lidgetton-
iaceae, which have been recorded elsewhere in the Sydney-Bowen 
basin complex. These seeds are characterized by a thin endotesta 
of longitudinally orientated cells, thick mesotesta incorporating 
an inner band of very thick walled sclereids and an outer layer of 

thin-walled parenchymatous cells, and an exotesta that compris-
es a well-developed epidermis and several layers of thick-walled 
hypodermal cells. Vascular supply to the base of the seed passes 
through the integument and bifurcates into the nucellar pad. 
Taeniate bisaccate pollen of Protohaploxypinus-type occurs in the 
pollen chamber of the seed. A comparison of the characters of this 
seed type with other permineralized forms from the Permian of 
Gondwana indicates that several of the characters used in previ-
ous phylogenetic analyses incorporating glossopterids are wrong-
ly scored or ambiguous in their definition. Associated fossils in the 
permineralized peat include matted leaves of at least two forms 
of Glossopteris, woody axes, Palaeosmunda petioles, charcoalified 
plant organs, fungal hyphae, and dispersed pollen, microspores 
and megaspores. Vertebraria (glossopterid roots) are sparse. Im-
pression assemblages in adjacent beds also include sphenophytes 
(Paracalamites, Raniganjia spp.), ferns (Neomariopteris lobifolia) and 
cordaitaleans (Noeggerathiopsis sp.).
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The study of Cretaceous mesofossil floras from Portugal and North 
America has disclosed an extraordinary diversity of early angio-
sperms related to lineages that are extremely species-poor today 
such as the Austrobaileyales, Nymphaeales and Chloranthaceae. 
Particular prominent among the Early Cretaceous mesofossils are 
a rich complex of exotestal seeds with features suggesting a phy-
logenetic position close to Austrobaileyales and Nymphaeales. 
The seeds are small, typically anatropous and characterized by 
their palisade-shape exotestal cells with strongly undulate anti-
clinal cell walls. Synchrotron based X-ray microtomography has 
revealed a wealth of details particularly in size and organization of 
the embryo and nutritive tissue, as well as cellular details of seed 
coat, especially in the micropylar-hilar region of the seeds. Some 

of the exotestal seeds are operculate and can be assigned to the 
Nymphaeales with high confidence. However, most of the exo-
testal seeds, including also an unusual group of seeds with hemi-
anatropous-hemiorthotropous organization, show a combination 
of features that may be plesiomorphic for Austrobaileyales-Nym-
phaeales, and perhaps for angiosperms as a whole. The great va-
riety seen  among  the seeds of Early Cretaceous angiosperms at 
this level of angiosperm evolution coupled with a marked decline 
in the Late Cretaceous provides evidence of extensive extinction 
among early diverging forms and emphasizes the systematically 
depauperate nature of extant angiosperms near the base of the an-
giosperm phylogenetic tree.
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The Upper Cretaceous (Campanian-Maastrichtian) La Colonia 
Formation crops out on the southeast slope of the Somuncurá 
Massif, Patagonia, Argentina. The flora of the La Colonia Forma-
tion is characterized by its freshwater component that includes 
several algae and aquatic ferns and flowering plants. In this contri-
bution, we introduce a new species of Azolla (Salviniaceae) based 
on exquisitely preserved megaspore apparatuses and microspore 
massulae collected at the Cañadón del Irupé locality of the con-
tinental section of the La Colonia Formation. The excellent pres-
ervation of the fossils and frequent attachment of microspore 
massulae to megaspores indicate that they were fossilized in situ 
or after minimal transport. This new fossil heterosporous fern spe-
cies produced megaspore apparatuses composed of the megaspore 
body and three tiers of floats covered by a dense filosum. The me-
gaspore wall consisted of an exine and a two-layered perine, with 

a spongy endoperine and large, clavate, solid masses of exoperine. 
The microspore massulae were variable in size and shape and bore 
aseptate glochidia that had anchor-shaped tips. The new fossil 
species differs from extant Azolla megaspores and microspores in 
the number and arrangement of the floats and in the number of 
massulae per microsporangium. When compared to fossil species, 
there are consistent differences therefore it could not be placed 
within any previously described species; this warranties the erec-
tion of a new species. Definitely, this new species increases the 
record of Salviniaceae to the scarcely known fossil record of the 
family in Argentina and South America, and significantly extends 
our knowledge of the morphological variability of Azolla. Addi-
tionally, it also supports the hypotheses of the rapid geographic 
dispersal and diversification of Azolla during the Late Cretaceous.
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The Cupressaceae are the most genus-rich family of extant coni-
fers and have an extensive fossil record going back as far as the 
Triassic, with extant genera present in the Early Cretaceous.  The 
oldest fossil seed cone unequivocally assignable to Cupressaceae 
s.l. is the Early Jurassic Austrohamia minuta.  Seed cone morpholo-
gy provides diagnostic characters important for systematics.  Seed 
cones are abundant in the fossil record and provide a wealth of 
characters that, if integrated into a phylogenetic framework, en-
hance our understanding of relationships.  However, inclusion of 
Cupressaceae s.l. fossils has not improved phylogenetic resolution 
in the group.   Basal lineages of the clade include cunninghami-
oids, taiwanioids, athrotaxoids, taxodioids and sequoioids.   The 
relationships between these groups remain unresolved and phylo-
genetic studies of extant-only or extant + fossil Cupressaceae have 
produced conflicting topologies resulting in an unresolved poly-
tomy between Athrotaxis, sequoioids, and a taxodioids + Cupressa-
ceae s.s. clade.  This lack of resolution is partly due to the fact that 
seed cone characters have not been sampled to their full potential 
in previous studies.  To improve character sampling we are devel-
oping a dataset that emphasizes anatomical and morphological 
features of mature, often lignified seed cones.   This is an area of 

plant morphology in which detailed anatomy has not been doc-
umented, even for the majority of extant taxa.  Detailed anatom-
ical characters allow for better integration of anatomically-pre-
served fossils, as the majority of fossil seed cones are preserved in 
mature stages.   Exploratory tree searches using our character set 
that details mature seed cone anatomy, for living and fossil taxa, 
provide results relevant to the unresolved polytomy at the base of 
Cupressaceae and the phylogenetic positions of fossil species with 
conflicting placements.  These suggest that cunninghamioids are 
paraphyletic at the base of a clade in which Athrotaxis is sister to 
the remaining ingroup taxa, in agreement with the results of most 
molecular phylogenetic analyses.  Relationships between these re-
maining taxa are less resolved but show taxodioids in a clade that 
is sister to one of the sequoioids and can also include other sequoi-
oids.  The new data on the anatomy of mature ovulate cones in liv-
ing Cupressaceae fills gaps in comparative morphology, allowing 
for denser sampling of morphological characters, and for broader 
taxon sampling by allowing the inclusion of fossil taxa.  Compari-
sons between tree topologies obtained using morphological char-
acters alone, molecular characters alone, and a combination of the 
two, will provide tests for the resolving power of fossils.
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The Permian–Triassic biotic crisis, c. 251.9 million years ago, was 
the largest of the ‘big five’ mass-extinction events in Earth’s histo-
ry. Nearly 60% of families and 80% of genera were extinguished. 
Most previous studies of this crisis have focused on marine and 
Northern Hemisphere successions. We are undertaking the first 
detailed investigation of extinction and recovery patterns in the 
terrestrial flora at high (>65°) southern palaeolatitudes by exten-
sive sampling of drill cores and outcrops in the Bowen and Sydney 
basins, Australia. Initial results indicate a dramatic termination of 
coal sedimentation at the end of the Permian, and a gradual in-
crease in red–green iron-rich mudrocks through the Early Triassic. 
Forests of broad-leafed glossopterid gymnosperms dominated the 
latest Permian peat-forming communities and were the main ca-
sualties of the extinction event on land amongst plants. Several 
subsidiary gymnosperm (conifers and seed-ferns), fern and horse-
tail groups also became extinct at this time. These extinctions are 
reflected in both the leaf macrofossil record and pollen assemblag-
es. Stepwise recovery and evolution of the Triassic vegetation is 

characterised by the appearance of small-leafed Lepidopteris (Pel-
taspermales) and Voltziopsis (conifer) trees, followed by successive 
spikes in abundance of lycophytes (club-mosses), then Dicroidium 
(Corystospermales). The spore-pollen record has facilitated the 
identification and correlation of six palynostratigraphic zones 
(one Permian, five Triassic) across multiple sections in the Sydney 
Basin, with no consistent evidence of a depositional hiatus across 
the P–T boundary. Quantitative palynology was employed to re-
veal the fine-scale changes across the P–T boundary. The stepwise 
recovery and replacement exhibited by the macroflora was also ob-
served in the palynological record; several common Permian paly-
nofloral elements persist in low abundances until the upper Lower 
Triassic, and several other spore-pollen groups show a protracted 
increase in abundance and diversity over the same interval. The 
end-Permian extinction was probably linked to the largest known 
continental flood basalt eruptions in Siberia, which affected the 
atmosphere and climate and led to intensification of the Pangaean 
monsoon system at that time.
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PERMO-CARBONIFEROUS BIODIVERSITY AND PHYTOGEOGRAPHIC DISTRIBUTION OF 
SPHENOPHYTES IN INDIA

Anju Saxena1, Kamal Jeet Singh1, Christopher Cleal2 
1Birbal Sahni Institute of Palaeosciences, Lucknow, India. 2National Museum Wales, Cardiff, United Kingdom 

The present paper reviews and synthesizes Permo-Carboniferous 
sphenophyte diversity and evolution in India. Sphenophytes are 
less diversified in the southern Gondwana continents in compar-
ison to their profuse diversity in northern hemisphere. In India, 
they are represented by orders Equisetales (19 genera, 43 species) 
and Sphenophyllales (3 genera, 15 species). The fossil record is 
mostly of leaf forms and axes, and a few fertile forms. Highest di-
versity is observed in the genus Sphenophyllum (with 11 species) 
followed by Phyllotheca (8); Schizoneura (5); Lelstotheca, Raniganjia 
and Annularia (4 species each); Lobatannularia and Trizygia (3 spe-
cies each); Giridia and Tatapania (2 species each) and rest of the 
genera have one species.

During Carboniferous times, their diversity was meager, represent-
ed by three genera viz. Archaeocalamites radiatus, cf. Annularia sp. 
(Kashmir Himalayas), and Asterophyllites sp. (Spiti Himalaya). The 
Permian sphenophytes from Himalayas are represented by Phyl-
lotheca sp., Schizoneura gondwanensis, Sphenophyllum speciosum, S. 
thonii var. minor, S. thonii var. archangelskyii, S. thoniii. var. waltonii, 
Lobatannularia ensifolia, L. lingulata, L. sinensis var. curvifolia and 
Paracalamites sp. (Kashmir); Annularia cf. stellata, Phyllotheca sp. 
and Calamites sp. (Kumaon Himalaya) and Schizoneura gondwanen-
sis and Phyllotheca sp. (Northeastern Himalaya).

In comparison to the Himalayas, highly diverse assemblages of 
Sphenophytes have been recorded from the Permian sequenc-
es (Talchir, Karharbari, Barakar, Barren Measures, Raniganj and 
Kamthi formations) of Peninsular India. In the Talchir Formation, 

their diversity is extremely low (2 taxa) which enhances in the 
overlying Karharbari Formation, (9 taxa).

Their maximum diversity (22 taxa) is reached in the Barakar For-
mation represented by Raniganjia (2 species), Lelstotheca, Phylloth-
eca and Sphenophyllum (4 species each) and 1 species each of the 
genera Benlightfootia, Trizygia, Barakaria, Paracalamites, Schizo-
neura, Sharmastachys, Rajmahaliastachys and Tulsidabaria. Barren 
Measures Formation is devoid of sphenophytes. In the Raniganj 
Formation 10 sphenophyte taxa are represented: 2 species each 
of genera Phyllotheca, Raniganjia, Schizoneura and Sphenophyllum 
and one species each of Lelstotheca and Bengalia. Similar diversi-
ty (9 taxa) is observed in the Kamthi Formation (=Raniganj) and 
represented by 3 species of Sphenophyllum, 2 species of Raniganjia 
and one species each of Lelstotheca, Phyllotheca, Schizoneura and 
Trizygia.

The occurrence of some of the Euramerican and Cathaysian sphe-
nophytes in India viz., Annularia, Asterophyllites, Sphenophyllum 
thonii var. minor, Sphenophyllum hammakarelensis, Lobatannularia, 
Calamites, Archaeocalamites and Paracalamites in the Indian Gond-
wana suggests intermixing of these elements in the Indian phy-
togeographic provinces due either to long distance migration of 
these spore-dispersed plants or to their independent development 
in restricted areas.
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DIVERSE FUNCTIONAL APPENDAGES IN THE EARLY PERMIAN WUDA TUFF FLORA

Weiming Zhou1, Jun Wang1,2 
1Nanjing Institute of Geology and Palaeontology, Chinese Academy of Sciences, Nanjing, China. 2University of Chinese 

Academy of Sciences, Beijing, China 

The first tree forest appeared in the Middle Devonian and had 
significant impacts on terrestrial ecosystem. Compared with 
modern forest, it is yet unclear how an ancient forest community 
became self-adapted along with the increasing of plant diversity. 
The well-known Wuda Tuff Flora (also known as Chinese “vegeta-
tional Pompeii”) is an early Permian swampy forest preserved in 
situ by a catastrophical ash-fall event. Previous investigation has 
revealed that the forest community is analogous to the Euramer-
ican Pennsylvanian swampy forests in the case of using heteroge-
neous growth-form strategy to allocate the space and sunlight. In 
this study, enormous materials of diverse plant appendages such 
as trichome, spine, aphlebiae, tendril and aerial root have been 

recognized and sorted out from the whole collections of “vegeta-
tional Pompeii”, allowing a more critical evaluation of the self-ad-
aptation mechanism of this forest. It is surprising to see that more 
than half of the species in this forest have at least one type of ad-
ditional appendages. These appendages differ in forms, sizes and 
growth positions, performing various functions such as protect-
ing, defending, climbing, supporting and physiological accom-
modation. They certainly may have played an important role on 
the self-adaptation in both ancient and modern forest ecosystem. 
The early Permian forest had already been well physiologically and 
ecologically self-adapted as indicated by the highly diverse func-
tional appendages.
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A MIXED HYGROMORPHIC-TO-XEROMORPHIC FLORA FROM ONE OF THE MOST 
BOTANICALLY RICH LOCALITIES IN WESTERN EQUATORIAL PANGEA, THE EARLY 

PERMIAN OF TEXAS, USA

Rebecca Koll1,2, William DiMichele2 
1University of Florida, Gainesville, USA. 2National Museum of Natural History, Washington, USA 

Permian floras of western equatorial Pangea, modern western 
North America, are often considered distinct from other floral 
realms of similar geological age due to the frequent presence of 
unique taxa.  These distinct western equatorial floras began to ap-
pear during the later Pennsylvanian, seeming to exhibit marked 
differences in their overall community composition compared 
with floras from central parts of Pangea, and by the early Permian, 
xeromorphic plants dominated the seasonally dry western regions 
of the supercontinent.  However, recent work in the early Permian 
of north-central Texas examining the ecology and diversity of this 
region suggests that the floras of western equatorial Pangea may, 
in fact, share more taxa with other floral realms and thus hold a 
greater global relationship than previously understood.  One such 
study examines the Wolfcampian (Artinskian) age “Emily Irish” 
locality, a small oxbow lake deposit, which is believed to be one 
of the most extensively collected floras of this age from any place 
in the world, including ca. 6000 hand specimens housed at the 
US National Museum of Natural History.  New evidence from this 
locality demonstrates apparent spatial floral linkages with con-
temporaneous European sections, most notably the Rotliegend, 
and temporal linkages with elements from both older deposits, 

the late Pennsylvanian of Kansas and New Mexico, and younger 
floras, middle and later Permian of Angara and Cathaysia.   The 
Emily Irish flora is dominated by a mixture of xeromorphic ele-
ments, including conifers, taeniopterids, cordaitaleans, and no-
eggerathialeans, but with abundant mesomorphic-to-hygromor-
phic elements, including marattialean tree ferns and sphenopsids.  
This co-dominance of hygromorphic-to-xeromorphic elements 
is especially conspicuous as preservation of the macrofossils does 
not differ between the two groups suggesting strongly that they 
were inhabiting the same landscape local to the depositional en-
vironment and were likely only differentiated by microhabitat. 
Additionally, due its size the Emily Irish collection permits study 
of the dominance-diversity profile, particularly total diversity and 
the patterns of rarity. Specifically, this study examines the concept 
of rarity in the context of diversity of species novel to Emily Irish 
as well as abundance of Emily Irish taxa relative to their global oc-
currence.  An increased understanding of these concepts of ecol-
ogy and diversity in combination with the global perspective can 
contribute to a more comprehensive picture of the late Paleozoic 
ecosystem.
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SECONDARY TEMPERATE FOREST SUCCESSIONS REVEALED BY HIGH-RESOLUTION 
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The resolution of standard palynological analyses is often around 
100–150 years for Holocene studies. More recently, palaeoenvi-
ronmental studies emphasised higher resolution, of about 40–50 
years. These studies suggested that potentially high-frequency sig-
nals were to be recorded in palynological data sets from Central 
European temperate forests, resulting from vegetation successions, 
and eventually sustained by direct prehistoric forest management 
impact. However, only high-resolution analyses can recover such 
a signal, due to the pioneer character and flowering capacities of 
the tree taxa involved. Here we present vegetation successions re-
corded in the Lake Mondsee area (Upper Austria) using continu-
ous, high-resolution palynological analyses of lake marl and gyttja 
sediments (on a depth resolution of every centimetre) for the 
time period 4000–2500 cal. BCE. The chronological resolution for 

this time period varies from 12 to 13.5 years. Short-term impacts 
seem to occur on the arboreal components of the pollen assem-
blages: charcoal particle peaks are regularly followed by recurring 
sequences of higher pollen proportion of Corylus avellana, Betula 
sect. alba, Fraxinus excelsior, and Fagus sylvatica, altogether lasting 
200–250 years. At the same time, oscillating values of pollen in-
dicators typical for agro-pastoral activities, as well as spores of co-
prophilous fungi occurred. We therefore postulate that the local 
prehistoric Neolithic human population of the so-called Mondsee 
Culture had a strong impact on the flora and vegetation surround-
ing Lake Mondsee, resulting and triggering several cycles of vege-
tation successions. We will compare these results to similar studies 
from pre-alpine lake sites in Switzerland and Germany, and which 
were also analysed at continuous high chronological resolution.
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PROVIDING THE PALAEOENVIRONMENTAL CONTEXT TO BRONZE AGE SOCIETAL 
COLLAPSE IN THE EASTERN MEDITERRANEAN.

Calian Hazell, Matthew Pound, Emma Hocking 

Northumbria University, Newcastle, United Kingdom 

During the Early Bronze Age (EBA) and Late Bronze Age (LBA) 
eastern Mediterranean societies experienced two intervals of po-
litical-economic decline. While the role of climate during the EBA 
collapse is largely agreed, the extent to which climate influenced 
the LBA collapse is widely debated. For the LBA, a lack of robustly 
dated regional records is one aspect that prevents the identifica-
tion of a significant climate trigger. To rectify this, we present a 
standardised recalibration and analysis of the highest resolution 
palaeoenvironmental proxy records from the eastern Mediterra-
nean Bronze Age. A review of 234 publications identified 12 re-
cords which satisfied PAGES 2K selection criteria, and a further 
11 that were of sufficient resolution to allow analysis at fifty year 
intervals. We focus on pollen and stable isotope records from lake 
sediments, marine cores and speleothems, using principle com-
ponent analysis to decouple climatic and anthropogenic controls 
on local pollen assemblages, and stable isotope data to provide a 
regional climate consensus.

We identify three intervals of increased aridity during the Bronze 

Age: 4.3 – 4.15 ka BP (EBA), 3.7 – 3.5 ka BP and 3.4 – 3.0 ka BP 
(LBA). The oldest intervals featured increasing aridity throughout 
the central Mediterranean and Levant, while the Anatolian region 
remained humid. The final interval featured the first occurrence 
of increased aridity throughout the entire eastern Mediterranean, 
beginning in Anatolia and Greece (ca. 3.4 ka BP) before spread-
ing to the Levant (3.2 – 3.0 ka BP). Therefore, the LBA coincided 
with region-wide aridity that may have been the result of chang-
es in the Siberian High and/or the African-Arabian Monsoon and 
placed societies under increased pressure.

We also present the first palynological and diatom results from a 
new study of the Akrotiri Salt Lake, southern Cyprus, aimed at in-
vestigating the role of climate on Bronze Age societies. As Cyprus 
lies central within the eastern Mediterranean, it forms an ideal site 
to seek evidence for intervals of aridity that may correlate with 
those previously identified. This would further understanding of 
potential links between climate change and Bronze Age Cypriot 
societies.
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HOLOCENE FOREST-GRASSLAND DYNAMICS AND THE EXPANSION OF THE ARAUCARIA 
FOREST IN SOUTHERN BRAZIL

Daniela Piraquive Bermudez, Hermann Behling, Sonia Fontana, Thomas Giesecke 

Georg-August Universität Göttingen, Göttingen, Germany 

Woodland - grassland boundaries are generally mediated by fire 
and understanding the dynamics of such limits requires a long-
time perspective at high resolution. In the mosaic between Arau-
caria forest and grassland (Campos) in southern Brazil, the forest 
cover increased during the Holocene, often in a stepwise manner. 
While the general increase in forest may be due to a raise in sum-
mer precipitation the dynamics of it may have been controlled by 
fire. To investigate this Late-Holocene spread of Araucaria forest, 
we choose to study a site with a high sedimentation rate during 
the Holocene. The small lake “Lagoa Dourada” (815 m asl) in Vila 
Velha State Park (Paraná State, southern Brazil), is located near an 
Araucaria forest covering a low hill and adjacent remnants of nat-
ural grasslands. Thus, the site meets all requirements for this in-

vestigation. We obtained a 14,5 m sediment core, which contains 
mainly Holocene deposits allowing high resolution analysis. The 
preliminary results show the dominance of grassland vegetation 
during the last 12000 cal yr BP and the expansion of Araucaria 
forest around 3000 cal yr BP. We are presenting insights from the 
Holocene vegetation history at a centennial resolution and the ex-
pansion of the Araucaria forest at a decadal resolution.

Keywords: Araucaria, Atlantic forest, Climate change, Grassland, 
Holocene, Lagoa Dourada, Palynology.
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TRIASSIC PALYNOSTRATIGRAPHY OF TULONG, SOUTHERN XIZANG (TIBET), CHINA

Jungang Peng1, Jianguo Li1, Sam Slater2, Huaicheng Zhu1, Wenben Li1, Vivi Vajda2 
1Nanjing Institute of Geology and Palaeontology, Chinese Academy of Sciences, Nanjing, China. 2Swedish Museum of Natural 

History, Stockholm, Sweden 

Triassic palynoflora is poorly known in southern Xizang (Tibet), 
China. In this study, thermally altered but relatively well-pre-
served pollen and spores from Tulong, southern Xizang were re-
covered and identified. Triassic palynological zonation of this area 
was erected based on stratigraphical markers and compositional 
changes. Six formal and one informal zones from Lower to Upper 
Triassic were recognized in ascending order: the EndosporitesδDen-
soisporites Assemblage Zone (lower Olenekian), the BisaccatesδAra-
trisporites Assemblage Zone (upper Olenekian), the Triplexisporites 
Interval Zone (Anisian), the Staurosaccites quadrifidus Taxonδrange 
Zone (upper Anisian to lower Norian), the Striatella Interval Zone 
(lower Norian), the Craterisporites rotundus Taxonδrange Zone 
(middle to upper Norian) and the informal ‘Dictyophyllidites har-
risii zone’ (Rhaetian).

This palynological sequence has been correlated with the typical 
Australian zonation of Gondwana. The EndosporitesδDensoispo-
rites Assemblage Zone is correlated with the Protohaploxypinus 
samoilovichii Oppel Zone on the occurrence of Aratrisporites at the 
base and major compositional changes. The BisaccatesδAratrispo-

rites Assemblage Zone and the Triplexisporites Interval Zone are 
correlated with the lower and upper parts of the Triplexisporites 
playfordii Oppel Zone according to the abundance changes of Ara-
trisporites and the first occurrence data of Staurosaccites quadrifi-
dus. The Staurosaccites quadrifidus Taxonδrange Zone is correlated 
with the Staurosaccites quadrifidus Oppel Zone at the base, but the 
correlation on the top was hampered by the rarity of Ephedripites 
macistriatus at Tulong. Furthermore, correlations of the Upper Tri-
assic Striatella Interval Zone and the ‘Dictyophyllidites harrisii zone’ 
are difficult because the stratigraphical markers of these time in-
tervals (e.g., Polycingulatisporites crenulatus and Zebrasporites) are 
all lacking at Tulong. Well correlation between Upper Triassic 
Craterisporites rotundus Taxon-range Zone and Eastern Australian 
C. rotundus biozone emphasizes the stratigraphical significance of 
taxon C. rotundus. The updated radiometric dating of the Austra-
lian C. rotundus biozone is in accordance with the age assignment 
of C. rotundus Taxon-range Zone at Tulong, demonstrating that the 
biozones (including pollen and spores, conodont and ammonoid) 
at Tulong are solid and crucial for stratigraphical correlation across 
Gondwana.
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The Northern Carnarvon Basin (NCB), Australia’s premier hydro-
carbon province, has witnessed several major gas developments 
during recent decades including Chevron’s A$53 billion Gorgon 
LNG project. Drilling in the Gorgon area has resulted in the acqui-
sition of several very long continuous conventional cores in the 
gas-bearing Mungaroo Formation, a thick, laterally extensive flu-
vio-deltaic unit ranging in age from Ladinian to Rhaetian.  These 
cores provide an exceptional opportunity to thoroughly examine 
the palynology and palynofacies associations of the wide range of 
depositional environments (“depofacies”) and lithofacies found 
in the Mungaroo Formation.

Based on sedimentological studies and wireline log analysis, var-
ious facies associations were recognized in the Mungaroo Forma-
tion cores in fluvial channel, floodplain, crevasse splay, distrib-
utary channel and tidal zone paleoenvironments.   Sediments as 
varied as laminated mudstones, massive siltstones, immature 
soils showing pedogenic alteration, coals and cross-bedded fine to 
coarse-grained sandstones are represented in the cores.

This paper outlines the results of a scoping study in which 20 sam-
ples representing 12 depofacies and 10 lithofacies were collected 
from the upper Samaropollenites speciosus and lower Minutosaccus 
crenulatus Zones from two wells, GOR-1D and West Tryal Rocks-

4A, and processed using standard palynological techniques. The 
palynological and palynofacies assemblages found in these sam-
ples are correlated with their depofacies and lithofacies in order 
to enhance understanding of the complex Mungaroo Formation. 

Although Falcisporites australis dominated most palynofloras, in 
some cases contributing over 90% of the assemblage, there was a 
greater diversity of spores than pollen in most associations. Sev-
eral types of assemblages could be distinguished according to 
taxonomic composition and abundance of spores. These results 
suggest that a mosaic of diverse and distinctive plant associations 
characterized the vegetation of the Middle to Late Triassic deltaic 
environments of south-eastern Gondwana as has been document-
ed in north-western Europe. The study also demonstrates that de-
tailed palynological analysis of economically significant intervals 
adds valuable insights into reservoir and source rock characteriza-
tion. 

Ongoing work is aimed at strengthening and expanding these 
initial results by increasing the number of samples examined and 
broadening the range of depofacies and lithofacies examined, im-
proving the taxonomy of the Carnian-Norian in the NCB and im-
proving the biostratigraphic zonation of this key interval.
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MEANING AND VALIDITY OF THE THÜRINGIAN CONCEPT IN PALYNOSTRATIGRAPHY IN 
THE IBERIAN PENINSULA AND BALEARIC ISLANDS

Manuel Juncal1, J.B. Diez1, Raúl de la Horra2, José López-Gómez3, Alfredo Arche3, Jean Broutin4 
1Universidade de Vigo, Vigo, Spain. 2Complutense University of Madrid, Madrid, Spain. 3Spanish National Research Council 

(CSIC), Madrid, Spain. 4Sorbonne Universités, Paris, France 

This paper focuses on the diversity and biostratigraphical sense 
of the “Thüringian” palynological assemblages in the middle-up-
per Permian of the Iberian Peninsula (Ramos & Doubinger, 1979, 
1989; Virgili et al., 1979, Virgili 2008). In this region, it has been 
used the Permian classic division of Autunian and Thüringian to 
refer to the lower and middle-upper Permian respectively. Howev-
er, the concepts of Autunian and Thüringian are used in the wrong 
way as chronostratigraphic references of the early-middle Permian 
(Autunian s.l.) and late Permian (Thuringian s.l.) omitting that 
these terms were initially used for floristic associations paleoeco-
logical meaning that could be linked to two different climatic 
environments. In addition, although in Iberia there are some ab-
solute ages from the lower Permian related with the presence of 
Autunian floras, the age dating of the Thüringian is, to date, rel-
ative. Therefore, a revision of these terms and their adjustment to 
the international chronostratigraphic scheme is necessary.

With this aim, we use the compilation of previously published pal-
ynological assemblages and unpublished data such as the study of 
Alcotas Fm located near Talayuelas and Landete (Castilian Branch 
of Iberian Ranges, Cuenca Province, Spain) and the re-study of 
Boniches Fm in Garaballa site (Castilian Branch of Iberian Ranges, 
Cuenca Province, Spain) and Sa Pedra de S’Ase Fm in “Raco de S’Al-
gar - Sa Pedra de S ‘Ase section” (West Tramuntana Range, Majorca, 
Balearic Islands, Spain).
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A first attempt at a biostratigraphic and palaeoenvironmental syn-
thesis of the palynological content of French Lower Cretaceous 
continental deposits is the subject of this paper. Palynomorphs 
listed in previous studies on Berriasian–Albian non-marine pal-
ynology have been taken into account, gathering 360 species 
of pollen grains and spores altogether. In addition, 70 samples 
have been recovered from outcrops of argillaceous rocks, most-
ly corresponding to the Purbeck and Wealden facies of southern 
England. The samples concerned are from the departments of 
Charente-Maritime, Charente, Savoie (Berriasian, Valanginian, 
Albian), Oise, Seine-Maritime, Pas-de-Calais (Hauterivian–Barre-
mian), and Isère (Aptian). Early Cretaceous miospores are com-
monly long-ranging; hence, it is necessary to consider fluctuations 
in their abundance within palynological assemblages if they are 
to have any biostratigraphic value. Lower Berriasian assemblages 
are often dominated by gymnosperm pollen grains, associated 
with anemiaceous spores such as Cicatricosisporites australiensis 
and C. hughesii. These taxa are also found in younger strata, but 
upper Berriasian–Valanginian assemblages are characterized by 
containing more abundant lygodiaceous verrucate spores associ-

ated with the appearance of gleicheniaceous Clavifera triplex from 
the Valanginian onwards. Many genera have been erected to ac-
commodate Mesozoic verrucate spores. The considerable overlap 
between diagnoses diminishes the stratigraphic significance of 
the constituent species. Only the genera Concavissimisporites and 
Trilobosporites are considered useful here. Hauterivian–Barremian 
assemblages are similar to those of the Valanginian, but differ in 
the reduction in numbers of verrucate spores and a commensu-
rate increase in abundance of Cicatricosisporites and Appendicispo-
rites associated with the first occurrences of monoaperturate an-
giosperm pollen grains, such as Clavatipollenites hughesii, within 
Barremian deposits of northern France. Considered to be more 
typical of Albian assemblages, Clavatipollenites rotundus has been 
recovered from lower Aptian deposits in south-eastern France. Ap-
tian palynofloras are also characterized by the appearance of other 
monoaperturate pollen forms, such as Retimonocolpites. Very little 
information is available on French Albian assemblages. They are 
defined by the diversification of dicotyledonous tri– and polyap-
erturate pollen grains associated with the virtual disappearance of 
lygodiaceous verrucate spores.
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The observed present-day climatic ranges of plant species are 
frequently used by palaeobotanists and palynologists to recon-
struct the climate evolution in the past. This is, for instance, the 
case of the widely used “Coexistence Approach” method, which 
has provided a wealth of palaeoclimatic data on many periods of 
the Neogene. Such vegetation-based palaeoclimate reconstruc-
tion methods rest on the uniformitarian assumption that the cli-
matic tolerances of plant species, or the way their establishment 
and growth respond to climate parameters, have not changed 
markedly over time. This hypothesis can be questioned, because 
climatic tolerances and growth of plant species may depend on 
many factors likely to change over time. A first example is that 
other abiotic and biotic factors allowing the plant presence have 
probably changed in the course of time. Another example is ge-
netic evolution that may affect climate resistance and end up 
to some adaptation of the populations as climate is changing.  
 
Atmospheric CO2 may also modify the plant response. It is not ac-
counted for in the vegetation-based palaeoclimatic reconstruction 
methods, but may alter the tolerance of plant species to aridity 
through stomatal closure or stomatal density changes. Moreover, 
a rise of atmospheric CO2 stimulates photosynthesis through the 

well-known CO2 fertilisation effect. How far this effect impacts 
plant growth and how long it can persist is still much debated in 
the scientific community. It likely depends on the nutrient abun-
dance in the soils. However, if CO2 stimulates growth, it will also 
facilitate the colonisation of extreme environments by plant spe-
cies. Indeed, their growth rate between two successive extreme cli-
matic events will be enhanced and, so, the accumulated biomass 
will be larger and the likelihood to find their signature in the pa-
laeovegetation records will increase. 

In this contribution, we attempt to quantify this impact of CO2 on 
the climatic ranges of plant species by using the CARAIB dynamic 
vegetation model. This dynamic vegetation model can be run at 
the species level. We use a set of tree species from various climatic 
zones over different continents, for which the model has proved a 
good ability to simulate the present-day distribution. The model 
is run for different levels of atmospheric CO2, but with exactly the 
same climatic inputs. The simulated tree species distributions ver-
sus different climate variables (mean annual temperature, coldest 
month temperature, mean annual precipitation, precipitation of 
the driest month, etc) are then analysed and compared among the 
different CO2 configurations.
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Morphology and anatomy are critical data for elucidating re-
lationships between fossil and extant organisms. Heliconia, 
commonly known as the ‘lobster-claws,’ comprises neotropical 
herbaceous plants of the monogeneric Heliconiaceae (order Zin-
giberales). Heliconiaceae have no published, reliable fossil record 
to date, but morphological characterization of extant Heliconia 
will help recognize potential fossil plant material. The goal of our 
study here is the description and phylogenetic placement of a new 
fossil taxon represented by abundant, anatomically preserved 
seeds from the Cucaracha Formation of Panama, early Miocene 
(~19 Ma), hypothesized to belong to Heliconiaceae. Comparative 
data on Heliconia “seeds” (botanically, pyrenes) was also collect-
ed. There are 201 species of Heliconia in five subgenera currently 
recognized, and representatives of each clade were assessed, with 
72 extant species included in our dataset. Specimens were studied 
using X-ray micro-computed tomography (microCT) at the Uni-
versity of Michigan, or by synchrotron-based X-ray tomographic 
microscopy (SRXTM) at the Swiss Light Source, Advanced Photon 

Source, or the Advanced Light Source. Three-dimensional datasets 
were analyzed with the program Avizo for overall morphology, 
including embryo orientation and location, operculum shape, 
size, and location, and overall pyrene shape, as well as quantita-
tive measurements of tissue layer thicknesses and pyrene size. In 
addition, high-resolution macrophotographs were taken of ex-
tant species and measured in the program ImageJ to quantify the 
degree of surface undulation and pyrene length-to-width ratios. 
These morphological characters were used to examine trait distri-
bution within extant Heliconia in the context of a recent molecu-
lar phylogeny. These results inform the phylogenetic placement of 
the Panamanian fossil taxon and confirm its affinities to Helico-
niaceae. This study highlights the utility of microCT for studying 
morphological diversity in plants. Placing the Cucaracha fossils 
confidently in the family Heliconiaceae demonstrates the pres-
ence of the lobster-claws in Central America at least since the early 
Miocene, before the closing of the Central American Seaway, and 
adds to our understanding of past diversity in the Neotropics.
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Temperate forests had covered large areas of the Earth’s continents 
before the dramatic increase of the human population in the past 
two millenia. However, their floristic diversity seems to have de-
creased consistently, already brought about long time before the 
human expansion. Using new perspectives, we will reanalyze Neo-
gene plant diversity and post-Neogene loss of diversity in the light 
of the increased availability of palaeobotanical data in several key 
temperate regions. The European fossil plant assemblages show, 
more apparently than elsewhere in the world, a higher floristic 
diversity in the Neogene compared to the present one, suggest-
ing massive local extirpations of woody taxa. Such difference in 
past and modern diversity is less apparently shown by North and 
South American fossil floras. However, palaeobotanical data indi-
cate that the temperate forests of South America decreased con-
sistently after the late Miocene, and the dominant woody plants 
were conserved only in the westernmost regions. The floristic im-
poverishment in the same time interval is consistent in New Zea-
land, but not clearly documented in Australia, where only much 
higher diversity of conifers in the Oligocene-Miocene is apparent. 

Eastern Eurasia may be the Earth’s relict area where plant extirpa-
tion has been more limited. The high Neogene plant diversity can 
be explained by several reasons. First of all, there was an apparent 
phylogenetic diversification in the Cretaceous and Paleogene; the 
new plant lineages could easily disperse between North Ameri-
ca and Eurasia, and migrations occurred also across other conti-
nents. Furthermore, since the Eocene/Oligocene transition, some 
members of tropical/subtropical lineages acquired an adaptation 
to cooler conditions and entered the warmer temperate forests. 
In the Neogene the climate at the middle latitudes was slightly 
warmer than at present, with abundant precipitation in large ar-
eas. Such equable climatic condition provided a suitable habitat 
for moisture-requiring woody plants. The temperate forests were 
more extended and formed by a large diversity of plant taxa, high-
er than the present in several areas. Since 6 Ma several cold and/
or dry pulses have reduced the habitat of the most thermophilous 
elements, finally causing a large mass extinction of thermophilous 
plants in western Eurasia.
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It is today established that climate change alters biodiversity, since 
the migration of many species, especially plants, is presumably 
too slow to follow climate change. Tropical mountain floras are 
particularly vulnerable to the climatic threat. Species in mountain 
areas tend to shift their range through upslope rise when climate 
warms. These altitudinal migrations are possible when the migra-
tion speed is large enough to follow climate change. Otherwise, 
species tend to survive in isolated mountain refugia - microrefugia 
- where local climate may remain more stable and suitable than in 
the surrounding landscape. In the past, microrefugia have played 
a major role in the persistence of mountain species.

In the framework of the international VULPES project (VULnera-
bility of Populations under Extreme Scenario, https://vulpesproj-
ect.wixsite.com/vulpes), we use the CARAIB dynamic vegetation 
model (Dury et al., iForest - Biogeosciences and Forestry, 4:82-99, 
2011) to simulate the evolution in the past (Last Glacial Maximum 
(LGM) and Holocene) and understand the current distribution of 
Podocarpus species in Africa and South America. Podocarpus spe-
cies (Podocarpus latifolius/milanjianus in Western and South Af-
rica; Podocarpus lambertii and sellowii in Brazil) have today a very 
fragmented distribution, persisting in relict patches of montane 
forests, and are classified as vulnerable or threatened of extinction 
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according to the International Union for Conservation of Nature 
and Natural Resources (IUCN) red list (http://www.iucnredlist.
org/).

The CARAIB model is run at high spatial resolution over several 
focal areas in Cameroon and Southern Brazil, using climatic in-
puts derived from the ERA-Interim climate dataset combined with 
WorldClim climatology at 30 arc seconds (~1 km) to simulate the 
current distribution of Podocarpus species. Past distributions are re-

produced using interpolated climatic fields of the HadCM3 model 
from LGM (21,000 BP) to present time with a temporal resolution 
of 1 kyr. Climatic tolerances and morphological traits of Podocar-
pus species are adapted in the model simulations, in function of 
material collected in the field completed with data from online 
databases, such as TRY. CARAIB results are discussed in terms of 
biomass and net primary productivity (NPP). Past distributions are 
compared to available pollen records.
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The origin of lands plants was not a singularity in geologic time, 
but rather occurred gradually as major evolutionary novelties be-
came established during a period of adaptive selection in subaerial 
habitats during early Paleozoic time. One can envision that acqui-
sition of novel structures as the outcome of a more basic evolu-
tion of plant development within an evolving charophyte lineage. 
Here we focus on just one component of becoming an embryo-
phyte - the fossil record of land plant spore development. Bower’s 
antithetic (interpolational) hypothesis for the origin of the plant 
sporophyte from algal ancestors called for the evolution of the 
embryophytic spore in advance of the vegetative sporophyte. In-
triguingly, the fossil record of cryptospores from lower Paleozoic 
strata directly supports such a “spores before sporophytes” para-
digm. Some late Cambrian and Early Ordovician cryptospores 
sometimes occur in geometrically-regular, planar sheets; these 
were effectively predicted by Bower, who thought that mitotic 
divisions in fully-sporogenous tissue would have preceded the or-
igin of vegetative sporophytic tissue. Cryptospores show marked 
changes between pre- and post- Darriwilian time. These include 

shifts from smaller to larger spore diameters, topological changes 
from irregular to isometric spore-body attachment configurations, 
the loss of synoecosporal walls and the de novo origin of homoge-
neous sporoderm. These changes in spore morphology and topol-
ogy appear to reflect the canalization of meiosis in the evolving 
sporocyte, as karyokinesis and cytokinesis became tightly coupled 
and meiosis resulted in only four (meio)spores. Indirect evidence 
of embryophytic sporangia is first found in Darriwilian rocks in 
the form of homogeneous sporoderm, which is considered to be 
tapetal in origin. Thus, the fossil record appears to support the 
progressive acquisition of evolving sporophyte characters with 
respect to spore formation. If embryophytic sporogenesis first 
evolved during the Darriwilian, the antithetic hypothesis also pre-
dicts that the full suite of vegetative characters that defined the 
first sporophyte must have evolved later. This scenario is consis-
tent with the Homerian origin of land plants as seen in the (mega)
fossil record, but it also leads to a prediction that morphological 
traits that distinguish embryophytes from charophytes might be 
found in the intervening fossil record.
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CARBONIFEROUS WILDFIRE REVISITED.
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The nature and occurrence of fossil charcoal (often called fu-
sain) in sediments and coals (often given as inertinite/fusinite/
semi-fusinite) is the main way that the history of Carboniferous 
fire has been studied. Fires have been shown to have been common 
in many Carboniferous ecosystems worldwide yet we still have lit-
tle understanding of the detail of what, where and how such fires 
occur or indeed upon their effects both of the local ecosystem as 
well as the Earth System as a whole. Recent studies have indicat-
ed that detailed scanning electron microscope studies of charcoal 
residues can provide data on the plants that have been burned by 
wildfires and the reflectance of the particles may provide informa-
tion on the charring temperature and nature of the fire itself.

Information on the amount of charcoal in coal appears to relate to 
atmospheric oxygen composition and this shows that throughout 
the Carboniferous oxygen levels were as high or higher than those 
of the present day.  Interpreting the frequency of fires in different 
ecosystems remains fraught with difficulty and calculations with-
in peat (coal) systems are at an early stage. The impact of fire on 
vegetational change as well as the relationship between fire and 
climate in the Carboniferous remains little studied. New data on 
some charcoal deposits from the British Isles is integrated into pre-
vious studies to provide an indication of our current understand-
ing of the role of fire on land and also provide strategies for obtain-
ing new information in the future.
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Conservation paleobiology is a discipline focusing on how geohis-
torical research can be integrated with ecological and systematic 
data to model biotic response to environmental stressors.   This 
emerging field has developed largely within the invertebrate pale-
ontology community, generating insights essential for evaluating 
the nature of biotic change and the vulnerability and resilience of 
modern ecological communities.   A major goal of conservation 
paleobiology is to provide tools for managers and policymakers.   
Paleobotanists already have contributed data vital for addressing 
climate change and continue to provide insights needed to devel-
op responses to vegetation changes.  Likewise, archeological stud-
ies have used plant remains to reconstruct vegetational history of 
sites prior to and during the development of human colonization.  
However, the conservation community has needs for which pa-
leobotanical data could be useful. The process of addressing those 
needs starts with a dialogue where conservationists articulate what 
questions they are working to resolve, and paleontologists think 
about what types of data they can provide that will be helpful.  

A fundamental skill in paleobotany is the ability to identify frag-
mentary plant remains, altered by taphonomic processes. The 

ability to identify plant structures taxonomically from small frag-
ments is also an essential tool in wildlife conservation, in partic-
ular, the identification of plant debris from feces. For example, 
determining feeding ranges requires many hours of observation 
in the field that cannot be obtained from unhabituated herbivore 
populations.  

Volcanoes National Park (VNP), Rwanda, consists of highland trop-
ical forest which has been exposed to large herbivores. The flora 
within the Park contains plants (e.g. Rubus) capable of responding 
to heavy pressure from high levels of perturbation by large mam-
malian herbivores including the African elephant (Loxondonta af-
ricana) and buffalo (Syncerus caffer) (Plumptre, 1993). Three species 
of stinging nettles occur within the Virunga Mountains, as well as 
the one mammal capable of consuming them as a major portion 
of their diet, the mountain gorilla (Gorilla beringei beringei).   To 
date, we have identified quantifiable features of nettle trichomes 
and Rubus prickle shape and density induced by herbivory.  These 
morphological “fingerprints” can be used to document modern 
feeding ranges, identify mammalian herbivory in the fossil record, 
and serve as a way of comparing the past with the present.
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Paleobotany today is a vibrant and innovative science that pro-
motes new approaches and avenues of inquiry in biology and ge-
ology. Thomas N. (Tom) Taylor, who’s scholarship, insightful con-
tributions, and scientific impact this symposium celebrates, was 
the initiator and strong advocate of many of these innovations. Of 
perhaps even greater significance than the voluminous research 
personally developed and conducted by Tom, are the colleagues 
he has influenced and students he has inspired to elevate our un-
derstanding of the evolution of life, and chart the forthcoming di-
rections of paleobotanical research for the 21st century. Although 
it is impossible to distill a lifetime of scientific contributions into a 
single volume, a team of authors from a wide variety of disciplines 
has taken on the challenge to assemble a commemorative volume 
designed to celebrate the life and legacy of Tom Taylor, and to ex-
emplify the influence he has asserted onto the continuing enrich-
ment of the discipline. The volume is divided into five sections to 

emphasize the most promising avenues of investigation that Tom 
Taylor has opened, and to highlight the fruitful contributions that 
his influence has engendered, including (1) early land plants: in-
novations and adaptations; (2) late Paleozoic and Mesozoic plants 
and floras; (3) paleobiogeography, biology, and phylogenetic re-
lationships of plants; (4) fossil microorganisms, and (5) Antarctic 
paleobotany. As we realize that research areas such as geochem-
istry, molecular biology, microbiology, biomechanics, phylogeny 
etc. are transforming our approaches to, and perception of, the 
analysis of fossil plants and ecosystems, many of these once so re-
mote research areas are becoming increasingly important for, and 
integral parts of, paleobotanical research. This volume exemplifies 
the benefits and continuing potential of utilizing interdisciplin-
ary research in the advancement of paleobotanical inquiry that 
we anticipate will focus the progress of our ever expanding disci-
pline well into the new millennium.



Page 152

O244

TERATOLOGY OF SPORES AND POLLEN ACROSS THE TRIASSIC–JURASSIC BOUNDARY: 
IMPLICATIONS FOR THE END-TRIASSIC MASS EXTINCTION

Sofie Lindström1, Bas van de Schootbrugge2, Hamed Sanei3, Gunver K. Pedersen1, Carmen Heunisch4, Karen 
Dybkjær1, Christian Tegner3, Charles Lesher3,5 

1GEUS, Copenhagen, Denmark. 2Earth Sciences, Utrecht, Netherlands. 3Department of Geoscience, Aarhus, Denmark. 4(4) 
State Authority for Mining, Energy and Geology, Hannover, Germany. 5(5) Department of Earth and Planetary Sciences, 

University of California, Davis, USA 

A disturbed spore/pollen production can result in increased 
amounts of abnormal spores or pollen. Usually, this is linked to 
naturally occurring environmental stress in the mother plant due 
to sudden changes related to weather, e.g. draught, water logging, 
temperature changes, in which case the environmental stress 
is seasonal and may only affect parts of a population. Disturbed 
spore/pollen formation can also occur due to anthropogenic pol-
lution, leading not only to prematurely aborted spores, retained 
tetrads, or naturally occurring polyploids, but also to mutagenic 
changes in the mother plants and the reproductive cells. Normal 
sporogenesis follows a path where the spore mother cell (2n), 
through double meiosis, forms a spore/pollen tetrad in which each 
spore/pollen is haploid (n). This process results in 96 % normal, vi-
able spores and 4 % aberrant, non-viable spores, which is more or 

less in accordance with studies on both fossil and extant bisaccate 
pollen from pollen sacs, where ca 3–4 % of the pollen within the 
pollen sac are abnormal grains (Foster and Afonin, 2005; Wilson, 
1963; Lindström et al 1997). A few previous studies have noted in-
creased abundances of aberrant spores and pollen during extinc-
tion events linked to large volcanic provinces. The teratology has 
been attributed to mutagenic effects of a thinned ozone layer has 
been suggested as a cause (Visscher et al., 2004; Foster and Afonin, 
2005; Filipiak and Racki, 2010; Kürschner et al. 2015), and in one 
case volcanic pollution (Hochuli et al. 2017). Here, we explore and 
discuss examples of spore/pollen teratology from several Triassic–
Jurassic boundary successions in Europe. We further discuss their 
link to volcanism the Central Atlantic Magmatic Province, and 
the implications on the causality of the end-Triassic event.
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The end-Triassic mass-extinction (ca. 201 Ma) is often linked to the 
activity of the Central Atlantic Magmatic Province as the trigger 
of environmental and climate change. While the faunal realm de-
picts a drastic turnover, plant and especially palynomorph assem-
blages, do not show such a caesura. Nevertheless, studying chang-
es occurring in assemblage composition and observing changing 
morphological features can give insight into the subtler impact on 
the floral realm and its vegetation history.  

Here, we present data from 64 samples taken from a new outcrop 
‘Bonenburg’ in North Rhine-Westphalia (Germany) from the Ex-
ter Formation in the Germanic Basin, comprising the Triassic–Ju-
rassic transition. Our study provides high-resolution data, giving 
the first detailed palynological insight into the transition from the 
middle to the late Rhaetian.

Based on terrestrial and marine palynological analysis, we show 
that the studied section can be divided into five informal assem-
blage zones that mostly correlate well with existing palynological 
zonations for the North Germanic Basin. We will discuss the vege-
tation history as attested for in Bonenburg comparing pre-extinc-

tion phase (middle-Rhaetian Contorta-Beds), extinction phase 
(Triletes-Beds) and post-extinction phase (Hettangian) as indicat-
ed in the faunal turnover.

Additionally, we document intraspecific palynomorph variabili-
ty, indicating an increased number of aberrant spore, pollen and 
tetrad formation in the middle Rhaetian, the lowermost upper 
Rhaetian and the lowest Hettangian. We thus provide the first 
quantitative record of aberrant palynomorphs (tetrads) over the 
end-Triassic extinction from the German Triassic.

These findings might indicate a prolonged period of increased 
mutagenesis. Often ‘environmental stress’ is invoked to explain 
such aberrant forms. Further investigations are needed to disen-
tangle the mechanisms causing the end-Triassic mutations. This 
case illustrates the need for more high-resolution spore- and pol-
len-morphological studies, to identify those stratigraphic inter-
vals that hold an increased number of aberrant palynomorphs and 
to better understand the mechanisms and triggers that might have 
led to their formation.
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The end-Triassic mass extinction is considered as one of the five 
largest Phanerozoic extinction events, but the terrestrial records of 
floral turnover across the Triassic-Jurassic boundary are relatively 
scarce in East Asia. The Late Triassic-Early Jurassic deposits of the 
Sichuan Basin, southwestern China are significant for hosting 
abundant and diverse fossil assemblages including plants (con-
taining spores and pollen), bivalves and insects. However, Late 
Triassic-Early Jurassic palaeoecological variations are still poorly 
documented in this region. Here we present results from detailed 
palynological studies of the Upper Triassic Xujiahe Formation and 
the Lower Jurassic Zhenzhuchong Formation in Xuanhan and 
Hechuan regions of the Sichuan Basin, China, to reconstruct the 
palaeoecosystem variations.

The palynological analysis revealed a well-preserved terrestrial pal-
ynoflora of high diversity, comprising 184 species in 75 genera of 
spores and pollen in Hechuan region, and 148 species of 67 genera 
in Xuanhan region. Palynological successions reflect significant 
changes in the terrestrial vegetation from the Late Triassic to the 
Early Jurassic. Palaeovegetation reconstruction shows a predomi-
nance of fern floras, followed by gymnosperms represented by co-
nifers during the Late Triassic; at the latest Late Triassic, cycads/
bennettites/ginkgophytes and conifers show an increasing trend, 

whereas ferns decreased; at the earliest Early Jurassic, ferns were 
the most abundant, conifers were less abundant, the Cheirolepidi-
aceae began to develop; during the Early Jurassic, conifers became 
thriving, represented by the Cheirolepidiaceae.

We applied the Spore-pollen Morphological Group (SMG) method 
and Sporomorph EcoGroup (SEG) model to interpret the palaeo-
climate features. The results reveal that the lower part of the Xu-
jiahe Formation was deposited under relatively warm and humid 
conditions with an overall cooling and drying trend from latest 
Norian to Rhaetian time, accompanied by a general decrease of 
ferns and simultaneous increase of gymnosperms, and a decline 
in diversity of miospores. At the beginning the Early Jurassic, it 
became warm and humid; later during the Early Jurassic, it has a 
cooling and drying trend upward.

This study presents data on variations within the terrestrial ecosys-
tem across the Triassic/Jurassic boundary in the Sichuan Basin, and 
therefore provides important information for understanding the 
changes in the vegetation across the Triassic/Jurassic transition. 
 
Keywords: Triassic-Jurassic, palynology, palaeovegetation, palaeo-
climate
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The Carnian Pluvial Episode (CPE) represents a shift to more hu-
mid climate associated with increased continental runoff, mul-
tiple clastic pulses in the generally carbonate-dominated depo-
sitional setting of the western Tethys during the late Julian-early 
Tuvalian accompanied by hygrophyte floral elements. Here, pal-
ynological assemblages have been studied from three boreholes, 
from the Transdanubian Range to reveal climate variations. The 
palynological record has been compared to clay mineralogy and 
weathering indices   (αAl

Ba, αAl
K and αAl

Na) to detect episodes with 
hygrophyte vegetation and enhanced continental hydrolysis. Pal-
ynostratigraphy has been applied to correlate the clastic pulses 
known from elsewhere in the western Tethys.

A total of 55 samples were counted for palynology, 93 terrestrial 
taxa and 14 different types of aquatic palynomorphs are identified 
and three local palynomorph assemblages are distinguished in the 
Julian 2: the lowermost singhii-acutus-vigens, the acutus-vigens-mal-
jawkinae and the uppermost Aratrisporites-astigmosus-densus in the 
upper part of the late Julian.

The quantitative palynological analysis indicates a shift towards 
hygrophyte elements in the Julian 2, and return to xerophyte as-

sociations in the Tuvalian. The increase in the hygrophyte vegeta-
tion elements is coincident with elevated kaolinite and partially 
with higher weathering rates in the early Julian 2 indicating en-
hanced continental hydrolysis and more humid climate. In the 
late Julian 2, in a second clastic pulse the high amount of hygro-
phytes would point to a second humid episode but the clay min-
eral profile and the weathering indices indicate stronger season-
ality and diminished continental weathering. The increase in the 
spores and pollen which are usually associated with hygrophyte 
affinity can be also linked to a change in source vegetation due to 
the northward migration of the TR during the Julian 2, or a sea 
level lowstand, when the TR shifted to a more proximal position 
to the coastal areas.

Although, the clastic pulses in the western Tethys were related pri-
marily to more humid climate, the comparison to clay mineralogy 
and weathering proxies suggest a more complicated scenario in 
the TR. The enhanced continental weathering related to a more 
humid climate is only suggested for the early stages of the CPE, in 
the early Julian 2. The clay mineral and palynological records are 
clearly influenced also by other environmental parameters e.g., 
sea level changes, current or basin topography.
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The history of the last thousand years in Europe was characterized 
by several climate oscillations, the most important being the so-
called Medieval Climate Anomaly (MCA) and the Little Ice Age 
(LIA). Despite their names, evoking a warmer and colder anomaly, 
respectively, the actual nature of these climate fluctuations and 
their effects on vegetation are far to be understood yet. Here, we 
present a new high-resolution pollen record from a marine core 
collected in the Gulf of Gaeta (central Mediterranean), showing in 
the last thousand years clear vegetation fluctuations correspond-
ing to the MCA and LIA. This is one of the most detailed pollen 
records in the central Mediterranean spanning the last thousand 
years, having a mean time-resolution of ca. 20 years. Here, the me-
dieval period shows a remarkable forest decline between 800 and 
1150 AD, affecting mostly natural broadleaved trees along with 
Castanea and Olea. A strong increase in Cichorioideae indicates 
the establishment of extensive open areas, disturbed by agro-pas-
toral activities. The local δ18O G.ruber signal and the planktonic for-
aminifera indicate temperature decrease. Between 1150 and 1550 
AD, the forest vegetation partly recovered, showing a maximum 
expansion around 1250 AD. A marked change in the oxygen iso-
topes, associated with a strong rise in Globigerinoides, point to the 

warmest interval of the MCA. Montane taxa like Fagus and Abies 
appear reduced, while mediterranean elements like evergreen 
Quercus, Myrtus, and Phillyrea increase. Excluding a modest in-
crease in cereal pollen, no clear change in land use is documented. 
Between 1400-1850 AD, corresponding to the LIA, there was a new 
forest decline mainly affecting evergreen vegetation, showing a 
drop during the Maunder minimum (1645-1715 AD). Both the for-
aminifera and oxygen isotope records indicate colder climate con-
ditions. At the same time, olive, chestnut and cereal cultivation 
appear strongly diminished, probably also for the demographic 
effect of the plague that afflicted the Kingdom of Naples in 1656. 
The record ends with a new general forest increase, related to both 
cultivated trees and natural evergreen trees and shrubs, favoured 
by the modern temperature increase. The forest fluctuations ob-
served in the Gaeta record correspond to changes in the North At-
lantic Oscillation index, with forest declines associated to negative 
NAO index and vice versa. However, also other climate factors may 
have concurred in determining these vegetation dynamics, such 
as a complex interplay of NAO with East Atlantic pattern, solar ac-
tivity, and local cyclogenesis.
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ECOLOGICAL IMPACTS OF THE INDUSTRIAL REVOLUTION IN A LOWLAND RAISED 
PEATBOG NEAR MANCHESTER, NW ENGLAND.
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1Univeristy of Manchester, Manchester, United Kingdom. 2Universitat de Barcelona, Barcelona, Spain 

Throughout history, formerly widespread peatlands in the UK 
have been heavily impacted by industrial activities, land manage-
ment and peat extraction, prompting dramatic loss of peatland 
ecosystems. Holcroft Moss is a rare example of an intact ombro-
trophic lowland bog that was not disturbed by cutting for peat. 
This wetland reserve is located in the heartland of the Industrial 
Revolution in NW England, within 16 km of the urban areas of 
Manchester and Liverpool, the first industrial cities of the mod-
ern world. Unlike many developing areas of the world, the decline 
of industrial activity since the mid 20th century in NW England 
provides a valuable test bed for understanding the potential for 
recovery of natural systems. Holcroft Moss therefore offers the 
opportunity to assess the ecological impacts before and after the 
Industrial Revolution. Using palaeoecological tools including pol-
len, non-pollen palynomorphs (NPPs), microcharcoal, peat com-
position (organic content, ash-free bulk density) and heavy metal 
content (ICP-OES), we can assess the environmental responses of 
the vegetation to past climate and anthropic pressure. Our aim 
is to perform a high resolution (decadal-scale) reconstruction of 
Holcroft Moss to understand the nature of environmental changes 
during the historical era and evaluate the role of local to region-
al anthropogenic impacts, especially atmospheric deposition of 

pollutants (heavy metals, ash). In this way, we seek to determine 
thresholds for local and regional vegetation changes and post-In-
dustrial recovery. Here, we studied a 50 cm peat core recovered in 
2015 with a contiguous sampling of 1 cm slices. The chronological 
framework was based on three radiocarbon dates with a timespan 
of 700 years. The record reveals fluctuations in peat composition 
and local vegetation composition (shifts between Cyperaceae, 
Sphagnum, Calluna, Ericaceae). Prior to 1900 AD these fluctua-
tions appear to reflect primarily climatic influence on bog surface 
wetness. From 1900 AD, intensification of anthropogenic activi-
ty associated with the rapid industrialisation of Manchester cor-
responded with the near extinction of Sphagnum and decline in 
regional tree cover. Recent changes in the 20th century and drier 
climate reflect the development of Poaceae dominated vegetation 
and increase in trees associated with reduced anthropogenic pres-
sure and physical encroachment of fields and roads into the area of 
Holcroft Moss. Although the direct impacts of the Industrial Rev-
olution have decreased strongly, we do not observe a return to pre-
vious or pre-Industrial conditions. Therefore, restoration actions 
are required to prompt Sphagnum recovery, supporting the current 
conservation activities underway at the study site.
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Tree rings and varved lake sediments are valuable archives that 
at the same time allow studies with (sub)annual resolution and 
provide a chronology through layer counting. In reality, building 
chronologies from a single record is susceptible to error because 
single rings/varves may be invisible or missing. In lakes, non-
varved periods may occur. For tree rings, single records can easi-
ly be synchronized over broader regions on the basis of the ring 
width pattern, which allows to remove errors and to build long 
regional time series. For varved lake sediments, such approach is 
not possible because varve thickness does not show similar varia-
tions between sites. We here explore whether annual pollen anal-
ysis is suitable to synchronize varve records. Particularly taxa that 
flower irregularly in a masting pattern may be suited for that task. 
Masting is known for a number of tree taxa, including Fagus and 
Quercus. For Fagus, years with strong flowering are known to be 
synchronous across regions and beyond

We sampled four short sediment cores from two large lakes in 
NE-Germany, 110 km apart. Annual samples were taken in the 
varved section, which includes ~90 years in Lake Tiefer See and 
30 years in Lake Arendsee. Pollen percentages and pollen accumu-
lation rates of Fagus and Quercus were compared with each other 

and with masting data from forest monitoring, tree ring data and 
weather observations.

Pollen accumulation of Fagus is closely correlated between all 
cores; all masting years are indicated by high pollen accumula-
tion. Apparently, annual variations in the pollen production of 
Fagus are indeed preserved and recognisable in varved sediments. 
For Quercus, correlation between the two sites is instead low, ob-
viously flowering is less synchronous across the region. Pollen 
accumulation of Fagus also shows close correlation with weather 
observations; years with high flowering and hence high pollen ac-
cumulation follow a sequence of years with a cool, wet spring in 
the first year and a warm summer in the second year. Finally, for 
Fagus also a link between pollen accumulation and tree ring width 
is observed; all years with high pollen accumulation correspond 
to narrow tree rings. In masting years tree resources are allocated 
to pollen and seed production rather than to wood production. 
Overall, in NE-Germany pollen accumulation of Fagus is well suit-
ed to annually synchronize varved sediment records over a region 
and possibly allows to link varve chronologies with tree ring re-
cords.
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Ice cores from the mid latitude glaciers are capable of retaining in-
formation on past climate, environment and human activities on 
seasonal/annual time resolution. However, for a correct interpre-
tation of these records a good chronological control is essential. 
Annual-layers counting of seasonal variations in chemical species 
and oxygen isotope ratios (δ18O) is a powerful tool, but cannot 
always be successfully applied to alpine glaciers because of inho-
mogeneous snow accumulation. Absolute time markers such as 3H 
peaks and Sahara dust horizons, together with radiometric meth-
ods as 210Pb, radiocarbon from carbonaceous aerosol particles and 

AMS-dating are commonly used to obtain the age depth model 
of ice cores. Recent advance in pollen analyses from ice cores has 
shown the high potential of pollen as a chronological tool for ice 
core dating. In this contribution, we present an algorithm devel-
oped to build a high-resolution pollen based timescale and we sub-
stantiate examples of its successful application to Alpine glaciers 
(Adamello and Mt. Ortles, Italy). Finally, we use pollen data from 
the glaciers to infer variations in past snow accumulation and cli-
mate for the last century.
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The intracratonic equatorial basins of central Euramerica are char-
acterized by an alternation of sandstones and shales intercalated 
with either carbonates or bituminous shales. The bituminous 
shales, often comprising plant fossil remains, fish and tetrapods 
represent lakes. Palaeofloral recurrences within these basins have 
been considered as indicative of a glacial/interglacial cyclicity of 
orbital origin suggesting that cyclicities from paralic basins are 
also recovered in limnic basins.

The Autun basin represents such an intracratonic equatorial ba-
sin where the lower Permian (Asselian) Muse Formation is charac-
terized by two bituminous shales within generally more arenitic 
deposits. The upper bituminous shales, the “Couche de Muse”, 
were the object of systematic sampling leading to the collection 
of approximately 450 plant fossils distributed over circa three me-
ters of sediment. It also was sampled systematically for palynologic 
purposes. The “Couche de Muse” is punctuated by eight ash bands 
of which the first and seventh were selected for isotopic age deter-
mination. These ash bands indicated an early Asselian age, a du-

ration of approximately 0.5 Ma years for the interval between the 
two and approximately 1 Ma for the whole section.

Palaeobotanic fossil distribution along the section indicates the 
presence of Lycophyta, Sphenophyta (Calamitaceae), Marattia-
les (Asterothecaceae), Medullosales, Peltaspermales, ?Cycadales, 
Cordaitanthales, Pinales. The taxa distribution indicates a general 
decline in lycophytes and sphenophytes, an increase in marat-
tialeans, peltasperms and to an extent cordaites and more or less 
constant but low abundance of conifers and cycadophytes. A 
preliminary study of the palynology indicates a rather constant 
spectrum of fern and lycophyte spores, and monosaccate pollen, 
and diverse palynomorphs, albeit with some alternation between 
monosaccates and ferns, a light increase in bisaccates at the top of 
the section and a general decrease in biodiversity. The vertical pa-
laeobotanic and palynologic distributions of taxa are compared to 
each other and to various potential cyclicities for which tectonic, 
orbital and sedimentary processes are considered.
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The present investigation records the occurrence of petrified re-
mains of seeds and ovules from the ferruginous ammonite band 
of Middle Oxfordian stage of Kutch (India). The detached seeds, 
five in number are permineralised, oval–elliptical in shape, apex 
pointed, base rounded, bilaterally symmetrical, light brown in co-
lour, with scattered patches of ill preserved carbonised matter; out-
er parenchymatous sarcotesta not preserved; sclerotesta is hard, 
forming the shell, which is slightly flattened laterally and each 
with two longitudinal prominent ribs facing each other, which 
represents the sutures. Surface of the seeds have longitudinal stri-
ations.  The size ranges from 25 to 35 mm in length and 16 to 24 
mm in breadth.  In one of the seeds there is the presence of a bas-
al attachment scar. Anatomically the sclerotesta shows scattered 

remnants of sclerotic cells. The seeds bear structural similarity to 
the morphographic features of the extant Ginkgo biloba seeds. Dis-
persed ovules, four in number, are top shaped, with broad base (15 
to 16 mm), slightly flattened, apex pointed, mucronate. Basal por-
tion has a broad rounded scar, which is darker than the remaining 
part of the seed. All the ovules are almost equal in size, ranging in 
length from 15 to 16 mm and breadth 14 to 16 mm. The charac-
teristic features of these dispersed ovules are the presence of basal 
cupule-like structure enclosing the ovule. Based on its position 
and function, it can be suggested that it is homologous with the 
collar of extant Ginkgo. The dispersed ovules have close similarity 
with the genus Nehvejdeyella. The finding indicates the presence 
of Ginkgo and its associates in the Upper Jurassic forests of India. 
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A new palynological assemblage has been studied in the Terrazas-2 
section (Sacristán-Horcajada et al., 2015) close to the village of Ter-
razas (Cameros Basin, N Iberian Peninsula). This outcrop presents 
stratigraphic levels of the Nuestra Señora de Brezales, Boleras and 
Jaramillo de la Fuente Formations which have been assigned to 
the Tithonian–Berriasian? according to the stratigraphy (Sacris-
tán-Horcajada et al., 2015). The aim of this work is to determine 
their stratigraphic relationships on the basis of their palynological 
content for clarifying their lateral facies changes. It corresponds 
to the first palynostratigraphical data of the Jaramillo de la Fuente 
Fm., as it lacks of guide levels (Martín-Closas and Alonso, 1998), 
and information about the palaeoclimatology and the palaeoen-
vironment is provided, as well as the age.

The Cameros Basin (N Iberian Peninsula) is an extensional in-
traplate continental basin related to the Mesozoic Iberian Rift 
System. Eight Depositional Sequences have been described in this 
basin, where the studied deposits correspond to the first and sec-
ond one (DS1 and DS2). The studied sequences were the result of 
several alluvial-lacustrine sedimentary cycles (Mas et al., 2011).

Twenty-four samples were collected from the top of the Nuestra 
Señora de Brezales Fm. to the top of the Jaramillo de la Fuente Fm. 
Only eight samples from the base and the middle part of the Jara-
millo de la Fuente Fm. yielded palynomorphs. The palynological 
assemblage is represented, among others, by Leptolepidites major, 
Baculatisporites comaumensis, Biretisporites potoniaei, besides algae, 

which confirms an Early Cretaceous age in agreement of the sedi-
mentological data.
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The Early Jurassic Toarcian Ocean Anoxic Event (T-OAE; ~183 mil-
lion years ago) is characterised by a period of rapid global warming 
(in the region of ~6.5˚C), marine mass extinction and ocean ox-
ygen deficiency, reflected in the widespread deposition of organ-
ic-rich black shales. The event is also associated with a major neg-
ative carbon isotope excursion (CIE), signifying a massive release 
of isotopically light carbon into the atmosphere. Proposed causal 
mechanisms include elevated CO2 flux driven by emplacement of 
the Karoo-Ferrar large volcanic province in the Southern Hemi-
sphere, and the release of thermogenic and/or biogenic methane. 
Efforts to understand the biological consequences of this event 
have hitherto primarily focussed on marine ecosystems, and re-

sponses include the temporary and/or complete disappearance 
of marine plankton groups (e.g. dinoflagellates), and widespread 
extinction among higher trophic groups of marine invertebrates. 
Comparatively few studies have addressed the impacts on terres-
trial ecosystems. Here we examine the palynological record across 
the T-OAE succession of Yorkshire, UK to track how this episode 
impacted terrestrial and marine environments and test links be-
tween continental and marine ecosystem changes. We record 
abrupt changes in assemblage composition across the event and 
reveal how shifts in floral and marine communities are intimately 
linked with climatic changes.
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In this contribution, a model is proposed that combines leaf en-
ergy balance, that is, components of radiation interacting with 
a leaf, latent heat transported by transpiration and the contribu-
tions of heat conduction and convection, with leaf gas exchange 
and photosynthesis. The model represents a hybrid ecological/
physiological approach described by systems of equations based 
on quasi-instantaneous leaf-gas exchange theories,   fossil stoma-
tal data and atmospheric CO2. The model allows to distinguish 
between air temperature and leaf temperature and thus to explore 
the dependence of leaf cooling or heating on environmental con-

ditions (e.g. wind velocity, atmospheric humidity, atmospheric 
CO2-level), anatomic leaf properties (e.g. leaf size) and physiologic 
quantities (e.g. assimilation rate, transpiration rate).

The usage of the model is illustrated by applying it to isotopic and 
anatomical measurements from extant species.

It is furthermore shown that the model can also be used to derive 
palaeotemperature from leaf anatomy, provided atmospheric CO2 
is known from other sources, such as ice core data.
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The Early Pleistocene of Baza’s intramontane basin (Granada, SE 
Spain) contains a long and continuous sedimentary record depict-
ing a lacustrine and saline environment that spans from the late 
Miocene to Middle Pleistocene. Baza basin has provided numerous 
vertebrate fossil sites, including some of the oldest Homo findings 
of Western Europe in the locality of Orce (1.3-1.4 Ma) in the form 
of fossil teeth and lithic industry. The present work presents the 
pollen analysis of the Early Pleistocene lacustrine facies of Baza, 
sampled by a 107 m long drill core and with ages between 1.6 to 
1.1 Ma. Paleoclimatic parameters for temperature and precipita-
tion are obtained by applying the Coexistence Approach method. 
The biome succession for the Early Pleistocene is reconstructed 
by assigning Plant Functional Types (PFTs) to each taxa and us-
ing the Biomization technique for biome assignment. The result-

ing pollen profile shows high taxa diversity, typical for that time 
in the Iberian Peninsula, but dominated by a few pollen groups. 
The paleoclimatic parameters picture an overall wetter climate 
when compared with modern values without much difference in 
temperature. The biome succession is dominated by steppe with 
temperate or cool forest biomes appearing during the wet stages. 
It’s concluded that the Early Pleistocene environments in SE Spain 
were heavily controlled by humidity. The dry stages would see the 
development of steppe with xeric elements while the wet stages 
allowed for the formation of a mosaic landscape with open envi-
ronments and patches of forested areas. These environments with 
more humid climatic conditions and access to a variety of plant 
resources would be favorable for the development of hominin 
communities.
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Climate change and human pressure threaten species richness 
of African tropical forests. Understanding how the past climate 
changes have shaped the current distribution and composition 
of African rainforests can certainly help to the ecosystem conser-
vation in the future. This topic is addressed in the framework of 

the multi-disciplinary AFRIFORD project (Genetic and palaeoeco-
logical signatures of African rainforest dynamics: pre-adapted to 
change?, http://www.ulb.ac.be/facs/sciences/afriford/). In parallel 
to genetic and palynological analyses, the CARAIB dynamic veg-
etation model is applied at the level of African tropical plant spe-
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cies to simulate change in their distributions from the Last Glacial 
Maximum (21,000 years BP) to the present in sub-Saharan Africa. 
We prepared a set of about a hundred species, mostly composed 
of tropical tree species (evergreen/deciduous, cool/warm taxa) 
for which we compiled observed occurrence data (e.g.., RAINBIO 
database), determined climatic requirements and gathered some 
specific traits (e.g., TRY database).

From LGM to present time, the vegetation model is forced with the 
1-kyr snapshot outputs of the HadCM3 climate model. Statistical-

ly downscaled at a spatial resolution of 0.5°, we only kept mod-
elled past anomalies that we added to the GSWP3 (20 CR) climate 
data chosen as the reference for the historical period. Sub-Saharan 
simulations are performed with CARAIB forced by these climatic 
projections to simulate the net primary productivity of the species 
over time and space. We analyse the modelled changes in tropical 
forest composition and extension as well as in the distribution of 
individual species whose glacial refugia and postglacial dynamics 
remain poorly known.
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ANGIOSPERM WOOD EVOLUTION REVISITED. CHANGES IN FUNCTIONAL TRAITS 
THROUGH TIME.

Elisabeth Wheeler1,2, Pieter Baas3 
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Bailey & Tupper’s classical paper (1918*) on size variation in tra-
cheary cells of vascular plants has given rise to the establishment 
of the so-called Baileyan trends in xylem evolution, based main-
ly on correlated character syndromes in basal and derived woody 
angiosperms. In an earlier study (1991**) we analysed the  fossil 
record of dicotyledonous wood and found general support for 
these Baileyan trends as well as evidence that ecological factors 
such as temperature and seasonality has driven parallel and con-
vergent xylem evolution throughout the evolutionary history. 
Here we present an updated analysis of the fossil record based on 
the InsideWood database, which now has more robustly dated re-
cords, especially from the Cretaceous and early Paleogene of the 
Northern Hemisphere. It appears that the evolution of hydraulic 
efficiency from scalariformly perforated vessel elements to simply 
perforated ones remains strongly supported by the fossil record, 
and that at tropical paleolatitudes these transformations already 
resulted in “modern” incidences of simple perforations by the 

K-Pg boundary. Other Baileyan trends for axial parenchyma dis-
tribution and cellular ray composition are also supported. Thanks 
to vastly increased knowledge of angiosperm phylogeny and our 
understanding of wood anatomical character states as functional 
traits, it is apparent that wood anatomical diversity has evolved 
along Baileyan lines in multiple parallel or convergent transforma-
tions, and that reversals, though present, were much less frequent.

*Bailey IW & Tupper WW. 1918. Size variation in tracheary ele-
ments. I. Acomparison between the secondary  xylems of vascular 
cryptogams, gymnosperms, and angiosperms. Proc. Amer. Acad. 
Arts. Sci. 54: 149-204.

**Wheeler EA & Baas P. 1991. A survey of the fossil record for dicot-
yledonous wood and its significance for evolutionary and ecologi-
cal wood anatomy. IAWA Bull. N.s. 272-332.

 O261

HOW MANY TIMES DID WOOD SPLINTER? CLOSING IN ON THE ORIGINS OF 
SECONDARY GROWTH IN EUPHYLLOPHYTES

Kelly C. Pfeiler, Alexandru M.F. Tomescu 
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Secondary vascular tissues produced by a vascular cambium are 
encountered in the extant flora only in seed plants and isoetalean 
lycophytes.  In contrast, the fossil record shows significantly high-
er diversity of lineages with secondary vascular tissues.  These are 
recognized primarily by the presence of secondary xylem (with 
secondary phloem sometimes associated but often difficult to as-
certain) and are recorded in several euphyllophyte and lycophyte 
groups, by the Carboniferous (350 Ma).  Looking deeper in the fos-
sil record, within the euphyllophytes, species exhibiting second-
ary growth can be traced to the Middle-Late Devonian (390-360 
Ma) and are placed in well-circumscribed taxonomic groups: cla-
doxylopsids, sphenophytes, rhacophytaleans, progymnosperms 
(aneurophytes and archaeopterids), stenokolealeans, and seed 
plants.   Traditional hypotheses on the evolution of secondary 
growth have assumed independent origins in different lineages, 
based on the late appearance of the feature, relative to the older 

age of euphyllophytes (at least as old as the late Lochkovian, ca. 
414 Ma).   Recently, secondary growth was documented in older, 
Early Devonian plants, whose age and anatomical simplicity indi-
cate basal positions among euphyllophytes.  These plants include 
Armoricaphyton (408 Ma), Franhueberia (395 Ma), and a third, un-
named plant (395 Ma).   Our ongoing investigations of the same 
strata in Canada that yielded Franhueberia, have revealed up to 
five other plant types exhibiting secondary xylem.  The early age 
and expected basal position of these new fossils challenge the tra-
ditional hypothesis of independent origins of secondary growth 
and raise the possibility that this developmental feature or, at 
least, major pathways responsible for its regulation, may have a 
single origin in an ancestral euphyllophyte lineage.  One difficul-
ty derives from the fact that we currently don’t know how Early 
and Middle Devonian euphyllophytes with secondary growth are 
related.  The shared mechanisms of secondary growth regulation 
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by polar auxin transport demonstrated in sphenophytes, progym-
nosperms, and seed plants, could be an example of a regulatory 
pathway that became part of the euphyllophyte developmental 
toolkit early in the evolution of the clade.  Exploring the hypoth-
esis of a single common origin of secondary growth, to shed light 
on the evolution of euphyllophytes entails (1) understanding the 
developmental controls of secondary growth and how they affect 

anatomical features; (2) assembling an anatomical framework to 
compare secondary growth, from a developmental standpoint, 
between Early Devonian species, younger Devonian-Carbonifer-
ous species, and living plants; and (3) applying the results of such 
comparisons to resolve the phylogenetic relationships of early eu-
phyllophytes with secondary growth.
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CRETACEOUS ANGIOSPERM TREES ARE COMMON IN MID-LOW LATITUDES OF NORTH 
AMERICA

Garland Upchurch1, Joan Parrott1, Elisabeth Wheeler2, Emilio Estrada-Ruiz3, Karen Chin4, Tom Lehman5, Greg 
Mack6, Douglas Wolfe7 
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Over the past twenty years, work on wood assemblages from New 
Mexico, Texas, and Mexico has countered the generalization that 
Late Cretaceous angiosperms were small statured and demon-
strates that angiosperm trees dominated some environments by 
the Campanian.  In situ stump fields in the Late Campanian Aguja 
Formation (Texas) and McRae Formation (New Mexico) have an-
giosperm stumps of >1 m in diameter, which occur in assemblages 
that exclude conifers and other gymnosperms. The largest, a Para-
phyllanthoxylon from McRae Formation’s “Forest of Giant Angio-
sperms”, has a stem ~2 m in diameter with buttress roots that span 
3.7 m.  This record Cretaceous angiosperm tree occurs with other 
angiosperm stumps and logs >0.5 m diameter in an assemblage that 
comprises ≥3 taxa.  Spacing in the Big Bend stump field suggests an 
open canopy. In addition to in situ stumps, logs of >30 cm diame-
ter are common in both these formations. Angiosperm trees also 
occur in the Albian Edwards Formation (Texas), the Cenomanian 
Dakota Formation (Arizona), the Turonian Moreno Hill Forma-
tion (New Mexico), the lower Campanian Ash Canyon Member 
of the Crevasse Canyon Formation (New Mexico), and the upper 
Campanian/lower Maastrichtian Olmos Formation (Mexico) and 
Kirtland Shale (New Mexico), either as in situ stumps or logs. The 

McRae Formation contains the most diverse assemblage of mature 
angiosperm woods, with Lauraceae, Paraphyllanthoxylon, Plata-
nus-like woods and a variety of other eudicots. Shared elements 
between the Olmos Formation (Mexico), the McRae, Crevasse 
Canyon, Kirtland Shale, and Moreno Hill formations (New Mex-
ico), and the Aguja and Javelina formations (Texas), attest to floral 
similarities between different depositional basins of the southern 
Western Interior, and imply distinct latitudinal differences in flora 
and vegetation between the south and the north. While the ordi-
nal, familial, and generic affinities of many of these woods has not 
yet been determined, work to date indicates that by the end of the 
Cretaceous the tree habit was well established in the eumagnoliids 
(Lauraceae), basal eudicots (e.g., Platanaceae), rosids (e.g., Malva-
les, Malpighiales), asterids (e.g., Ericales), and other clades. The 
hydraulic traits of Olmos Formation woods suggest high theoreti-
cal conductivity and low resistance to embolism. Further explora-
tion of lower latitude Cretaceous beds for woods is important for 
broadening our understanding of the ecology and diversification 
of angiosperm trees during the Cretaceous and determining latitu-
dinal variation in the rise to dominance of angiosperms.
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DECONSTRUCTING SECONDARY GROWTH AS DEVELOPMENTAL POTENTIAL: A 
PERSPECTIVE ON THE EVO-DEVO OF WOOD

Alexandru M.F. Tomescu1, Andrew T. Groover2 
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The number of Early Devonian plants showing evidence of wood 
(secondary xylem) has increased dramatically in past years – from 
none pre-2011 to at least seven, currently.   Aside from these, sec-
ondary xylem is known from a broad array of lineages, including 
lycophytes and many euphyllophytes (cladoxylopsids, sphenop-
sids, rhacophytaleans, zygopterids, stenokolealeans, archeopterid-
alean and aneurophytalean progymnosperms), several of which 
are present in the Middle and Late Devonian.  These early occur-
rences of wood in multiple groups, along with evidence for regu-
latory mechanisms of secondary growth shared between lineages 
as distant phylogenetically as the lycophytes, sphenophytes, and 
lignophytes, raise questions about how much, or which aspects, 
of secondary growth present in the various groups reflect homo-
plasy and how much is due to common ancestry.  Such questions 

fall under the evo-devo umbrella, wherein evolutionary inference 
derives from comparative assessment of developmental processes 
(and their regulation) within a phylogenetic framework.   How-
ever, except for seed plants and isoetalean lycophytes, all known 
instances of secondary growth are reported exclusively from fos-
sil lineages, in which developmental processes are only recorded 
as wood anatomy patterns.  To integrate these fossils in questions 
addressing the evolution of secondary growth, we need to bridge 
the gap between pattern and process, by understanding the pro-
cesses that produce anatomical patterns.   Complex developmen-
tal processes tend to be systems of modular component processes.  
Evidence that secondary growth is a modular system comes from 
observations of living and extinct plants that show: de-synchro-
nization of cambial divisions (e.g., cambial variants); unifacial 



Page 161

cambia; pressure-controlled radial cell patterning; cambial growth 
lacking multiplicative divisions; rayless wood and “woodless rays”.  
We deconstruct secondary growth into component modular pro-
cesses and we assess for each of these processes (1) requirements 
and constraints (pre-conditions) imposed by anatomical organiza-
tions of primary tissues, and (2) known regulatory mechanisms, 
and (3) we relate them to anatomical patterns (fingerprints) they 
generate in secondary xylem.   The developmental potential of 
each component process can then be (1) circumscribed for diverse 

lineages, based on whether pre-conditions are met and on pres-
ence of known regulators (or their homologs) in nearest close rel-
atives; and (2) verified by identifying its fingerprints in preserved 
anatomical patterns.   Together, these provide a framework for 
characterizing secondary growth in each lineage based on param-
eters that can be subsequently used to integrate all available fossil 
evidence within an evo-devo perspective, to address questions on 
the origin and phylogeny of secondary growth.
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SECONDARY XYLEM CHARACTER SUITES IN CRETACEOUS WOODS

Lisa Boucher 

University of Texas, Austin, TX, USA 

The fossil record of wood formation in angiosperms documents 
secondary growth in some early lineages during the Cretaceous.   
Cambrial growth is controlled by sets of genes relatively conserved 
across vascular plant lineages, and cambium activity has been 
gained and lost in different flowering plant lineages through time.  
In those plants with wood formation, the character traits seen in 
secondary xylem are under complex selective pressures involving 
trade-offs related to function.  Furthermore, during the evolution 
of angiosperms, the activity of the vascular cambium in some lin-
eages increased along with divergence of cell types and was likely 
related to a combination of eco-evolutionary dynamics in the ear-
ly history of the group.

In order to assess our current knowledge of wood characters and 
assemblages in early Cretaceous environments, angiosperm wood 
from over 100 Cretaceous sites globally was surveyed for specimen 
features and site data.   Data analyses focused on anatomical fea-
tures with relation to their overall location, co-occurrence, type of 
environmental setting, and stem diameter, if known.   Character 
traits included perforation type, vessel density and arrangement, 

vessel diameter, type of pitting, and ray composition, among oth-
ers.   Predictions emphasizing function include increasing com-
plexity of cell types within wood through time, by overall size, 
latitude, assemblage, and type of setting.

Results from the dataset support an increase in taxa and 
the co-occurrence of angiosperms obtaining tree stature 
through time and varies with latitude and along environ-
mental gradients.   Trends in character suites within lineages 
include larger vessels sizes and greater diversity in traits and 
will be discussed in the context of co-occurrence site data. 
 
Cretaceous wood was not yet as specialized and efficient as com-
pared with Cenozoic woods but may have nevertheless provided 
some advantage to certain lineages at key times and environ-
ments.  By focusing on the settings and assemblages that lead to, 
or supported, more extensive cambrial growth activity in angio-
sperms, we can better evaluate their role in the radiation of angio-
sperm populations into different environmental niches. 
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THE EXTINCT SEED FERN LEPIDOPTERIS OTTONIS AS A PROXY FOR PALAEO-PCO2: 
PROGRESS AND NEW INSIGHTS
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The latest Triassic, leading up to the Triassic/Jurassic boundary (ca. 
200 million years ago), is characterised by dramatic climate chang-
es associated with a massive perturbation of the carbon cycle, 
which culminated in the end-Triassic mass extinction. The asso-
ciated fluctuations of pCO2 concentrations can be reconstructed 
utilizing the inverse relationship between the stomatal densities 
of fossil plants and paleo-pCO2. A large fossil leaf database of 
the species Lepidopteris ottonis (Goeppert) Schimper from Scania 
(Skåne) in southern Sweden, housed at the Swedish Museum of 
Natural History, enables high-resolution estimations of Late Trias-
sic pCO2. So far, only one published pCO2 record (from Germany 
(Bonis et al., 2010)) is known using this species, reporting highly 
elevated pCO2 in the latest Triassic. Here we test the methods and 
results of this previous study with our higher resolution database. 
Our results confirm L. ottonis as a proxy for pCO2, and suggest that 
this species is an ideal proxy taxon for the Triassic because of its 
wide geographic and long stratigraphic range during this period. 

However, new caveats in using L. ottonis as a pCO2 proxy were 
noted, including that abaxial and adaxial cuticles are sometimes 
difficult to distinguish, potentially leading to overestimations of 
palaeo-pCO2. In particular since adaxial cuticles are often thicker 
and thus have a higher preservation potential. In addition, sub-
sidiary cells are difficult to differentiate from epidermal cells on 
some specimens, introducing another source of potential errors. 
We suggest a statistical method to distinguish between stomatal 
densities of abaxial vs adaxial cuticles, thus enabling the analysis 
of leaf fragment databases where the two leaf cuticle surfaces can-
not be distinguished using morphological features alone. Finally, 
a method is suggested to standardize stomatal density databases, 
regardless of whether subsidiary cells were in- or excluded in the 
analysis.
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VEGETATION DYNAMICS IN THE EEMIAN LAKELAND IN THE GARWOLIN PLAIN 
(CENTRAL POLAND): A HABITAT APPROACH
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During the cartographic work performed for the needs of the De-
tailed Geological Map of Poland, Garwolin sheet (scale 1 : 50 000) 
more than 20 new profiles of biogenic sediments proved to be of 
the Eemian interglacial age. Thus the Garwolin Plain occurred to 
be a part of the Eemian fossil great lakeland of Central Poland (Żar-
ski et al. 2005). In terms of the number of the palaeobasins found, 
the area is unique and a very important within the European 
Plains. The investigated sites are located in two geomorphological 
positions: in depressions without outflow and within the valleys 
of small contemporary watercourses. The thickness of the sedi-
ments filling the palaeolakes ranges from 1.5 m to about 12 m, and 
their diameter differs significantly due to the origin. The prelimi-
nary results of palynological investigations revealed an important 
influence of the habitat conditions in the region on the vegetation 
composition during the Eemian interglacial. The differences are 
connected with the permafrost melting and the proximity of the 
Vistula river valley, which was a wide (a dozen or so kilometers), 
deeply incised river valley very active during the Eemian intergla-
cial. The proximity of the big river not only affected the climate 
of the fossil lakeland, but could have had a significant impact on 
the hydrological conditions in the Eemian lakes.  Moreover, the re-

sults of palynological analyses proved to be extremely interesting 
for tracing the expansion of thermophilous trees after ice-melting 
of the Warta (=Saalian) glaciation (Kupryjanowicz et al. 2017).

References:

Kupryjanowicz M., Nalepka D., Pidek I.A., Walanus A., Balwierz 
Z, Bińka K., Fiłoc M., Granoszewski W., Kołaczek P., Majecka A., 
Malkiewicz M., Nita M., Noryśkiewicz B., Winter H. 2017 (online). 
The east-west migration of trees during the Eemian Interglacial 
registered on isopollen maps of Poland. Quaternary International, 
http://dx.doi.org/10.1016/j.quaint.2017.08.034

Żarski M., Nita M., Winter H. 2005. New interglacial sites in the 
region of the Wilga

and Okrzejka river valleys at the Żelechów Upland (SE Poland) (in 
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 English summary). Przeglad Geologiczny 52(2): 137-144.
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Sedimentary pollen data provides potentially a valuable source of 
information about past vegetation diversity. However, diversity is 
seldom considered in palaeo-vegetation studies, mainly because 
the relationships between plant diversity and sedimentary proxy-
based diversity are poorly understood. Present study aims to im-
prove the methods for assessing and interpreting plant diversity 
from sedimentary pollen. We compare measures reflecting diver-
sity in modern sediment pollen data with equivalent measures in 
vegetation data and study the associations of pollen and plant di-
versity with different climatic and landscape variables.

The stuy area covers northern Europe and western Siberia (52-80 º 
N ; 5-65 º E). The pollen sample dataset consists of 511 pollen sur-
face samples from small and medium-sized lakes (24 ha on aver-
age). Plant data for the lake locations comes from pan-European 
plant distribution atlas with 50 × 50 km resolution. WorldClim 
climate data and datasets with global land cover, elevation, clob-
al forest cover and human population density are used to provide 
background environmental data for diversity estimates. Linear 
Mixed Effects models and variation partitioning are used to study 

the associations between the diversity estimates and environmen-
tal variables.

Species richness and pollen richness are significantly positively 
correlated (r=0.53, p<0.001). However, the best predictor of total 
plant richness appears to be the pollen richness of trees and shrubs 
(r=0.78, p<0.001). Minimum temperature of the coldest month 
is the strongest predictor of both pollen and plant richness with 
more taxa at higher temperatures. The results of variation parti-
tioning analysis indicated that the environment influences pollen 
diversity indirectly (through the influence on plant diversity) but 
that the climate and landscape variables have also direct effects 
on pollen diversity most probably via the influence on pollen 
production and dispersal. Maximum temperature of the warmest 
month has a significant interaction with pollen-plant diversity 
relationship – the association between pollen and plant richness 
is much weaker in lower maximum temperature values and the 
pollen-plant richness association can even be negative at the very 
high latitudes.
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Our results strongly suggest that the richness of trees and shrubs is 
the best pollen diversity estimate for reconstructing the trends in 
plant richness in large-scale studies using pollen data from differ-
ent sources and with relatively low sampling effort. The diversity 

estimates are less reliable at low temperature conditions where the 
local pollen production is low and long-distance pollen transport 
is strongly influencing the pollen diversity.
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IDENTIFYING PLANT DIVERSITY FROM THE POLLEN RECORD; LIMITATIONS AND 
CONSIDERATIONS
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We rely primarily on pollen and macrofossil evidence to recon-
struct post-glacial vegetation.   However, results from surface pol-
len studies suggest that the diversity of pollen assemblages is rare-
ly a faithful representation of the diversity of the local vegetation 
(Cleal et al. in prep).  Reasons for this discrepancy are examined, 
including pollen production, dispersal and preservation. 

The paper draws on examples of surface pollen deposition from 
alpine communities in Jotunheimen, Norway and temperate 
woodland in Snowdonia, Wales to compare the representation of 
contrasting plant communities.  On Storbreen glacier foreland, for 
example, the diversity of small, insect-pollinated plants growing 
locally is poorly represented in the pollen assemblage which is 
dominated by long-distance arboreal pollen.  Here the small pro-
portion of grains of indicator taxa provides a more effective means 
of characterising local vegetation (Pardoe 2001).   In contrast, in 
Welsh woodland the range of plants growing locally is better rep-
resented in the pollen assemblage but even in this community, 
where 90% of pollen has a potential source within 10 metres of the 
sampling point, several dominant taxa are still under-represented.  
The effect of sampling medium on the representation of individu-
al taxa is also examined (Pardoe et al. 2010).

This paper considers how the methodology might be im-
proved to increase resolution. For example, producing long 

records of surface pollen deposition will help better under-
stand temporal variation in deposition and adapting the pol-
len sum may better reflect local vegetation. Issues surrounding 
the pollen-vegetation relationship are assessed, together with 
the resulting implications for the reconstruction of past veg-
etation, during the Quaternary and on the longer time-scale.   
Cleal, C.J., Pardoe, H.S., Berry, C., Cascales-Miñana, B., Davis, 
B.A.S Diez,J.B. Filipova-Marinova, M., Giesecke, T., Hilton, J., 
Ivanov, D., Kustatscher, E., Leroy, S., McElwain, J.C., Opluštil, S., 
Popa, M., Rull, V., Seyfullah, L., Stolle,E., Thomas, B.A. & Uhl, D. 
(in prep) Plant diversity in deep time: experiences from the fossil 
record.
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This presentation is based on the PhD thesis, Epistêmê, 
technê and poiesis: visualisations of evolution and ex-
tinction in Queensland Flora written by Dr AK Milroy. 
 
See back through geological time using incredible scanning tech-
nology. This unique animated short film and presentation show 
the imagery of ancient fossil seeds and fruit, their internal mophol-
ogies revealed after being scanned at the Australian Synchrotron. 
 

Using high energy radiation, one million times brighter thatn 
the sun, the synchrotron has allowed researchers to exam-
ine the structure and function of 30 million year old fruits 
and seeds in unprecedented detail and unrivalled accuracy. 
 
These studies allow researchers to determine the relationship of 
these fossil seeds and fruits to the modern Australian flora and 
provide insights into the evolution of the rainforests.
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Quantification of the effects of human-induced vegetation-cover 
change on past (presentand future) climate is still a subject of de-
bate. Our understanding of these effects greatly depends on the 
availability of empirical reconstructions of past anthropogen-
ic vegetation cover. Until recently quantitative reconstructions 
of plant cover based on pollen data was a challenge due to the 
non-linear relationship between pollen percentages and vegeta-
tion abundances. The Landscape Reconstruction Algorithm (LRA, 
Sugita, 2007a and b)   is a modelling strategy that corrects biases 
due to factors involved in pollen dispersal and deposition such as 
intertaxonomic differences in pollen productivity and pollen dis-
persal properties and between-site differences in size and type of 
accumulation basin (lake or bog). The LRA uses in a first step the 
REVEALS model and pollen records from one to a few large lakes or 
from multiple small sites (lakes and bogs) to estimate regional veg-
etation cover. In a second step it uses the LOVE model and pollen 
records from small sites to estimate local vegetation cover.

Relative pollen productivity (RPP) of plant taxa is a key parameter 
required for the application of the REVEALS and LOVE models. 
RPP can be estimated from data sets of surface pollen assemblag-

es (in e.g. moss posters) and related vegetation cover. Some RPPs 
are available for herbs and trees from earlier studies in steppes and 
meadows of northern China, and forests of temperate NE China. 
We complemented those earlier studies by estimating RPPs for 
herbs and trees characteristic of traditional agricultural landscapes 
in the low mountain ranges of the Shandong province located in 
central-eastern China. These RPPs were estimated using a dataset 
of 36 sites with pollen assemblages from moss pollsters and related 
vegetation data within 1500m radius of the pollen sample site. The 
same dataset and a sophisticated scheme of model runs were used 
to evaluate the RPPs of nine taxa. The results show that the LRA-
based estimates of vegetation cover are closer to the actual sur-
veyed vegetation than pollen percentages for all nine taxa, espe-
cially for Artemisia, Poaceae, Pinus, and Quercus. All available RPPs 
in China were then assessed, and selected RPPs were combined 
into a synthesized RPP data set. The latter was used with pollen 
records from lakes and bogs in REVEALS-based reconstruction of 
Holocene regional vegetation cover in temperate China.

References: Sugita S., 2007. The Holocene 17 (2), 229–241; Sugita S., 
2007. The Holocene 17 (2), 243–257.
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QUANTIFYING PAST ARBOREAL COVER BASED ON MODERN AND FOSSIL POLLEN 
DATA: A STATISTICAL APPROACH

Nils Broothaerts1, José Antonio López-Sáez2, Gert Verstraeten1 
1KU Leuven, Leuven, Belgium. 2G.I. Arqueobiología, Instituto de Historia (CCHS), C.S.I.C., Madrid, Spain 

Reconstructing and quantifying past vegetation changes is need-
ed to fully understand long-term influence of anthropogenic land 
cover changes on the global climate, ecosystems and geomorphic 
processes. Nevertheless, quantifying past human impact is not 
straightforward. Recently, multivariate statistical analyses of fos-
sil pollen records are applied to reconstruct vegetation changes 
and to get insights in past human impact. However, these meth-
ods cannot be used as an absolute quantification of past human 
impact. To overcome this shortcoming, in this study fossil pollen 
records were included in a multivariate statistical analysis (clus-
ter analysis and non-metric multidimensional scaling (NMDS)) 
together with modern pollen data and modern vegetation data. 
The information on the modern pollen and modern vegetation 
dataset can be used to get a better interpretation of the representa-
tiveness of the fossil pollen records. Moreover, the integrated ap-
proach results in a full quantification of past vegetation changes 
including error estimates. This methodology was applied in two 
contrasting environments: SW Turkey and Central Spain. For each 
region, fossil pollen data from different study sites were integrat-

ed, together with an extensive modern pollen dataset and infor-
mation on modern vegetation. In this way, arboreal cover, grazing 
pressure and agricultural activities in the past were reconstructed 
and quantified. The data from SW Turkey provides new integrat-
ed information on changing human impact through time in the 
Sagalassos territory, and shows that human impact was most in-
tense during the Hellenistic and Roman Period (ca. 2200-1750 cal 
a BP) and decreased and changed in nature afterwards. The data 
from Central Spain shows that the evolution of the arboreal cover 
through time differs along an altitudinal gradient, with a decrease 
in arboreal cover during the Roman and Visigoth periods (2000 – 
1240 cal BP) at low altitudes and only during the Christian/Feudal 
period (850 – 500 cal BP) at high altitudes. Overall, the presented 
examples from two contrasting environments shows how cluster 
analysis and NMDS of modern and fossil pollen data can provide 
quantitative insights in anthropogenic land cover changes. Our 
study extensively discusses and illustrates the possibilities and 
limitations of statistical analysis of pollen data to quantify human 
induced land use changes.
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POLLEN-BASED RECONSTRUCTION OF LANDSCAPE OPENNESS IN MOUNTAIN 
REGIONS: EVALUATION OF THE LANDSCAPE RECONSTRUCTION ALGORITHM AT THE 

VICDESSOS VALLEY, FRENCH PYRÉNÉES

Laurent Marquer1,2,3, Florence Mazier2, Shinya Sugita4, Didier Galop2, Thomas Houet5, Pieter Van Beek6, Elodie 
Faure2, Marie-Jose Gaillard7, Sebastien Haunold1,2, Nicolas De Munnik2, Anaelle Simonneau8, Francois De 

Vleeschouwer1, Gael Le Roux1 
1EcoLab, Laboratoire écologie fonctionnelle et environnement, Université de Toulouse, CNRS, Toulouse, France. 2GEODE, 

UMR-CNRS 5602, LAbex DRIIHM OHM Pyrénées Haut VIcdessos, Université Toulouse Jean Jaurès, Toulouse, France. 3Research 
Group for Terrestrial Palaeoclimates, Max Planck Institute for Chemistry, Mainz, Germany. 4Institute of Ecology, Tallinn 

University, Tallinn, Estonia. 5Université de Rennes, CNRS, UMR LETG 6554 CNRS, Rennes, France. 6LEGOS, Laboratoire d’Etude 
en Géophysique et Océanographie Spatiales, Toulouse, France. 7Department of Biology and Environmental Science, Linnaeus 

University, Kalmar, Sweden. 8ISTO, CNRS UMR 7327, Université d’Orléans, BRGM, Orleans, France 

Land use and climate are the major drivers of European vegetation 
change during the Holocene. Over the last decade, objective re-
gional estimates of forested and non-forested areas have become 
feasible by using pollen records and the REVEALS model. At the 
local/landscape scale, however, the use of the Landscape Recon-
struction Algorithm (LRA=REVEALS + LOVE models) is still a chal-
lenge particularly in mountainous regions. This study evaluates 
the extent to which LRA is effective to quantify the landscape-scale 
vegetation cover in the French Pyrénées.

Pollen records from 8 small sites in the Vicdessos valley and adja-
cent mountain tops were used in this study; lakes and peatlands, 
being all located above the current tree line. In a first stage, the 
regional vegetation within 50-100 km around the Vicdessos valley 
was estimated using i) CORINE vegetation data and ii) pollen re-
cords and the REVEALS model. These regional estimates of vegeta-
tion are fed into the second step of the LRA, i.e. the LOVE model to 
reconstruct the local vegetation cover around each site. The effect 
of two different dispersal-models - the Lagrangian Stochastic Mod-
el (LSM) and Gaussian Plume Model (GPM) - on the LRA results 
was evaluated. For evaluation of the LRA results, we used the re-
gional and local percentage cover of coniferous trees, broadleaved 
trees and non-forested areas extracted from available land-cover 

maps for three time windows (i.e. 1960-1970, 1990-2000 and 2000-
2013).

Major findings include: (1) The LRA results in a 2-km radius are 
closer to the local observed vegetation cover when the regional es-
timates of vegetation used as inputs for the LOVE model are based 
on the CORINE data rather than the REVEALS model. According-
ly, the systematic selection of sites above the tree line may affect 
the accuracy of the LRA results at both regional and local scales. (2) 
Differences in dispersal models do not affect significantly the LRA-
based estimates at both regional and local scales; however, error es-
timates tend to be larger with the LSM option than with the GPM. 
(3) The LRA approach significantly improves pollen-based local 
vegetation reconstruction compared to pollen percentages alone. 
Although further empirical and simulation studies are necessary, 
our results emphasize the importance of site selection for the LRA-
based reconstruction of vegetation in mountainous regions.

This study is part of the ANR research projects TRAM and MODE 
RESPYR, the PEPS CNRS POPEYE, the LAbex DRIIHM OHM 
Pyrénées Haut VIcdessos and the PAGES LANDCOVER6K working 
group.
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POLLEN-BASED RECONSTRUCTION OF PLANT COVER IN EUROPE FOR STUDIES 
OF LAND-USE CHANGE AS AN ANTHROPOGENIC CLIMATE FORCING IN THE PAST: 

LANDCLIM II

Esther Githumbi1, Anna-Kari Trondman1, Ralph Fyfe2, Erik Kjellstrom3, Johan Lindstromm4, Zhengyao Lu5, Florence 
Mazier6, Anne Nielsen7, Anneli Poska8,5, Ben Smith5, Gustav Strandberg3, Shinya Sugita9, Qiong Zhang10, Marie-

José Gaillard1 
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There is a need for in-depth knowledge on climate forcings from 
anthropogenic land-cover/vegetation changes if land-use policies 
are to be successful in mitigating climate change. Afforestation is 
largely promoted today as a way to mitigate climate warming, re-
lying on the assumption that the biogeochemical forcing of an in-
crease in tree cover will override its biogeophysical forcing and im-
ply a carbon sink. However, many climate modelling studies using 
global climate models have shown that the biogeophysical forcing 

may offset or override climate gains from the increased carbon se-
questration in forests. Nonetheless, many of the socio-economic 
factors and assumptions controlling future land-use policies take 
indirect biogeochemical processes into consideration while ne-
glecting direct biogeophysical processes. The main purpose of the 
LandClim II project is to quantify the effects of the biogeophysical 
forcings induced by human-induced deforestation (i.e. the “land-
use” forcing, see IPCC5) on the regional climate of Europe at 2500 
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and 1000 calendar years before present (henceforth abbreviated 
2.5k and 1k BP), two periods of major anthropogenic land-cover 
change. The magnitude and sign, and the seasonal and geograph-
ical differences, in the effects will be estimated. To put these forc-
ings into context, we will also quantify the contributions of Euro-
pean deforestation to (global) biogeochemical forcing, i.e. the net 
land-atmosphere CO2 exchange translated into radiative units, W/
m2. The emphasis will be on the biogeophysical forcings, as these 
have an effect on climate mainly at the regional scale. Biogeo-
chemical forcing (primarily changes in the land-atmosphere car-
bon balance) caused by land-use change, although induced local-
ly, imposes a low, globally averaged, shift in radiative forcing over 
the whole globe due to rapid dilution of carbon in the atmosphere. 

In an earlier project, LandClim I, the effects of anthropogenic 
land-cover change in Europe between 6k and 0.2 k on biogeophys-
ical forcings were studied using a regional climate model. In that 
project, the first generation of pollen-based REVEALS reconstruc-
tions of vegetation cover for the purpose of climate modelling 
were achieved for five time windows of the Holocene over most of 
Europe (excluding the Mediterranean area and the easternmost re-
gions).  In this presentation we will i) briefly present the results of 
LandClim I project, ii) explain the research strategy of LandClim 
II, and iii) present the second generation of pollen-based REVEALS 
reconstructions of vegetation cover over the whole of Europe and 
the   entire Holocene produced for the purpose of LandClim II. 
These reconstructions are a contribution to PAGES LandCover6k.   

O276

POLLEN PRODUCTIVITY ESTIMATES FOR THE RECONSTRUCTION OF LAND-COVER 
CHANGES IN THE FOREST-STEPPE ZONE FROM SE ROMANIA (SE EUROPE)

Roxana Grindean1, Ioan Tanțău1, Anne Birgitte Nielsen2, Angelica Feurdean3 
1Department of Geology, Babeș-Bolyai University, Cluj Napoca, Romania. 2Department of Physical Geography and Ecosystem 

Science, Lund University, Lund, Sweden. 3Biodiversity and Climate Research Centre (BiK-F), Senckenberg Gesellschaft für 
Naturforschung, Seckenberg, Germany 

The lowlands in south-eastern Romania are located at the conver-
gence of several ecoregions (continental, steppic and maritime) 
and represent one of the oldest areas of human impacts on the en-
vironment and vegetation in Europe. Due to its dry character, this 
region is already confronted with prolonged droughts and water 
shortage for plant growth.  This trend is predicted to become ac-
centuated in the future under increased anthropogenic pressure 
on the natural landscape. However, little is known about the past 
vegetation dynamics of this landscape and when significant shifts 
of the forest cover occurred due to human impact, although sev-
eral archaeozoological studies from the area have suggested larger 
areas of forested habitats up until the first half of the 2nd millenni-
um AD.

Thus, an accurate and comprehensive quantification of past hu-
man-environment interaction is necessary to fully grasp the 

extent to which humans have impacted land-cover through de-
forestation and biomass burning and to explore the feedback 
mechanisms on the climate and between environmental change 
and societal development.

Pollen productivity estimates (PPE) are key parameters for the 
quantitative estimation of past vegetation cover. In this study, we 
use modern pollen assemblages and present vegetation data from 
26 sites in order to estimate relative pollen productivity of 12 ma-
jor tree and herb taxa characterizing the forest steppe landscape 
around Lake Oltina (SE Romania). We will apply the obtained esti-
mates to the fossil pollen record to quantitatively reconstruct the 
late Holocene (last 6000 years) vegetation cover and to explore the 
magnitude of landscape alteration across cultural phases and land-
use changes.

O277

ELEMENTAL AND PALYNOLOGICAL ANALYSIS OF HONEY FROM AZAD JAMMU AND 
KASHMIR PAKISTAN

Aisha Mushtaq, Mehwish Jamil, Sofia Khalid 

Fatima Jinnah Women University, Rawalpindi, Pakistan 

Mellisopalynological, heavy metal and macronutrient stud-
ies of wild and farm honey was carried out. Fifty six pollen type 
from thirty three families was extracted from total nineteen hon-
ey samples. Asteraceae was the common family with highest oc-
currence frequency along with Rosaceae, Lamiaceae, Poaceae and 
Malvaceae families. Pollen richness varied from 360 -10160 grains 
per 10g of honey. Elemental analysis  indicate Potassium (K)as the 
most abundant macro-nutrient. Lead (Pb) being the most abun-
dant among other heavy metals. Macro-nutrient concentration 

trend in mg/kg  K > Ca> Na > Mg while the trend followed by heavy 
metals was Pb > Cr > Ni >Cd> As> Hg. 

Present studies proved helpful in declaring authentication of do-
mesticated produced origin of honey to meet the international 
standards and beeflora of the selected region. It is concluded that 
macronutrient and heavy metals participate little in the compo-
sition of honey but their role in determining honey quality can’t 
be ignored.
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THE FOSSIL ATMOSPHERES EXPERIMENT: IMPROVING ESTIMATES OF DEEP-TIME 
ATMOSPHERIC CO2 CONCENTRATIONS FROM GINKGO LEAVES

Richard Barclay1, Scott Wing1, Laura Soul1, Amy Bolton1, Jonathan Wilson2, Patrick Megonigal3 
1Smithsonian, Washington, USA. 2Haverford College, Haverford, USA. 3Smithsonian, Edgewater, USA 

During the Late Cretaceous and Paleogene, Earth’s climate was 
much warmer than today.   The background warmth is often at-
tributed to increased atmospheric CO2 concentration (pCO2), 
yet paleo-pCO2 proxy estimates for these intervals disagree wide-
ly.  Consequently, we have an inadequate understanding of what 
generated past warm climates.   Herbarium collections of Ginkgo 
biloba demonstrate that the stomatal index proxy for paleo-pCO2 
is strongly correlated with pCO2 over the range of 290-400 ppm.   
However, despite wide application of the Ginkgo paleo-pCO2 ba-
rometer, our understanding of pCO2 in the fossil record has been 
hindered because the morphological and physiological changes 
in G. biloba stomata under pCO2 above 400 ppm have been poorly 
constrained.

To address this problem, we are conducting an elevated CO2 ex-
periment to quantify the effect of elevated pCO2 and other envi-
ronmental variables on stomatal properties of living and historic 
G. biloba trees, an experiment we call ‘Fossil Atmospheres’.  We are 
growing 15 G. biloba trees in open-topped chambers under natural 
field conditions.  Three outdoor controls grow under ambient (400 
ppm), and 12 trees grow in chambers under atmospheres of 400, 
600, 800, and 1,000 ppm of CO2.  Each tree is regularly monitored 
for changes in stomatal frequency and rates of photosynthesis 

and transpiration to constrain parameters used in gas exchange 
models of paleo-pCO2.  This approach allows the tree to function 
normally .  They are growing under the natural daily and seasonal 
fluctuations of the environment, providing a more appropriate 
comparison to the fossil material.  The experiment commenced in 
August of 2016.  The 2018 leaf flush represents the first crop from 
plants that grew under a full year of elevated pCO2 conditions.  We 
will be able to compare leaves from pre-experimental conditions 
(2015-2016) with the leaves produced under elevated conditions 
(2017-2018). We expect the plant response to elevated pCO2 to be 
fully manifest after 3-5 growing seasons.

To collect the stomatal index measurements, we have enlisted cit-
izen scientists using the online Zooniverse platform, utilizing the 
interaction to educate citizens about modern climate change from 
the less-menacing viewpoint of deep-time climate change events.  
Preliminary results suggest that the aggregate answer from images 
repeatedly counted by citizens produces a similar result to ‘expert’ 
counts.  Our results can then be used to infer paleo-pCO2 from sto-
matal features of Late Cretaceous-Paleogene fossils of G. adiantoi-
des, allowing for paleo-pCO2 estimates from these terrestrial record 
to be compared with the pCO2 and temperature estimates from the 
marine realm.

O279

ASSESSING GINKGO LEAF TRAITS AS A CLIMATE PROXY FOR THE FOSSIL RECORD

Karen Bacon1, Claire Belcher2 
1University of Leeds, Leeds, United Kingdom. 2University of Exeter, Exeter, United Kingdom 

Ginkgo biloba has a long evolutionary history, with leaves of a strik-
ingly similar morphology to those of the modern plant found in 
sediments over 100 million years old and well-preserved represen-
tatives of the family identified in the Early Triassic. This makes 
the sole survivor of this once diverse clade of significant interest 
to palaeobotany and palaeoecology.  G. biloba  is known for its 
fan-shaped leaves and noted for the variety of shapes that these 
leave can produce.  A survey of G. biloba trees growing in 15 cities 
in Great Britain and Ireland was conducted to sample leaf shape 
and leaf trait variation along a relatively mild climate gradient. 
Twenty leaves were collected from each tree and between one and 
three trees were sampled at each location, with one to three lo-
cations per city.   Analysis of these leaves has shown a strong leaf 
shape variation with temperature – leaves growing in the warmer, 

southern locations (e.g. Exeter, London) had significantly (p < 0.5) 
rounder and larger leaves than those growing in more northern 
locations (e.g. Aberdeen). An addtional 12 cities spanning North 
America, Europe, Asia, and Africa were samples to test the relation-
ship identified in UK and Irish leaves. A tempeture controlled ex-
periment was also conducted on Ginkgo plants to determine if the 
leaf shape change and other trait variation could be clearly linked 
to temperature variation. The obseved leaf morphology changes 
were also applied to a collection of ~40 Gingkoites fossils from 
the Mesozoic and Cenozoic to determine if leaf shape related to 
known palaeoclimate data. Overall, the analysis suggests that leaf 
shape in G. biloba  is correlated to mean annual temperature and 
may provide a useful palaeo-temperature proxy. 
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REVISITING EARLY PERMIAN CO2 VIA IMPROVED INPUT PARAMETERS AND MODELS.

Jon Richey1, Isabel Montañez1, Cindy Looy2, William DiMichele3, Joseph White4 
1University of California, Davis, Davis, USA. 2University of California, Berkeley, Berkeley, USA. 3NMNH Smithsonian Institute, 
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The late Paleozoic Ice Age (LPIA; 340–290 Ma) archives repeated 
major climate changes within an icehouse and is the only record 
of a permanent turnover from icehouse to fully greenhouse condi-
tions since the evolution of metazoans and vascular plants. In ad-
dition, the LPIA has long been compared to the Pleistocene glacial 
state given that both were characterized by very low atmospheric 
pCO2, eccentricity-scale glacial-interglacial cycles, and extensive, 
long-lived continental ice sheets. Existing mid-Pennsylvanian to 
earliest Permian paleo-atmospheric CO2 estimates, based on pa-
leosol carbonates and fossil plant proxy methods, show a linkage 
between shifts in pCO2, ice volume, and climate that are indica-
tive of greenhouse gas-forcing. Here, focusing on the demise of 
the LPIA, we reevaluate published latest Pennsylvanian through 
middle Permian CO2 estimates (Montañez et al. 2007) by applying 
paleosol carbonate data and an improved organic matter data set 
to the PBUQ model (Breecker, 2013), which fully propagates the 
uncertainty associated with all input parameters. The updated 
CO2 estimates are directly compared to plant-based early Permian 
CO2 values obtained using a mechanistic CO2 model and fossil 

cuticles collected from some of the same stratigraphic successions 
as the pedogenic carbonates. Reformulated early Permian CO2 
results indicate absolute pCO2 estimates less than half those pre-
viously published (Montañez et al. 2007) and delineate a stepped 
CO2 rise from a Late Pennsylvanian-earliest Permian nadir to a 
mid-Permian maximum of ~1400 ppm. In addition, there is good 
agreement between latest Pennsylvanian through middle Perm-
ian paleosol-based and stomata-based mechanistic CO2 estimates. 
Furthermore, we integrate the pCO2 estimates from this study 
with a recently published eccentricity-scale pCO2 reconstruction 
for the mid- to late Pennsylvanian (Montañez et al. 2016) in or-
der to build a consensus CO2 curve through ~30 Myr of the LPIA 
and its turnover to a permanent greenhouse state. The consensus 
pCO2 curve is compared to independently constrained records of 
the timing of glaciation/deglaciation and evidence of volcanism. 
The improved data set further confirms a robust linkage between 
shifts in pCO2, ice volume, and climate, with implications for our 
current glacial state.
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SINGLE SPECIES OR PLANT ASSEMBLAGE APPROACH? A COMPARISON OF PLANT-
BASED PALEOATMOSPHERIC CO2 PROXIES

Amanda Porter1, Charilaos Yiotis2, Christiana Evans-Fitz.Gerald2, Isabel Montañez3, Jennifer McElwain1 
1Trinity College Dublin, Dublin, Ireland. 2University College Dublin, Dublin, Ireland. 3University of California, Davis, USA 

Reconstructing Phanerozoic paleoclimate is dependent upon 
well-developed proxy methods and in recent years new plant-based 
models that can estimate paleoatmospheric CO2 have emerged. 
One of these is an empirical model, termed the C3 plant proxy, de-
veloped from the hyperbolic relationship observed between plant 
carbon isotope discrimination (angiosperm species R. sativus and 
A. thaliana) and pCO2. Another model of interest is a mechanistic 
model based on established equations for leaf gas exchange and 
photosynthesis that utilises stomatal anatomy measurements and 
plant carbon isotope composition. Despite the potential benefits 
of using these models for deep time paleo-pCO2 reconstruction 
there has been relatively little testing on their robustness and ac-
curacy to predict pCO2. This presentation will compare these two 

models using 10 plant species representing the four major vascu-
lar plant groups (lycophytes, monilophytes, gymnosperms and 
angiosperms) grown in environmentally-controlled plant growth 
chambers. Examining model performance for all vascular plant 
groups is important considering the emergence and turnover of 
dominant plant groups throughout the Phanerozoic. Plants were 
also exposed to a range of O2:CO2 ratios to simultaneously address 
two main questions: 1) are the models phylogenetically indepen-
dent regardless of CO2 concentration, and 2) does atmospheric O2 
concentration, which has fluctuated with CO2 in the geological 
past, influence model CO2 estimates? The answer to these ques-
tions determines whether a plant assemblage or a single species 
approach is appropriate for these models.
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LEAF EVAPOTRANSPIRATION AND PALEOPHYSIOLOGY OF EARLY EOCENE 
NEOTROPICAL RAINFORESTS

Monica Carvalho, Carlos Jaramillo, Klaus Winter 

Smithsonian Tropical Research Institute, Panama, Panama 

The Paleocene-Eocene boundary and the early Eocene recorded 
the warmest temperatures of the last 60 million years. Global esti-
mates of sea surface temperatures and many climate models have 
suggested a collapse of the Neotropical forests under high tropical 
temperatures during the early Eocene, however, the pollen record 
available indicates that tropical rainforests were able to persist un-
der the increasing temperatures. Here, we test whether increased 
leaf evapotranspiration and consequent thermal cooling may have 
provided a mechanism for tropical plants to cope with increasing 
temperatures and avoid thermal damage to the photosynthetic 

machinery. We compare leaf anatomical and geochemical data 
from tropical plants grown under high CO2 – high temperatures 
at the Smithsonian Tropical Dome Project to determine whether 
changes in leaf evapotranspiration can be potentially observed 
in fossilized leaves. Results from these experiments are then com-
pared with late Paleocene (Cerrejón Fm., 58-60 Ma) and recently 
discovered early Eocene (Bogotá Fm.) leaf cuticles from Colombia, 
as a means to assess relative changes in leaf evapotranspiration in 
Neotropical rainforests during the global warming events of the 
early Eocene.
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IMPROVING THE USE OF MOLECULAR FOSSILS TO IDENTIFY FLORISTIC COMPONENTS 
IN PALEOENVIRONMENTS

David Taylor 

Indiana University Southeast, New Albany, USA 

There is growing use of biogeochemical markers to understand flo-
ristics components of paleofloras.   Unfortunately, there are gaps 
in understanding the similarity of molecules from living systems 
and fossil biomarkers after diagenesis.  Collaborative work, includ-
ing the use of hydrous pyrolysis to artificially mature specimens, 
provides some preliminary results that will aid our reconstruction 
of paleoenvironments.   First, the triterpenoid des-A-oleanane 
may be a better biomarker for angiosperms than oleanane.   Sec-
ond, high concentrations of the diterpenes fichtelite and beyerane 
correlated well with mega- and micro-fossil concentrations of co-
nifers.  Third, fernane is not a reliable biomarker for ferns and no 

universal fern biomarker is known.  Fourth, the concentration of 
terpenoid compounds from living herbaceous plants vary, as do 
the concentrations in different organs, but not in a consistent way.  
Fifth, there may be consistent difference between concentrations 
of alkanes and bulk triterpenoids in herbs and woody plants.  Fi-
nally, caution is need when comparing frequencies of conifers 
and angiosperms as it appears that at higher temperatures, trit-
erpenoids (angiosperm biomarkers) appear to preferentially dis-
appear compared to diterpenes (conifer biomarkers). Molecular 
fossils have the potential to increase our understanding of angio-
sperm evolution and paleoecology.
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THE INBETWEEN: LANDSCAPE IMAGE AND LANDSCAPE OBJECTS

Rachel Lillie 

Kingston University, London, United Kingdom 

There is a space that lies between walking and making, between 
observing and drawing, between lived experience and reflected 
experience, between being witness and being interpreter, and be-
tween landscape image and landscape object. Process, content, 
form, symbolism and materiality are all at play here.

This presentation considers Illustration as an explorative and po-
etic practice and seeks to engage the audience to meditate on these 
spaces within and beyond the boundaries of illustration, reaching 
to archaeology, engineering, conservation and craftsmanship.

Through a series of case studies and examples of ongoing creative 
field work methodologies, I ruminate on my expanded approach 
to Illustration practice and consider my role as researcher and sto-
ryteller. Throughout I will highlight the unique role of the craft 

object and the illustrated image in documenting place, revealing 
the unseen and engaging with audiences.

The first (Case study 1) seeks to explore to the history of Epping 
Forest, Essex, using drawing to interpret the seen (present) and 
the object to reveal the unseen (past). Experience of landscape 
through walking provides content here. The work explores narra-
tives that are recorded in the land, shaped by man, but often over-
looked. Pictorial representations of significant locations are exhib-
ited alongside cod-historical wooden artefacts, hand carved from 
fallen wood in Epping Forest. Collectively it invites the audience 
to explore the space between the past and the present, knowing 
and unknowing and between image and artefact.

The second (Case study 2) considers the narrative of Wallasea Is-
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land, on the coast of Essex, currently in the process a landmark 
conservation and engineering project. Here 4.5 Million tonnes of 
earth removed from London’s Crossrail has been relocated to rec-
reate ancient wetlands and mud flats, to help combat the threats 
of climate change and coastal flooding. My role as illustrator looks 
towards understanding a past and communicating the future of a 
place very much in transition and whose history is displaced and 

reformed. I will discuss my experiences at the site, the potential 
for drawing to record the progress of a changing landscape, and for 
the object to intervene and inhabit the landscape to create sponta-
neous encounters and experience for the audience.

Rachel Lillie MA (Royal College of Art), Senior Lecturer (Kingston 
University)
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BURNT AREA EXPLORING THE EFFECTS AND ECOLOGY OF FIRE THROUGH ART-
SCIENCE FUSION

Charlotte McDonald, Claire M. Belcher 

wildFIRE Lab, University of Exeter, Exeter, United Kingdom 

Over the last 4 years we have sought to explore the relationship be-
tween the ecology of fire over landscapes and time. Burnt Area has 
been funded through the European Union and relates to a grant 
entitled “ECOFLAM – The impact of plant evolution on fire be-
haviour”. Throughout this period both our disciplines have acted 
as a catalyst to bring out new and uncharted explorations, where 
having the opportunity to use the research from the wildFIRE Lab 
at the University of Exeter has opened up untapped avenues from 
an artistic side. Using data, figures, tangible materials, imagery, 
and video footage of fires has acted as a vehicle to aid the creative 
artwork practice. Enabling a new way of working that has allowed 
a deeper connection with landscape, the environment and evolu-
tionary time to emerge in Burnt Area. This presentation will out-

line the new avenues that have appeared by working closely with 
scientists via their data and novel material collections. Exposure 
to tangible materials from scientific studies in the field such as soil, 
ash, leaves, charcoals and fossil charcoals has broken down creative 
restrictions allowing new expression to be formed by working in 
2D through to 3D and with a variety of creative materials. Here we 
aim to highlight that art and science are disciplines that work well 
hand in hand. The artistic approach has likewise returned a whole 
new view of scientific approach that feeds back into scientific prac-
tice. We hope that this pairing allows us to create a new message 
to the viewer with Burnt Area enabling the influences of wildfire 
events to cross-cut societal and disciplinary bounds.  
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A new fossil plant assemblage from south-central New Mexico 
contains peculiar plant remains consisting of foliated branches 
that have a morphology characteristic of walchian-type conifers 
but bear ovuliferous compound strobili like those known from 
Cordaitales (cf. Cordaianthus). The morphology of these remains 
may seem to affirm the long-standing hypothesis that conifers 
originated from within the Cordaitales, which would entail a ma-
jor change in shoot structure. These new remains strongly suggest 
that such shoot structure shifts occurred, in either one direction 
or the other. The fossil flora is preserved in the Beeman Formation, 
exposed in the Sacramento Mountains. This formation is an ap-
proximately 200 m thick unit of terrigenous clastics and marine 
carbonates. Fusulinid and conodont biostratigraphy indicates that 
it is of Missourian-Virgilian (Late Pennsylvanian) age. The gymno-
sperm-rich flora discussed here is from the lower part of the forma-
tion, and thus of early/middle Missourian (i.e. early Kasimovian) 
age. This flora is of the “mixed” type, consisting of both typical 

Missourian-age wetland elements, principally pteridosperms and 
ferns, and xeromorphic taxa often associated with climatic indi-
cators of seasonal drought, such as conifers. These plants are in-
timately associated, indicating that they grew in close proximity, 
suggesting local landscape heterogeneity. The Missourian (Kasi-
movian) was the time of onset of more seasonally dry conditions 
across much of Euramerican Pangaea, thus improving the chances 
that long-existing, more drought-tolerant taxa entered areas of 
higher preservation potential.  Since the new finds are younger 
than the oldest described conifers, the question arises whether 
they represent descendants of an early-diverging cordaitalean lin-
eage that gave rise to a single conifer clade; evidence of multiple 
changes to a conifer-like shoot structure that occurred within the 
Cordaitales, but did not lead to any of the known conifer lineages; 
or a persisting line from a common ancestor of Cordaitales and co-
nifers that had conifer-like vegetative morphology, indicating that 
cordaitalean shoot organization is derived.
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Noeggerathiales are an enigmatic group of spore plants that flour-
ished during the late Palaeozoic. The systematic position of this 
group remains uncertain, mainly because of unknown whole 
plant morphology and anatomic feature. Groups proposed as close 
relatives include leptosporangiate ferns, sphenopsids, progymno-
sperms, or the extant eusporangiate fern Tmesipteris. Previously 
identified noeggerathialeans lacked anatomical preservation, lim-
iting taxonomic comparisons to their external morphology and 
spore structure. We here present from the Permian of China newly 
discovered, a whole plant new species of Paratingia Zhang for the 
first time reveals the morphology and anatomy and unambigu-
ously resolves the group’s controversial systematic affinity. It is a 
small tree producing an apical crown of pinnate, compound leaves 

and pseudo-strobili that are homologues; It combines features 
of hetersporous pteridophytic reproduction with production of 
‘gymnospermous’ secondary wood; It appears to represent a strati-
graphically young member of a clade that previously played an 
important role in the origin of seed plants but continued to have 
a high diversity as seed plants underwent their Palaeozoic primary 
radiation. Our new preliminary cladistic analysis reveals Noegger-
athiales comprise a clade of advanced eusporangiate ferns that, 
together with the Carboniferous progymnosperm Protopitys, are 
immediate sister to seed plants, and it is therefore recommended 
future studies concentrating on the origin of seed plants should 
focus on Protopitys with define structure apart from archaeopterid-
alean or aneurophytalean progymnosperms.
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NEW INSIGHTS INTO A PECULIAR MIXED FLORA FROM THE UPPER PERMIAN OF 
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Patrick Blomenkemper1, Abdalla Abu-Hamad2, Hans Kerp1, Benjamin Bomfleur1 
1Forschungsstelle für Paläobotanik, Institut für Geologie und Paläontologie, Westfälische Wilhelms-Universität Münster, 

Münster, Germany. 2Department of Applied and Environmental Geology, The University of Jordan, Amman, Jordan 

The Late Permian Umm Irna Formation is an up to 85-m-thick 
succession of continental deposits exposed along the shore of the 
Dead Sea, Jordan. It has yielded spectacularly well-preserved plant 
compression fossils with cuticles that seem to have undergone 
hardly any alteration. Most recent studies so far focused either on 
palynology and biostratigraphy (Abu-Hamad, 2004; Stephenson 
& Powell, 2013; Powell, et al., 2016; Bandel & Abu-Hamad, 2013) or 
on the unusual occurrence of the typical Triassic seed-fern foliage 
Dicroidium (Kerp et al. 2006; Abu-Hamad et al., 2008; Abu-Hamad 
et al., 2017) in this formation. During recent fieldwork in 2017 
and 2018, however, rich and diverse assemblages of additional 

plant taxa have been recovered, including typical Cathaysian 
floral elements (e.g. Lobatannularia, Gigantopterids and putative 
ginkgophytes such as Rhipidopsis), possibly Gondwanan taxa (e.g., 
glossopterid leaves), and more cosmopolitan taxa (e.g., Saportaea, 
Noeggerathiales, and various conifer remains). Our finds demon-
strate that these peculiar mixed floras of the palaeo-tropics are 
much more diverse than previously thought. We are confident 
that continuing work on these remarkable floral assemblages will 
yield deeper insights into Late Permian vegetation communities 
and their palaeogeographic significance.
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COMPARING MACRO- AND MICROFOSSIL RECORDS

Hendrik Nowak1, Evelyn Kustatscher1,2 
1Museum of Nature South Tyrol, Bozen - Bolzano, Italy. 2Ludwig-Maximilians-Universität and Bayerische Staatssammlung für 

Paläontologie und Geobiologie, Munich, Germany 

The Lopingian (upper Permian) to Lower Triassic interval is 
marked globally by important changes in faunas and floras, in-
cluding the famous Permian–Triassic extinction and subsequent 
recovery. In Lopingian successions, macrofossils of land plants are 

common, contrasted by comparatively rare and mostly impov-
erished floras dominated by pleuromeiacean lycopsids in Lower 
Triassic sediments. Despite the reduced abundance of preserved 
macrofossils, there is no shortage of spores and pollen grains from 
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the latter interval suggesting that there might be a considerable 
taphonomic bias for the macroremains during this period. In or-
der to gain a more coherent picture of land plant macroevolution, 
global sporomorph and plant macrofossil occurrence records from 
the Lopingian to the Middle Triassic have been compiled into a 
comprehensive digital database, which was then used to calculate 
taxonomic diversity (or richness), extinction and origination pat-
terns of land plants. The taxonomic diversity of land plant mac-
rofossil species exhibits a drastic decline through the Lopingian, 
culminating in the apparent loss of more than half of the species 
across the PTB and followed by a prolonged recovery phase start-
ing in the Olenekian. This is essentially the expected pattern that 
has been observed in previous studies. However, on the level of 
genera, the Changhsingian appears as a time of net diversity in-
crease, rather than a time of catastrophe. On the level of families, 

the observed trends depend heavily on the way in which taxa 
are partitioned into families, which is not incontestable. Com-
pared to the Lopingian, macrofossils from the Early Triassic are 
also currently under-represented in the available data, meaning 
that the apparent extinction pattern is most likely exaggerated. 
Sporomorph diversity shows no extinction trend at the PTB, but 
rather increases to a peak in the Induan and subsequently declines 
towards the Olenekian. While macro- and microfossil diversities 
differ, and while both have limitations, they do both individually 
and in their sum provide arguments against a mass extinction in 
plants as previously conceived. Our analysis does not negate the 
clearly dramatic ecological disturbances in floras during the stud-
ied interval, which however do not translate to a proper mass ex-
tinction, and in large parts are not coeval with the mass extinction 
in animals, but succeeding it.
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The Permian-Triassic boundary is marked by a major faunal turn-
over in numerous successions. In the microfloral record, however, 
the boundary seems to be indistinct with respect to extinctions 
and originations of taxa at least in some records, such as the Kap 
Stosch record in East Greenland. There, in a succession marked by 
high sedimentation rates, range charts seem to be insufficient to 
delineate the Permian-Triassic boundary. However, relative abun-
dance data of taxa and plant groups show distinct changes. These 
changes reflect the ecological aspect carried in palynological data-
sets. Thus environmental changes can be drivers for extinctions 
and originations but they also influence the relative abundances 
of individual taxa or plant groups in spore-pollen assemblages. The 

carbon isotope curve from Kap Stosch is marked by very distinct 
changes. The major changes are high-amplitude perturbations, 
which are also documented in other regions illustrating profound 
changes in global carbon cycling and thus environmental chang-
es. In Greenland changes in spore-pollen assemblage composition 
often coincide with changes in the carbon isotope record. Addi-
tionally oxygen isotope data of conodont apatite from compara-
ble latitudes on the southern hemisphere indicate sea surface tem-
perature changes during the Early Triassic. The resilience of some 
taxa might have been overstressed by the environmental upheaval 
indicated by proxy data and they disappeared gradually during the 
earliest Triassic (e.g. Vittatina spp.)
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The Permian–Triassic (P–T) mass extinction event is widely rec-
ognised as the most severe biotic crisis witnessed during the Pha-
nerozoic. However, the impact of the event on terrestrial floras is 
debatable; the plant macrofossil record indicates major losses of 
taxa, while palynological studies suggest a more gradual floral 
transition. To contribute to this discussion, we present the results 
of an interdisciplinary study of a recently drilled core from the 
southern Barents Sea, Arctic Norway. The core spans the bound-
ary between the spiculitic packstones of the Upper Permian Røye 
Formation and the mud-dominated  deposits of Lower Triassic 
Havert Formation, and provides a rare opportunity to study the 
P–T boundary in the area.

Fifty-two samples were collected over a 10 m interval across the 
boundary, and were analysed for bulk C-isotopes, palynology and 
palynofacies. The core records an abrupt negative excursion in 
δ13Corg values of 6‰ through basal the Havert Formation. This cor-
responds with a transition to pyritic laminated mudrocks and an 
AOM dominated palynofacies, which are consistent with records 

of marine anoxia at the boundary interval elsewhere. Following 
the convention of previous workers, and in the absence of inde-
pendent biostratigraphic age control, we tentatively place the P–T 
boundary at this first isotopic minimum. This negative shift per-
sists over a further 2 m before rebounding and stabilising at values 
of approximately -28.5‰ for the remainder of the core.   

Palynological assemblages from below the P–T boundary are char-
acterised by a dominance of taeniate bisaccate pollen, including 
Lunatisporites and Protohaploxypinus. However, above the bound-
ary there is slight influx in monosulcate pollen, such as Cycado-
pites follicularis, and polyplicate pollen of the Ephedripites group. 
Following the stabilisation of the δ13Corg values, there is a steady 
increase in diversity, with the gradual increased abundance of ca-
vate lycopsid spores, including Densoisporites, Lundbladispora and 
occasional specimens of Aratrisporites. Our preliminary results in-
dicate gradual change in floral composition across the P–T Bound-
ary, and are comparable to the recently published data from East 
Greenland (Schneebeli-Hermann et al. 2017).   Intriguingly, the 
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boundary ‘spore spike’ was not observed despite the high sam-
pling density; however, lycopsid spore tetrads and fungal palyno-
morphs, both features of P–T boundary assemblages elsewhere, 
were recorded in relatively low abundance throughout the studied 
interval.

Schneebeli-Hermann E, Hochuli PA, Bucher H. 2017. Palynofloral 
associations before and after the Permian–Triassic mass extinc-
tion, Kap Stosch, East Greenland. Global and Planetary Change 
155, 178-195.
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LEAVES AND INFLORESCENCES OF ARACEAE AND OTHER MONOCOTS IN THE LATEST 
ALBIAN (MID-CRETACEOUS) OF SPAIN: IMPLICATIONS FOR EARLY MONOCOT 

EVOLUTION

Luis Miguel Sender1, James A. Doyle2, Garland R. Upchurch3, Uxue Villanueva-Amadoz4, José B. Diez5 
1Universidad de Zaragoza, Zaragoza, Spain. 2University of California, Davis, CA, USA. 3Texas State University, San Marcos, TX, 

USA. 4UNAM, Estación Regional del Noroeste, Hermosillo, Mexico. 5Universidade de Vigo, Vigo, Spain 

Molecular phylogenetic analyses imply that monocots began 
to diversify early in the angiosperm radiation, but they are less 
common than other major clades in the Early Cretaceous fossil 
record. The best-established Early Cretaceous monocot group is 
Araceae, in the near-basal order Alismatales, known from leaves, 
inflorescences, and pollen from the Aptian and Albian of Brazil 
and Portugal. Here we report an unusually well-preserved araceous 
leaf, diverse monocot leaves with parallel venation, and araceous 
inflorescences from two localities in the Boundary Marls Unit (lat-
est Albian) of Teruel Province, Spain. The araceous leaf shows an 
unthickened multistranded midrib, several orders of low-angle 
primary lateral veins, two orders of transverse veins, and vari-
able paracytic-oblique stomata. This suite of characters (but with 
anomocytic as well as paracytic stomata) is diagnostic today for 
Orontium in the near-basal subfamily Orontioideae, and similar 
leaf architecture is seen in later Cretaceous and Cenozoic leaves 
assigned to Orontium and Orontiophyllum. However, our phy-
logenetic analyses, using a morphological data set and molecular 
tree of Cusimano et al., indicate that this character combination 
may be ancestral for Araceae, and the fossil could be either sister 

to Orontium, sister to Araceae as a whole, or nested at other points 
in a basal grade of the family, below the True Araceae clade. Nine 
other leaf types from the same locality have diverse patterns of 
parallel venation but similar paracytic-oblique stomata, as do lin-
ear leaves reported from the Cenomanian of Portugal, consistent 
with the hypothesis that such stomata are ancestral in monocots. 
The inflorescences, from the second locality, are spadices of closely 
packed, sessile flowers with four tepals, the predominant condi-
tion in perigoniate Araceae, and a long basal stipe, in contrast to 
True Araceae, in which the spathe is attached just below the fer-
tile portion of the spadix. Similar inflorescences occur today in 
Gymnostachys and Orontioideae. Phylogenetic analyses confirm 
that the inflorescences are related to Araceae, either sister to the 
family or nested in the same basal grade as the leaf from the first 
locality. The lacustrine sedimentary environment of the Boundary 
Marls is consistent with phylogenetic inferences that both Arace-
ae and monocots as a whole were originally aquatic (helophytic). 
Our results reaffirm that Araceae were one of the first recognizable 
monocot lines in the Cretaceous, alongside unexpectedly diverse 
monocots of uncertain affinities.
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Weichselia reticulata (C. Stokes et Webb) Fontaine has been report-
ed from the Bathonian to the Cenomanian worldwide. Several 
whole-plant reconstructions have been proposed with differenc-
es in the frond architecture, but there is no detailed quantitative 
study of its frond; and so far, its growth pattern is unknown.

The studied material was collected from the upper Barremian La 
Huérguina Formation of the fossil locality Las Hoyas, Cuenca, 
Spain. Twenty six specimens including the hand specimen MC-
CM-LH 17327 showing a petiole head with 9 radiating pinnae, and 
25 specimens of more or less complete primary pinnae bearing 
secondary pinnae, were photographed with a Nikon D5100 digi-
tal camera and measured with ImageJ 1.49. In order to study the 
variation of the secondary pinnae along the primary pinna, the 
latter was divided into three parts (basal, middle and apical), and 

each into zones of an equal number of secondary pinnae, resulting 
in seven zones in total. These were called B1, B2, M1, M2, A1, A2, 
and A3. The following metric variables were studied: DBP, distance 
between two successive secondary pinnae; FSL, length of the first 
segment of the secondary pinnae; IA, insertion angle of the sec-
ondary pinnae; RW, the rachis width at the insertion of each sec-
ondary pinna; TL, total length of each secondary pinna. The vari-
ation of every metric variable was explored throughout the seven 
zones, and correlations were studied using a Principal Component 
Analysis (PCA).

The metric values of all pinnae are similar and show that the pri-
mary pinnae have an elliptic shape with a sinuous rachis that ta-
pers apically. Compared to mature specimens, MCCM-LH 17327 
probably corresponds to a juvenile frond based on differences in 
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the variation of DBP and RW along the primary pinnae. On the 
juvenile, DBP is shorter from zones M2/A1 to the apex, and RW 
diminishes with a steeper curve than expected, which suggests 
that the primary pinnae had an acroplastic (from base to apex) 
growth. Furthermore, each primary pinna of MCCM-LH 17327 
corresponds to a different growth stage, in which the most axial 

primary pinna is more mature than the more lateral pinnae. This 
condition suggests a basioplastic (from apex to base) growth on 
the petiole head, which resembles the growth pattern observed in 
the living fern Matonia pectinata R.Br. 

Funds provided by project CGL2013-42643P.
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The Marsileaceae are a heterosporous, leptosporangiate lineage of 
ferns with specialized reproductive mechanisms. Sporangia are 
grouped in indusiate sori contained inside structures called spo-
rocarps, hypothesized to be homologous to fused modified pin-
nules. Fossils of marsileaceous affinity can be traced to the base 
of the Cretaceous and a few – represented by spores – cross into 
the Late Jurassic. Fossil marsileaceous sporocarp records are sparse 
and known only from the Late Cretaceous onwards, with the ex-
ception of Regnellites, reported from deposits of uncertain age 
(Late Jurassic–Early Cretaceous) in Japan. Anatomically preserved 
sporocarps are known only in two pre-Cenozoic taxa, Regnellidi-
um and Rodeites, both of Late Cretaceous age. Recently, the Early 
Cretaceous Budden Canyon Formation of northern California has 
yielded marsileaceous sporocarps from layers dated to the Barremi-
an-Aptian boundary (ca. 125 Ma) based on invertebrate and radio-
larian biostratigraphy. These marsileaceous fossils are some of the 
best preserved permineralized sporocarps and are part of alloch-
thonous assemblages exposed near the town of Ono, preserved in 
marginally-marine deposits that contain a rich flora that also in-
cludes other pteridophytes, gymnosperms, as well as bryophytes 
and fungi. The Ono fossils represent the second sporocarp occur-
rence that pre-dates the Late Cretaceous and the oldest to yield 

anatomical preservation. The Ono sporocarps are thick-walled, 
reniform, ca. 3 x 1 mm, and can be paired on common stalks. The 
sporocarp wall consists of a 1-cell thick outer sclerenchymatous 
palisade layer and a parenchymatous, 2-3 cells thick inner layer. 
The sporocarps show evidence of a longitudinal slit suggesting 
bi-valvate dehiscence, similar to that of extant Marsileaceae and 
extinct Rodeites. Thin bifurcated partitions preserved inside the 
sporocarps represent indusia, protruding from the sporocarp wall 
toward the center. The proximal end of the sporocarps features a 
conical protrusion where the wall is much thicker and is traversed 
by a vascular bundle of scalariform tracheids surrounded by paren-
chymatous tissue. Numerous microspores with bi-layered walls are 
preserved inside the sporocarps; megaspores could not be identi-
fied. A morphology-based phylogenetic analysis using parsimony 
as the optimality criterion, including extant Marsileaceae and ex-
tinct forms featuring well-characterized reproductive structures, 
with Hydropteris as outgroup, recovers the Ono sporocarp as a 
stem-group member of the Marsileaceae. This provides insights 
into ancestral character states within the family, critical to under-
standing the evolution of morphological features such as sporo-
carp symmetry and dehiscence mechanisms.
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Unique locality with middle Albian angiosperms was discovered 
near town of Bolshoy Kamen in Primorye, Far East of Russia. It is 
situated in southern Primorye, on the shore of Ussuriysk Bay. Fos-
sils come from the Early Cretaceous deposits of the Partisansk coal 
basin. The rich Lower Cretaceous flora of this basin was studied 
mostly by Krassilov. Fossil plants are associated with the alluvial 
and lagoon deposits of the Frentsevo Formation. In the lower part 
of the Frentsevo Formation there are marine Trigonia beds, repre-
senting a short marine ingression and containing the middle Albi-
an invertebrate assemblage.

Angiosperm remains come from one layer about 15 cm thick, con-
taining greenish gray psammitic tuffites. The plant remains are 
folded or obliquely imbedded in the tuffaceous matrix. It is likely 
that this fossiliferous layer was formed during one flood event, and 
plants at the locality are practically autochthonous.

This site is dominated by 6 species of herbaceous angiosperms: 
Achaenocarpites capitellatus, Ternaricarpites floribundus, Asiati-
folium elegans, Jixia pinnatipartita and two undescribed species. 
The preservation of fossils is rather good. Sometimes it is possible 
to recognize almost whole plants, with roots, branching stems, 
leaves and fruits. Angiosperms are accompanied by abundant fern 
remains, represented by Onychiopsis psilotoides. Sometimes also 
whole plants with roots were found. Other fossils are represented 
by occasional scale-leaved conifer shoots and rare fragmented re-
mains of other ferns.

Therefore, this site contains numerous remains of diverse herba-
ceous angiosperms mixed with the fern Onychiopsis psilotoides. 
Preservation of fossils indicates that they were deposited not far 
from their growing place. It is likely that these plants formed 
open pioneer communities colonizing fresh sediments of coastal 
plain in periodically flooded areas. In other early-middle Albian 
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localities of Northeastern Russia ferns, cycadophytes, czekanows-
kialeans, ginkgoaleans and conifers predominate. Angiosperm re-
mains occur rarely and irregularly.

The locality at Bolshoy Kamen is of importance not only for ecolo-
gy of early angiosperms, but also for stratigraphy. Two species (Jixia 
pinnatipartita and Asiatifolium elegans) are in common with the 
famous angiosperm assemblage from the Chengzihe Formation in 

eastern Heilongjiang. The Chengzihe Formation is exposed near 
the city Jixi in Northeast China near the boundary with Russia and 
not far from the Bolshoy Kamen locality. The angiosperms from 
the Chengzihe Formation were considered to be Hauterivian-early 
Barremian in age. Analysis of stratigraphic position of these two 
assemblages and distribution of other Albian angiosperms suggest 
a younger age for the Chengzihe flora.
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Fossil record of Late Cretaceous floras of Central Europe and its 
interpretation is based on four key floras: 1) Peruc Flora from the 
Cenomanian of the Bohemian Cretaceous Basin, 2) Klikov Flora 
from the Santonian-Coniacian of the South Bohemian Basins, 3) 
Idzików Flora from the Coniacian of the Sudetic Basin, 4) Grün-
bach Flora from the Campanian of the Gosau Group. Major vege-
tational associations are characterised: aquatic fresh water habitat 
dominated by monocot Pandanites, Sabalites; salt-marsh habitat 
dominated by conifer Frenelopsis and ginkgophyte Nehvizdyella;, 
back swamp habitat dominated by cupressoid conifers Cunning-
hamites and Elatocladus), flood plain habitat dominated by plata-
noids (Ettingshausenia) and lauroids (Myrtoidea, Mauldinia), up-
land vegetation was dominated by xerophytic ferns and conifers.

Palaeoenvironmental interpretations are based mainly on CLAMP 
analysis, but also on Carbon stable isotopes and fossil wood. Cen-
tral European Late Cretaceous floras show quite similar palaeocli-
matic values. This fact is a result of their quite similar latitude and 
relatively stable palaeogeography, but also caused by sampling 
possibilities. In terms of mean annual temperature (MAT), the 
highest temperatures are calculated for Coniacian Idzików Flora 

(17.1°C), while the coldest MAT 13.2°C is calculated for the Campa-
nian Grünbach Flora. The highest values for the warmest month 
mean temperature (WMMT) come from the Cenomanian Peruc 
Flora (28.12°C), while the lowest values of WMMT were calculated 
for the Grünbach Flora (25.2°C). The highest values of the cold-
est month mean temperature (CMMT) were obtained for Idzików 
Flora, which experienced milder temperature extremes over the 
course of the year. The lowest values of CMMT calculated for the 
Grünbach Flora were 2.3°C, which does not preclude the possibil-
ity of some days when the temperature dropped below 0°C. The 
longest growing season was reconstructed for the Peruc Flora (9.7 
month), the shortest growing season is suggested for Grünbach 
Flora (7.6 months).

Fossil woods studied in the Peruc Flora indicate false growth rings. 
CLAMP analysis showed that that ratio of average precipitation of 
three driest (3-DRY) and three wettest (3-WET) months are very 
close to a ratio of 1:5 and precipitation of 3-WET is close to equal 
to or higher than 55% of the total annual precipitation. The com-
bination of these independent observations indicates that climate 
in Central Europe was under monsoonal influence.
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CHALLENGING THE CONVENTIONAL INDICATORS: ANTHROPOGENIC ACTIVITIES 
INFERRED FROM ALGAE RATHER THAN POLLEN AND COPROPHILOUS FUNGI

Benjamin Dietre1, Christoph Daxer2, Marie-Claire Ries1, Brigitte Hechenblaickner1, Werner Kofler1, Jyh-Jaan 
Huang2, Kerstin Kowarik3, Michael Strasser2, Timothy Taylor4, Jean Nicolas Haas1 

1Institute of Botany, University of Innsbruck, Innsbruck, Austria. 2Institute of Geology, University of Innsbruck, Innsbruck, 
Austria. 3Department of Prehistoric and Historical Archaeology University of Vienna, Vienna, Austria. 4Department of 

Prehistoric and Historical Archaeology University of Vienna, Vienna, Australia 

Introduced by Karl-Ernst Behre (Lower Saxony Institute for His-
torical Coastal Research Wilhelmshaven, Germany) in 1981, the 
definition of pollen indicators for human activities (i.e. agro-pas-
toralism) was an important step forward for palaeoecological 
studies, offering new approaches to the interpretation of pollen 
data. In the last decades, the systematic identification of non-pol-
len palynomorphs (NPP), initiated by Bas van Geel (University 
of Amsterdam, The Netherlands) in 1978, resulted in a new leap 
forward to better understand local ecological processes in all types 
of landscapes worldwide. Some of the most valuable NPP taxa are 
spores from coprophilous fungi, which are often used as indirect 
indicators of pastoral activities. Here we present the results from a 
continuous high-resolution record from Lake Mondsee (Austria), 

where archaeological evidences acknowledge human presence 
and agricultural activities during the so-called Neolithic Mondsee 
Culture, between 4000 and 2500 cal. BCE. Despite an important 
sampling effort (i.e. high pollen sum), typical indicators of anthro-
pogenic activities such as pollen grains of cereals and spores of co-
prophilous fungi are scarce in the lacustrine sediments from this 
more than 60 m deep lake. However, some algal groups are highly 
represented such as Botryococcus, Tetraedron, and Volvocaceae. We 
address their potential value as indicators of eutrophication by 
comparing them with other palynological and palaeoecological 
proxies, as well as archaeological evidence related to prehistoric 
pile-dwelling and upland societies living around the lake.
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COMBINING PRESENCE WITH THE PAST – AN ATTEMPT OF USING MODERN NON-
POLLEN PALYNOMORPH SURFACE SAMPLES IN THE PALAEORECORDS - AN EXAMPLE 

FROM POLISH RAISED BOGS

Monika Karpińska-Kołaczek1,2,3, Mariusz Lamentowicz1,2, Katarzyna Kajukało1,2, Mariusz Gałka1, Grażyna Miotk-
Szpiganowicz4, Milena Obremska5, Kazimierz Tobolski1, Maciej Gąbka6, Piotr Kołaczek1 
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Raised bogs are commonly used to infer past environmental 
changes by applying different proxies. In our research, we focused 
on three peat cores from raised bogs located in northern Poland, 
in the W-E gradient of increasing continentality (Bagno Kusowo, 
Gązwa and Mechacz Wielki, respectively). Previously obtained 
results of pollen, testate amoebae, and plant macrofossil analyses 
were supplemented with analysis of non-pollen palynomorphs 
(NPPs) and additional AMS radiocarbon datings. To facilitate the 
interpretation of results and discussion about bogs’ development, 
and their hydrological and vegetation changes, we incorporated 
data obtained from 90 modern surface samples, collected from 
the same bogs as previously studied cores. The samples represent 
different microhabitats such as hummocks, hollows, pools, moss 
carpets, Sphagnum patches in forests, and overgrowing drainage 
ditches. Moreover, we measured environmental variables such 
as pH, hydrochemistry, and water level, and described vegetation 
(within the frame 50 x 50 cm). The main aim of the research was 
to untangle the relationships between NPPs and environmental 
conditions, both in modern and fossil samples. The results of anal-
ysis of modern NPP dataset revealed the relationship between the 

habitat openness and NPP spectra, i.e the open area (0-25 % of tree 
cover) samples were similar to samples from half-open area (25-50 
% of tree cover), but varied from samples collected in half-forested 
and forested areas (50-75 % and 75-100 % of tree cover, respective-
ly). For the peat profiles, we combined the results of NPP analysis 
with available quantitative and qualitative reconstructions. Our 
results show that HdV-10 and HdV-90 seem to be related to dry 
phases or water level fluctuations, whereas HdV-13, HdV-30 and 
HdV-37 were present mostly during wet shifts. Higher pH values 
seemed to be preferred by HdV-29, HdV-77A and HdV-96A, where-
as lower by HdV-35. The occurrence of HdV-10 is connected with 
the presence of macroscopic remains of Ericaceae (mostly Calluna 
vulgaris), similarly, HdV-77A (Geoglossum sphagnophilum) occurred 
in spectra where macroscopic remains of Sphagnum magellanicum 
were identified. The increases of HdV-90 appear to be related to in-
tensified Sphagnum sporulation.

Research is financed by the National Science Centre, grant no. 
UMO-2014/13/B/ST10/02091.
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FUNGI FRAGMENTS IN DEEP SEA QUATERNARY SEDIMENT ON THE AMAZON FAN 
RIVER, AMAZON BASIN, BRAZIL

Nelsa Cardoso1,2, Renta Medina1, Adriana Giongo1, Caroline Thais Coutinho1 
1PUCRS, Porto Alegre, Brazil. 2Atlas Ambiental Services LTDA, Porto Alegre, Brazil 

The vast forest present in the Amazon basin involves countries 
such as Brazil, Peru, Bolivia, Colombia, Ecuador and Venezuela and 
its evolution strongly influenced the basin of Foz do Amazonas, on 
the north of the Brazilian equatorial margin with 268 thousand 
of km2 into the well-known fan of Foz do Amazonas. The fan has 
about 45% of its area in deep water zone, containing more than 
50% of the sediment from the Andes, occurring at least 20 million 
years ago. Tectonic and climatic episodes resulted in a landscape 
dominated by lowland lands with tributaries of the Amazon River 
forming drainage systems with shape and size constantly altered 
during the Cenozoic. All this sediment that goes to the bottom of 
the sea brings nutritive content capable of feeding a diversity of 
microorganisms present in the sediment in the bottom of these 
waters. In an analysis of material collected from three thousand 
meters of water depth in the marine subsurface, it was possible to 

find remains of fungal material through the presence of spores and 
hyphae of this group. These fragments may be related to a com-
munity living under special pressure and temperature conditions, 
thus characterizing them as extremophile organisms, or are part of 
the sediment thus far entrained by the stream of mud poured daily 
into that área. Here are presented a fungal components found in 
the area of the Amazon Fan River, which are analyzed in an attempt 
to understand the elements that make up the microbiota present 
in this environment. According to some studies the occurrence of 
fungi in the deep-sea subsurface has been more common than ex-
pected, characterizing their survival capacity under high pressure 
and very low temperatures. The marine micota may be associated 
with the decomposition of benthic algae from intermarine zones 
or from the remains of mangrove plants connected to the sea.



Page 177

O304

INSIGHTS INTO PREHISTORIC HUMAN IMPACT AROUND LAKE ATTERSEE, AUSTRIA, BY 
MEANS OF NON-POLLEN PALYNOMORPHS
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Archaeological settlements at pre-alpine lakes in Austria bare large 
potential for interdisciplinary research. They offer outstanding 
preservation conditions for organic matters and are therefore key 
sites for the understanding of past socio-economic and ecological 
changes. This study presents results of a multi-proxy investigation 
applied for the first time in such an archaeological context. Sedi-
ment cores were obtained at the Late Neolithic-Chalcolithic site of 
Weyregg II (Lake Attersee, Upper Austria, ca. 3900-3500 BC) and 
analysed by means of palynological, palaeoethnobotanical, ar-
chaeological, and sedimentological approaches. Special emphasis 
was given to the determination of new non-pollen palynomorphs 
(NPP). A wide range of well-known and 222 so far unidentified 
NPP-types was documented contributing to the reconstruction of 
past environmental conditions on a local scale. The broad set of 
methods applied on the on-site deposits contributed significantly 

to our understanding of anthropogenic activities, site formation 
processes as well as climatic changes (e.g. lake level fluctuations). 
High frequencies of spores from coprophilous fungi imply the im-
portant local presence of livestock. The occurrence of intestinal 
parasitic eggs of whipworms (Trichuris) gives direct evidence for 
disease, health, and quality of life of prehistoric people. Further-
more, sedimentation patterns represent different stages of depo-
sitional and erosive processes (traced by e.g. Glomus fungal spore 
finds). Finally, focus is given on the comparison with adjacent 
palaeoenvironmental records in order to track similarities and 
differences for short- and long-term transformation processes of 
prehistorical cultural landscapes.

O307

HOW DO PATTERNS OF SUBSISTENCE, NON-SUBSISTENCE PRODUCTION AND 
PALAEODEMOGRAPHIC CHANGE RELATE TO REGIONAL VEGETATION COVER IN 

BRITAIN AND IRELAND?

Ralph Fyfe1, Andy Bevan2, Kevan Edinborough2, Peter Schauer2, Stephen Shennan2 
1University of Plymouth, Plymouth, United Kingdom. 2University College London, London, United Kingdom 

Quantification of regional vegetation can greatly enhance the 
understanding of how past cultures have transformed and shaped 
their surroundings.   Much attention is paid to the role of food 
procurement, and in particular the emergence and intensification 
of agriculture.   By the later Bronze Age spatially-extensive field 
systems characterised at least some areas of western Europe (e.g. 
southern Britain) and later prehistoric farming has been shown 
to have a major impact on regional vegetation cover (e.g. Fyfe et 
al 2015).   The impact of early agriculture, and temporal change 
within early agricultural practice (e.g. the balance of crop cultiva-
tion, pastoral land use and gathering of wild resources) has been 
less fully explored, although Woodbridge et al (2014) describe re-
lationships between demographic change and land cover.   Less 
attention has been paid to non-agrarian land use, and in partic-
ular extractive practices such as mining.  In this paper we explore 
the inter-relationships between land cover, palaeodemographic 
change, subsistence and extraction, particularly focussing on 
earlier prehistory and the emergence of agriculture within Great 
Britain and Ireland.   Regional vegetation cover is estimated from 
open-access pollen datasets, transformed using the REVEALS 
model (Sugita 2007).   Palaeodemographic change is reconstruct-
ed using a radiocarbon dates-as-data approach (Bevan et al. 2017).  
Non-subsistence production focusses on a new evaluation of the 
timing of flint and stone mining for axe production, particularly 
at the start of the Neolithic. The results show clear relationships 
between REVEALS-based vegetation cover, radiocarbon-derived 

palaeodemographic and mining from at least 6000 cal BP.   Rela-
tionships between the subsistence base and land cover are clear 
during the first emergence of agriculture in Great Britain and Ire-
land, but become less clear in later prehistory, possibly as land cov-
er was already substantially transformed by this time.

 Bevan A, Colledge S, Fuller D, Fyfe R, Shennan S, Stevens C (2017) 
Holocene fluctuations in population demonstrate repeated links 
to food production and climate PNAS E10524-E10531

Fyfe RM, Woodbridge J, Roberts CN (2015) From forest to farm-
land: pollen-inferred land cover change across Europe using the 
pseudobiomization approach Global Change Biology 21, 1197-1212

Sugita S (2007) Theory of quantitative reconstruction of vegeta-
tion I: pollen from large sites REVEALS regional vegetation com-
position. The Holocene 17, 229-241

Woodbridge, J, Fyfe, RM, Roberts, N, Downey S, Edinborough, K, 
Shennan, S (2014) The impact of the Neolithic agricultural tran-
sition in Britain: a comparison of pollen-based land cover and 
archaeological 14C date-inferred population change Journal of Ar-
chaeological Science 51, 216-224
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MEDITERRANEAN VEGETATION CHANGE, LANDSCAPE DYNAMICS AND HUMAN 
POPULATION TRENDS THROUGH THE HOLOCENE

Jessie Woodbridge1, Ralph Fyfe2, Neil Roberts1 
1University of Plymouth, Plyouth, United Kingdom. 2University of Plymouth, Plymouth, United Kingdom 

The Mediterranean landscape has undergone significant changes 
throughout the Holocene. This research utilises large databases of 
modern pollen (Davis et al., 2013) and fossil pollen from sediment 
cores (Leydet et al., 2007-2017) as a proxy for vegetation change. 
Radiocarbon-led archaeological population proxies (Shennan & 
Edinborough, 2007) and settlement surveys are used to compare 
vegetation change with demographic trends. Cluster analysis and 
phytosociological classification of pollen datasets have revealed 
numerous closed forest/wooded vegetation types (e.g. evergreen 
and deciduous oak woods) and several open or scrub vegetation 
types (e.g. sclerophyllous scrub, steppe, grassland, parkland) (Fyfe 
et al., 2018; Woodbridge et al., in review). Pollen-inferred landscape 
change indicates both short and long-term variability, which re-
flects temporal variations in climate, human land use and eco-
logical dynamics. The results indicate that the Mediterranean 
has been a dynamic landscape throughout the Holocene with 
frequent changes in land-cover and persistence of disturbance 
and drought-adapted plant assemblages within an extensively 
human-modified environment. The pollen-inferred vegetation 
patterns and archaeological-inferred demographic trends are 
compared with palaeo-fire and palaeoclimate datasets in order to 
explore the drivers of disturbance in time and space within Medi-

terranean ecosystems. 
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UTILIZATION OF MOUNTAINOUS AREAS IN THE IRON AGE – THE POTENTIAL OF LAND-
COVER RECONSTRUCTIONS

Kari Loe Hjelle1, Kathrine Stene2,1 
1University of Bergen, Bergen, Norway. 2University of Oslo, Oslo, Norway 

People have used mountains in all time periods, but their impact 
on vegetation was probably minor until different transhumance 
practices came into use, in Norway especially from the Iron Age 
(the last ca. 2000 years). Livestock grazing, iron production, fodder 
and wood collection, have all had an effect on the local vegetation 
and formed characteristic cultural landscapes in these areas. Pollen 
analysis may reveal the history of this exploitation of outfield re-
sources. At the same time mountainous landscapes are often open 
and suffer from long distance pollen transport combined with low 
local pollen production. The vegetation in mountain areas is also 
more exposed to climate changes than in lowland landscapes. This 
may result in difficulties in separating between climate change 
and human impact as cause of vegetation changes. We have stud-
ied the development in two different mountainous areas in south 
Norway reflecting different landscape types: one in the fjord land-
scape of western Norway, the other in a broad mountain valley in 
eastern Norway. Both areas have been used for summer farming by 
lowland farms in historic time periods. Based on several bog pol-

len diagrams, land-cover reconstructions for the last 3000 years us-
ing the Landscape Reconstruction Algorithm (Sugita 2007a, b) are 
presented. The estimated vegetation cover in the two study areas is 
compared and connected to archaeological data achieved through 
surveys and excavations of house remains, hunting traps and iron 
production sites. The potential of quantitative reconstructions us-
ing the Landscape Reconstruction Algorithm on data from such 
areas is presented and methodological questions related to the re-
constructions discussed.

Reference:
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BENEFITS OF APPLYING X-RAY MICRO-COMPUTED TOMOGRAPHY TO 
PALEOBOTANICAL STUDIES

Selena Smith, Kelly Matsunaga, John Benedict 

University of Michigan, Ann Arbor, USA 

Fossils provide critical data for understanding broad patterns of 
biodiversity, biogeography, ecology, and evolution over geological 
time scales. Challenges remain in being able to compare between 
localities, overcoming sampling issues due to various preservation 
states, accessibility, and accurately interpreting morphology in 2D 
or 3D. Experiments using synchrotron-based or industrial X-ray 
micro-computed tomography (microCT) is a particularly useful 
tool for studying fossil plant material because it is non-destruc-
tive, rapid, and provides both 2D and 3D morphoanatomical data. 
The resulting data can be used to produce models. In addition, this 
technique is enhancing collections by creating a lasting record of 
specimen data in case of compromised integrity, and enabling re-
mote, virtual sharing and examination of material. MicroCT has 
been used on variety of paleobotanical materials including char-
coalifications, permineralizations in carbonates and cherts, and 
compression fossils. Virtual dissections of fossils, and the creation 
of virtual fossils, generate hypotheses of expected morphologies 
from either extant or extinct taxa, revealing cryptic morpholo-
gies, which provide “search images” so that we may recognize 
fossils and correctly place them in a taxonomic and phylogenetic 

framework. Additionally, it can be used for acquiring comparative 
morphological data within extant taxa, and the non-destructive 
nature of the technique allows for rare, modern collections to be 
studied too. While microCT is becoming more widely used in pa-
leobotany, here, examples from the Cretaceous-Paleogene Deccan 
Intertrappean Beds of India demonstrate how microCT is helping 
to understand the paleobiodiversity at these localities. Studies of 
specific groups, like the Arecales (palms) and Zingiberales (gingers, 
bananas, and relatives), illustrate the power of microCT in assem-
bling large comparative datasets to place critical fossils in a phy-
logenetic context. Although access to microCT machines is a po-
tential barrier, industrial microCT is becoming more common in 
part due to their multidisciplinary applications (e.g. engineering, 
materials science, earth science, anthropology, biology), and the 
resulting datasets, in addition to providing a record of the internal 
and external morphology of a specimen, can be made available to 
anyone. MicroCT is an invaluable tool for paleobotanical studies, 
enhancing our ability to study museum specimens and build com-
parative datasets to elucidate broader patterns of diversity and evo-
lution gleaned from the fossil record.
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THE EARLIEST WOOD DOCUMENTED BY SYNCHROTRON ANALYSES
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The evolution of wood was fundamental to the early diversifica-
tion of vascular plants, giving rise to progymnosperm trees by the 
end of the Devonian (ca 370 Ma), however wood first evolved in 
plants of small stature during the early Devonian (407–397 Ma). 
Here we develop an approach based on nondestructive synchro-
tron analyses to investigate the wall structure and chemical com-
position of the tracheids in the earliest fossil wood with the aims 
of characterizing their nature and the potential remaining chemi-
cal signature of their lignin component.

Axes of Armoricaphyton chateaupannense (ca 407 Ma) from the Ar-
morican Massif, western France) were preserved as both thin coali-
fied compressions and 3D permineralizations. Permineralized axes 
were imaged using propagation phase contrast X-ray synchrotron 
microtomography (PPC-SRµCT). Visualizations were obtained 
by digital three-dimensional reconstruction of the tomographic 
data. Chemical analyses were performed on both types of axes us-
ing focused ion beam (FIB) ultrathin sections extracted from fresh-
ly fractured specimens. Synchrotron-based scanning transmission 
X-ray microscopy (STXM), coupled with X-ray absorption near 
edge structure (XANES) spectroscopy was used to document the 
chemical nature of the tracheids.

Tomography enables digital visualizations of the cell wall and 

pit structures in unprecedented details (voxel-resolution of 
<1µm).  The tracheids have a P-type cell wall structure. They pos-
sess scalariform bordered pits, which is a characteristic feature of 
P-type tracheids. The perforations have a highly variable shape 
and they are distributed in a reticulum. These results reveal struc-
tures similar to those observed in extant lignified cells.

Spectrometry shows that organic carbon from both samples has 
a similar spectrum and does not exhibit molecular biosignatures 
characteristic of modern lignin. They exhibit a broad absorption 
feature at ~285 eV indicating the presence of aromatic or olefinic 
carbons, a peak at 286.2 eV that can be attributed to carbons bond-
ed to oxygen or sulfur, and a peak at ~ 288.5 eV likely correspond-
ing to the presence of ester or carboxylic groups. The C-XANES 
spectrum of the organic compounds composing the specimens 
preserved in 3D exhibits an additional slight absorption feature at 
287.3eV that can be attributed to the presence of phenols or ke-
tones. The findings indicate that the preserved organic matter has 
been altered and is not original. The synchrotron-based microsco-
py, coupled with spectroscopy, shows that permineralization does 
not preferentially conserve elements of original cell wall chemis-
try and that both compressed and 3D-preserved fossils can be used 
in terms of chemical analyses.
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HYDRAULIC CONDUCTIVITY AND CONSTRAINTS AMONG PALEOZOIC PLANTS
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Plants are unique among multicellular organisms because 
much of their physiology is biophysical, rather than behav-
ioral, and the anatomy that defines these biophysical capabil-
ities is preserved in the fossil record. Mathematical models, 
when applied to fossilized plant organs—particularly leaves 
and stems—can provide quantitative insight into the physiolo-
gy and ecology of plants that have been extinct for hundreds of 
millions of years. Comparing the physiology of extinct plants 
with strategies that are currently employed by living plants 
sheds light on ecophysiological trajectories in plant evolution-
ary history and the history of plant-environment coevolution. 
 
Mathematical models of xylem structure can be applied to mac-
erated or thin-sectioned permineralized xylem. Key parameters, 

including conduit diameter, pit dimensions, and pit frequency, 
are measured directly from individual cells from specimens. This 
presentation will focus on key plants from the Euramerican Car-
boniferous tropical forests, including  Medullosa, a morphologi-
cally diverse genus of Carboniferous plants that evolved fronds 
and stems capable of high rates of transpiration, Psaronius, a stem 
group marattialean tree fern with divergent hydraulic strategies in 
its stem xylem and root mantle xylem, and two sphenopsid genera 
with distinct hydraulic capacities and constraints, Arthropitys and 
Sphenophyllum. Each of these plants contains anatomical features 
that result in novel physiologies, and together they represent the 
early evolution of hydraulic complexity—and the capability to in-
fluence regional climates and biogeochemical cycles—in terrestri-
al ecosystems.
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REFINING PHYTOLITH ANALYSIS IN DEEP-TIME PALEOECOLOGY THROUGH MODERN 
ANALOGUE STUDIES

Camilla Crifò, Caroline Strömberg 

Department of Biology and Burke Museum of Natural History and Culture, University of Washington, Seattle, USA 

Phytolith analysis has been used in Archaeobotany and Quaterna-
ry paleoecology for over 40 years, but it is only in the last 15 years 
that the plant silica record has emerged as a source of data also 
for deep-time paleoecological studies. As the use of phytoliths in 
Quaternary paleoecology grows, it is crucial to refine this tool by 
establishing more rigorous, precise, and reliable protocols allow-
ing application and comparisons among diverse studies. Modern 
analogue studies are a necessary step in this direction but they 
have only recently been undertaken. In addition, existing studies 
suffer from several methodological shortcomings that limit their 
use both geographically (mainly North America and Africa) and 
temporally (Quaternary). At the heart of these limitations are sev-
eral assumptions about phytolith taphonomy, which might vary 
depending on the habitat (open vs. closed), the time studied (Qua-
ternary vs. pre-Quaternary), as well as the spatial scale considered 
(local vs. regional).

In this study, we focus on two main methodological issues that 
need to be solved in order to appropriately apply modern analogue 
studies to the deep-time fossil record. By comparing phytolith as-
semblages from upper versus lower soil A-horizons, and compos-

ites (made of several subsamples taken from a small area) versus 
single phytolith assemblages, we aim to determine: 1) whether 
phytoliths from the lower portion of the A-horizon (as the up-
per A-horizon is often truncated by erosion) adequately reflect 
the current vegetation; and 2) whether a composite (i.e., spatially 
averaged) soil sample more accurately captures standing vegeta-
tion than a single sample. In addition, 3) in order to define the 
spatial resolution of phytolith analysis, we compare modern soil 
phytolith assemblages collected along vegetation transects to each 
other and to the modern, local vegetation (species composition) 
and canopy openness (LAI). We present data from two Neotropical 
habitat types from Costa Rica: a dry forest and a rainforest. Data 
from the rainforest site indicate that the phytolith assemblage 
in the lower A-horizon does not differ significantly from that of 
the upper A horizon; in addition, no major compositional dif-
ferences are found between the single vs. the composite samples. 
These results suggest that the typical field approach in deep-time 
paleoecology of sampling single paleosol samples from the lower 
A-horizon is likely to produce reliable results, at least in rainforest 
soils. We aim to include additional vegetation type in our future 
work.
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The palynological record of the northern South American low-
lands is very rich in sporomorphs yet their botanical affinities are 
poorly resolved. In this study we focus on Rhopities guianensis and 
Malvacipolloides maristellae, two characteristic taxa of the early 
Neogene, which decline from the middle Miocene onwards. We 
applied LM, SEM and TEM to resolve their botanical affinities and 
found that Rhoipites guianensis closely resembles Grewioideae such 
as Vasivaea and Trichospermum, while Malvacipolloides maristellae 
resembles Abutilinae such as Abutilon, Bakeridesia, Callianthe and 
Herissantia.  Nowadays, both taxa are common in the Andes and 

Central America, with the Abutilinae also being characteristic in 
the dryer vegetation types of the South American lowlands. Inte-
gration with the molecular phylogeny of these taxa further shows 
that Rhopities guianensis is of South American ancestry whereas 
Malvacipolloides maristellae seems to be an immigrant from the 
northern hemisphere. Collectively, our integrated study sheds 
new light on the phytogeography of the Malvaceae, with impli-
cations for our understanding of plant evolution in the context of 
Neogene climate change and Andean tectonics.
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LM VS. SEM BASED ANALYSES OF THE EARLY MIOCENE SALDANHA BAY PALYNOFLORA, 
WESTERN CAPE, SOUTH AFRICA

Friðgeir Grímsson1, Reinhard Zetter1, Frank H. Neumann2, Louis Scott2 
1University of Vienna, Department of Paleontology, Vienna, Austria. 2University of the Free State, Department of Plant 

Sciences, Bloemfontein, South Africa 

Since the birth of paleopalynology fossil pollen have mostly been 
studied using light microscopy (LM) despite that already 60 years 
ago scanning electron microscopy (SEM) was shown to be superi-
or regarding diagnostic surface features observed in recent pollen. 
The conventional LM procedure including counting of 300-600 
grains per slide is considered fast and reliable and is used by paly-
nologists all over the world to identify and segregate pollen types 
and to document subtle or major vegetation and climate changes. 
Many refrain from using SEM and argue that it is too time-con-
suming and that it does not add much compared to the effort. 
Here we present preliminary results of an ongoing combined LM/
SEM investigation of the early Miocene Saldanha Bay palynoflora 
and compare our results to a previous account of the same flora 
using conventional LM. The previous LM study worked 22 sam-
ples from the same drill-core. For our SEM based analyses we used 
a single sample that was processed without sieving. The residue in 
glycerol was stored in test tubes and studied on open slides and 
grains were movable. We looked at thousands of pollen grains un-
der LM and picked out representatives of all pollen types for SEM. 
The conventional LM study reported 130 angiosperm pollen types 

from the 22 samples. Two out of the 130 (1.5%) were considered 
unknown angiosperms. From our single sample we have identi-
fied 140 angiosperm pollen types. Fifty out of the 140 (36%) are 
currently assigned as unknown angiosperms. There are other pro-
found differences between the two studies. The conventional LM 
study documents several taxa including Castaneoideae, Ilex, Jug-
landaceae, Malvaceae, Quercus and Tsuga, that we did not find in 
our sample. We also found many taxa, especially small and/or rare 
pollen types including Loranthaceae, not reported in the previous 
LM study. Comparing the two methods we conclude that com-
bined LM/SEM analyses exceed conventional LM studies regard-
ing morphological data. Correct affiliation to modern taxa is often 
only possible using combined LM/SEM. Combined analyses will 
result in a more complete and accurate palynoflora (segregate sim-
ilar pollen types; find rare and small elements). Data compiled in a 
combined LM/SEM analyses is more reliable than that of a conven-
tional LM study. The biggest problem when using combined LM/
SEM is the lack of modern material to compare with the fossils, 
hence the many unknown angiosperm pollen types.
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THE CARNIAN HUMID EPISODE - A MOMENT OF MAJOR ORIGINATION FOR PLANTS

Evelyn Kustatscher 
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In the late early Carnian (Late Triassic) an important, but yet poor-
ly understood, phase of global climate change occurred. This is 
roughly synchronous with a global carbon-cycle perturbation 
revealed by a sharp negative carbon-isotope excursion in terres-
trial and marine organic matter, and marine carbonate carbon, 
attributed to the Wrangellia Large Igneous Province volcanism, 
basalts of which outcrop today in British Columbia, Yukon and 
Alaska. This “most distinctive climate change within the Triassic”, 
is known also as Carnian Pluvial Episode (CPE) and generally de-
scribed as a shift from arid to more humid conditions. The onset 
of the CPE is very well constrained in many stratigraphic sections 
in Italy, Austria, Hungary and China) and placed at the Julian 1 – 
Julian 2 boundary. During this period of time a major biological 
turnover occurred during which important groups diversified or 
spread, e.g., dinosaurs and coccoliths. Moreover, at different lat-
itudes is observed a shift of floral associations towards elements 

more adapted to humid conditions at different latitudes, and ex-
tensive resin production. These associations are among the most 
abundant and diverse floras of the Triassic. Paralic and lagoonal 
environments permit an exceptional preservation of the plant fos-
sils as well as findings of amber, megaspores and charcoal associ-
ated with the macroremains. Typical hygrophytic elements such 
as ferns and sphenophytes are often the most abundant groups in 
the flora, although bennettitaleans become locally also very abun-
dant. Conifer remains are dominant in allochthonous assemblag-
es of marine sediments and reflect a high transport bias. Several 
families and orders make their first appearance or start at least their 
first radiation during the Carnian. This includes bennettitaleans, 
modern fern (e.g., Dipteridaceae) and conifer families (Pinaceae, 
Araucariaceae, Cheirolepidaceae) as well as putative angiosperms 
(e.g., Furcula, Sanmiguelia), although angiosperm-like pollen have 
been described already from Middle Triassic successions.
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TWO IN ONE! RECONSTRUCING THE SEED-FERN LEPIDOPTERIS AND RESTORING PROF. 
BRITTA LUNDBLAD´S LEGACY - A HOLISTIC APPROACH FROM MUSEUM ARCHIVES

Vivi Vajda, Sam Slater, Margret Steinthorsdottir, Stephen McLoughlin 

Swedish Museum of Natural History, Stockholm, Sweden 

The end-Triassic mass extinction event in Northern Hemisphere 
terrestrial successions is typified by a significant turnover in vege-
tation. Extinction within the seed-ferns is recorded followed by a 
short period of fern-dominance and subsequent conifer invasion. 
In the Northern Hemisphere vegetation record, the notable ex-
tinction of the peltasperm Lepidopteris characterises the end-Tri-
assic event. Curiously, knowledge of this interesting seed-fern is 
limited. The palaeobotanical collections of the Swedish Museum 
of Natural History (NRM) host a unique archive of fossil Lepidopter-
is ottonis remains, including wood, leaves (impressions and com-
pressions), cuticles, seeds, seed coats, and pollen sacs with in situ 

pollen. Much of the material was prepared and described in detail 
by Professor Britta Lundblad during the 1950s. Her legacy howev-
er, like Lepidopteris, seems to have been somewhat overlooked. She 
was generally perceived as peculiar, possibly because she focused 
on science and not on building a family during times when a ca-
reer in science was less accessible to women. The abundant fossil 
material of Lepidopteris and extensive records of Prof. Lundblad’s 
documents and letters in the collections of the Swedish Museum 
of Natural History, NRM now allows for a holistic reconstruction 
of the plant and of Lundblad’s scientific achievements, ideas and 
theories.
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PLANT RELICTUALISM IN THE POLAR REGIONS OF THE MESOZOIC–PALEOGENE 
GREENHOUSE WORLD

Benjamin Bomfleur1, Patrick Blomenkemper1, Hans Kerp1, Stephen McLoughlin2 
1Westfälische Wilhelms-Universität, Münster, Germany. 2Swedish Museum of Natural History, Stockholm, Sweden 

We present the unexpected finds of Dicroidium, perhaps the most 
typical plant fossil of the Gondwanan Triassic, in Jurassic strata 
of the Beacon Supergroup, East Antarctica. The specimens con-
sist of dispersed cuticle fragments of three Dicroidium species (D. 
odontopteroides, D. sp. cf. D. elongatum, and Dicroidium sp. indet.) 
that occur in reliably dated Sinemurian and late Pliensbachian de-
posits at Section Peak and Shafer Peak. Reworking can be exclud-

ed because of the similar aspects of preservation of these cuticle 
fragments compared to those of co-occurring cheirolepid conifers 
and other seed plants. Our finds thus represent the first robust ev-
idence to suggest that Dicroidium survived the end-Triassic mass 
extinction and persisted with relictual high-latitude populations 
well into the Jurassic. Based on this report, we provide an overview 
about similar patterns of unexpectedly young, relictual high-lat-
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itude occurrences of plant taxa in the Mesozoic and Paleogene, 
including various ‘seed ferns’ and Bennettitales. It appears that 
during warmer times in Earth History, the ice-free Polar Regions 

provided refugia for plant groups that had long disappeared else-
where.
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NEW SPECIES OF CENOMANIAN ANEMIA (CZECHIA)

Jiřina Dašková1,2, Jiří Kvaček1 
1National Museum, Prague, Czech Republic. 2Institute of Geology of the Czech Academy of Sciences, Prague, Czech Republic 

A new species of fossil Anemia, which is assigned to the most an-
cient extant fern family Anemiaceae, is described from the Ceno-
manian of the Peruc-Korycany Formation, Bohemian Cretaceous 
Basin (Czechia). Anemia cenomanica sp. nov. is characterised by 
fertile and sterile foliage. Sterile fronds show a bipinnate lamina 
bearing lanceolate pinnules. Fertile fronds display a bipinnate 
lamina with highly modified pinnules bearing sporangia and in 
situ spores. Spores are tetrahedral, radially symmetrical, with a 
triangular amb, ca 40 mm in diameter, striate with slightly undu-

late ridges. Although the sterile foliage is never found attached, it 
always occurs in intimate association with fertile material. Com-
parison with other fossil representatives of the genus is discussed. 
According to diagnostic characters (dimorphism between fertile 
and sterile pinnae and striate tetrahedral spores) we are able to 
demonstrate the fern belongs to the Anemiaceae, but assignment 
of the taxon to the subgenus requires more details which are not 
preserved in the material available for the present study.
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SUTUROVAGINA INTERMEDIA (CHEIROLEPIDIACEAE) FROM THE UPPER LOWER 
CRETACEOUS DALAZI FORMATION OF WANGQING, NORTHEAST CHINA: CUTICLE 

ULTRASTRUCTURE AND PALAEOENVIRONMENTAL INSIGHTS

Xiao-Ju Yang1, Gaëtan Guignard2, Zhi-Yan Zhou1, Qing Xu1 
1Nanjing Institute of Geology and Palaeobotany, CAS, Nanjing, China. 2Université Lyon, Lyon, France 

The cheirolepidiaceous conifer Suturovagina intermedia Chow 
et Tsao is reported from the Lower Cretaceous of Wangqing, Jilin 
Province in northeastern China, and its leaf cuticles were studied 
in detail using scanning and transmission electron microscopies 
and EDS. The data obtained were compared with those of the pre-
vious study on the same species from the Lower Cretaceous of the 
type locality Nanjing, Jiangsu Province in eastern China. In spite 
of the general similarity in gross morphology and leaf cuticular 
structure, there are a number of differences in leaf cuticular ultra-
structure and element composition (EDS data) between specimens 
from the two localities. Among them, 14 insignificant differences 
are potential taxonomical characters. Of them, 7 might be of im-
portance at the species/genus level and 7 are possible characters at 
Family level. There are also 23 differences, i.e. 7 cuticle ultrastruc-

tural characters of ordinary epidermal cell cuticles and 5 of sub-
sidiary cell cuticles, plus 11 EDS ratios of cuticles, believed to be 
of ecological significance. It is the first case to make comparative 
palaeoenvironmental analyses based on the leaf cuticle ultrastru-
ture and element composition of the same taxon from different 
areas. It shows that Suturovagina intermedia was an inhabitant of 
a lower xerothermic environment in Wangqing, instead of being 
a higher xerothermic environment as in the type locality in Nan-
jing. The conclusion obtained is well-supported by the evidence 
of the elemental composition (EDX data) of the matrix, and the 
associated biotic composition of the fossil-bearing beds from the 
two localities. It is the first attempt to search for the environmen-
tal footprint in fossil plant cuticles based on their elemental com-
position.
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DIVERSIFICATION OF CROWN GROUP ARAUCARIA: A SEED CONE FROM THE MID-
CRETACEOUS (CAMPANIAN) OF VANCOUVER ISLAND, BRITISH COLUMBIA, CANADA

Ruth Stockey1, Gar Rothwell1,2 
1Oregon State University, Corvallis, USA. 2Ohio University, Athens, USA 

Exceptional anatomical preservation of an araucarian fossil from 
a marine carbonate concretion from Vancouver Island, British 
Columbia, Canada provides unusually complete evidence for the 
seed cone, seeds, megagametophytes, and embryos of an Upper 

Cretaceous (Campanian) species of Araucaria.  The nearly spher-
ical cone, 6 X 6 cm in diameter, has helically arranged cone-scale 
complexes 3 cm wide.  Complexes consist of a large bract with an 
upturned tip and a small, fleshy ovuliferous scale separating from 
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the bract near the seed chalaza. The cone peduncle bears fleshy 
rhomboidal leaves and modified cone-scale complexes. Pith of the 
peduncle and cone axis is parenchymatous with scattered sclere-
ids and resin canals. Secondary xylem of the peduncle separates 
into bundles in the cone axis, where the pith expands. Cortex of 
the cone axis is parenchymatous with scattered sclereids. Vascu-
larization of the cone-scale complex is single at its origin, divid-
ing in the cortex into bract and ovuliferous scale traces.  Winged 
bracts, with a bulging base, contain numerous vascular bundles 
with accompanying resin canals. Abaxially, bract hypodermis 
contains numerous, regularly spaced fiber bands interspersed with 
rows of crowded stomata.  The ovuliferous scale closely adheres to 
the bract surface bending upward along with the bract tip.  Sto-
mata occur on adaxial surfaces of ovuliferous scales and abaxial 
surfaces of bracts. Seeds are ovoid, 1.2 cm long, 1.2 cm in diam-
eter, tapering to a mouth-shaped micropyle and vascularized by 
two bundles from the ovuliferous scale. Sclerotesta is thick, com-

posed of branched, interlocking sclereids, and endotesta contains 
thin-walled elongate cells. Nucellus is free from the integument, 
except at its base, with a highly convoluted cellular apex, contain-
ing possible pollen tubes. Megagametophyte and mature cellular 
embryos occur in several seeds. The structure of this cone most 
closely resembles those of Araucaria Section Eutacta, with embed-
ded seeds, small free ovuliferous scale tips that follow the course 
of the upturned bract tip, and a single trace to the cone-scale com-
plex.  While the cone is small, the imbricate bracts are very wide, 
and seeds are unusually large for fossil cones of this type.  Width 
and continuity of secondary xylem in the cone axis, and intact 
cone-scale complexes indicate that, unlike extant Araucaria Sec-
tion Eutacta, this cone probably did not disarticulate at maturity.  
The novel combination of characters displayed by this cone add to 
our understanding of araucarian cone evolution, and when added 
to phylogenetic analyses help resolve the pattern of phylogeny for 
crown group Araucariaceae.
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X-RAY TOMOGRAPHY USING SYNCHROTRON RADIATION REVEALS THE MORPHOLOGY 
OF A CHEIROLEPIDIACEAE CONE FROM THE LATE CRETACEOUS OF NEW ZEALAND.

David Cantrill1,2, Chris Mays3 
1Royal Botanic Gardens Victoria, Melbourne, Australia. 2The University of Melbourne, School of BioSciences, Melbourne, 

Australia. 3Swedish Museum of Natural History, Stockholm, Sweden 

Cheirolepidiaceae is a minor component of Cretaceous floras in 
Gondwana.  The distinctive pollen is widespread, being record-
ed from Antarctica, South America, Australia and New Zealand.  
However, its pollen occurs in low numbers and is a minor compo-
nent of most of these palynofloras.  Leaf macrofossils attributed to 
this family are equivocal and sparse.  Two ovuliferous cones have 
been described from South America (Kachaikestrobus acumina-
tus, Tomaxellia biforme).  Here we report on a new permineralised 

cone preserved in a concretion from the Late Cretaceous of New 
Zealand.  Synchrotron X-ray facilitated a tomographic reconstruc-
tion of the cone and its enclosing matrix, and the differential 
X-ray attenuation of the various components revealed an elongate 
cylindrical cone bearing numerous, helically-arranged ovuliferous 
scales.  The ovuliferous scales consist of a bract subtending a three-
lobed ovuliferous scale with a single long apical process, and one 
inverted ovule.
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NEW INFORMATION ON PHYTODEBRIS IN PALYNOLOGICAL AND PALYNOFACIES 
SAMPLES FROM THE TRIASSIC TO EARLY CRETACEOUS OF THE NORTH SEA, 

INCLUDING EVIDENCE OF ABUNDANT BRYOPHYTES

David Bailey 

BioStrat Ltd, Ulverston, United Kingdom 

Microscopic plant remains known as phytodebris are generally a 
major, or dominant component of acid insoluble organic residues 
mounted for palynological and palynofacies analyses. Individual 
phytoclasts have traditionally been interpreted as randomly bro-
ken fragments of embryophytes. Evidence is presented to illustrate 
that a substantial proportion of phytoclasts are complete, constit-
uent units of larger plant and/or algal structures.  These include 
archegonia and antheridia of ferns, peristomal teeth of mosses, 
leaf stomata, prothalli and thalloid gametophytes of pteridophyt-
ic and bryophytic plants, thalloid cells of larger plant/algal struc-
tures, bracts, bracteoles, stem leaves, underleaves and a variety of 
vegetative propagules procuced by hepatic plants, including gem-
mae, rhizoid tubers, bulbils and leaf margin propagula. A review of 
palynofacies and palynological publications has identified similar 
phytoclasts illustrated in numerous articles.

Samples from certain terrestrial environments where transporta-

tion of eroded plant material is minimal, may contain large quan-
tities of connected phytoclasts that remain linked together in life 
position. Linkage varies from just two or three adjoining cells and 
small clusters, to more substantial remnants of plant structures, 
including sporangia with attached microspores, leafy shoots and 
gynoecia/perianths of hepatic plants and other variably mature 
fruiting bodies on unknown affinity.

Further study of this material offers new line of palaeopalynolog-
ical research, requiring greater integration with palaeobotany. 
These new observations have very significant implications for ex-
isting palynofacies models and counting procedures, which will 
need to be reassessed in order to access more detailed and accurate 
palaeoenvironmental and paleoecological information contained 
in the phytodebris.
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CIGARS, VASES, AND DEAD CENTIPEDES: NON-POLLEN PALYNOMORPHS FROM THE 
MIDDLE TO LATE MIOCENE BRASSINGTON FORMATION, UK

Jen O’Keefe1, Noelia Nuñez Otaño2, Maggie Stephenson1, Matthew Pound3, James Riding4 
1Morehead State University, Morehead, USA. 2Universidad Autónoma de Entre Ríos (UADER), Oro Verde, Argentina. 

3Northumbria University, Newcastle upon Tyne, United Kingdom. 4British Geological Survey, Keyworth, United Kingdom 

The Middle to Late Miocene (Seravallian to Tortonian) Brassing-
ton Formation exposures in Derbyshire, UK contain an abundant 
palynoflora, especially in the Kenslow and Bees Nest Members. In 
many samples, the palynoflora is dominated by non-pollen paly-
nomorphs (NPPs). NPPs in the stratigraphic succession from the 
top of the Bees Nest Member through the Kenslow Member as 
exposed in the Bees Nest Pit record variations in immediate dep-
ositional environment (sphagnum-bearing bogs with common 
amoebae Arcella sp., Assulina muscorum, Assulina seminulum, and 
Difflugia pulex vs. open-water settings with the rotifer Keratella 
quadrata, and fungus Tetraploa aristata), as well as changes in the 
surrounding ecosystems. Fungi encountered in this study are iden-

tified using modern morphological methods, allowing the major-
ity to be assigned to extant taxa. Some, such as Pesavis sp., do not 
yet have modern analogues and are referred to by their existing 
type-names. Fungi typically referred to as coprophilous fungi (Spo-
rormiella sp.) occur most frequently in clays scraped out of deep 
cracks in fossilized wood samples, as do many known wood sap-
rophytes, including newly-described taxa and Zopfiella neogenica. 
This association may help explain the ecology of ambiguous fungi, 
such as Pesavis tagluensis, here reported for the first time from the 
Neogene of Britain. In this study, Pesavis only occurs in association 
with known wood saprophytes in samples that contain abundant 
gymnospermous pollen.  
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USING NON POLLEN PALYNOMORPHS TO EXPLORE FIRE AND VEGETATION DYNAMICS 
AND THE IMPACT OF MESOLITHIC TRIBES IN THE PEAK DISTRICT, U.K.

Karen Halsall, Fabienne Marret-Davies 

University of Liverpool, Liverpool, United Kingdom 

Fire has a long history of interaction with vegetation dynamics, 
climatic conditions and people involving feedback mechanisms 
and the creation of complex layers of environmental conditions 
that are difficult to unravel. Although broad Holocene landscape 
changes and general climatic conditions are generally known for 
the U.K., there is still a need for detailed, high resolution long term 
studies that provide insights into the local changing environmen-
tal conditions of fire prone habitats. This is vital information for 
the parametrisation of vegetation dynamic model, such as LPJ-
GUESS, tasked with forecasting scenarios under changing climatic 
conditions and increasing our understanding of these complex 
relationships.

  Here, a multi-proxy approach using charcoal fragments, pollen 
and Non Pollen Palynomorphs (NPPs) has been applied to a 500 
m asl site in the Peak District, U.K. A number of NPPs previously 
linked with local hydrological conditions such as changes in the 
water table and the presence of dry hummocks or wet hollows 
have been recorded here. This is only the second known recorded 
occurrence in North West Europe of the hyper parasite of Calluna 
vulgaris, Isthmospora spinosa. Its presence, along with Melioi Ellisii 

spores and Cladocera mandible remains have been found to occur 
within 2 of the fire zone phases (6200 to 4400 years BP) indicated 
in results from CharAnalysis. These NPPs are thought to indicate 
local wet conditions. During this time the mean fire return inter-
val increases from 115 yrs to 144 yrs; macro charcoal fragments, 
indicative of local fire events, significantly reduce (3700 yrs BP).

Using the proxy, coprophilous fungi, for the presence of dung, a 
peak in grazing by herbivores can be seen 6600 yrs BP where there 
is a clear correlation with a high level of fire events and a high per-
centage of Poacea pollen. This could indicate the presence of hunt-
er-gatherer Mesolithic tribes, thought to have increased the open-
ness of upland landscape and encouraged the initiation of blanket 
peat. Evidence for the presence of these early people is difficult to 
find and establish. This study aims to encourage the use of NPPs to 
increase their use in identifying often overlooked small changes 
in environmental conditions that show their long term impact on 
ecosystems and the part they play in complex environmental rela-
tionships as well as highlighting the implications for the future of 
fire prone landscapes.
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NPP AND POLLEN IDENTIFICATION AS PART OF A STUDY ON THE RELATIONSHIPS 
BETWEEN LAND USE AND CLIMATE CHANGES DURING THE BRONZE- AND IRON AGE 

AT SPOONERS AND GREAT BUSCOMBE, EXMOOR, UK

Havananda Ombashi 

University of Plymouth, Plymouth, United Kingdom 

High resolution NPP (non-pollen palynomorph) and pollen iden-
tifications from peat samples from two sites on Exmoor, Spooners 
and Great Buscombe, have been carried out in order to under-
stand the relationship between past vegetation changes, land use 
changes and climate changes on Exmoor. The data ranges between 
3800 and 2200 BP, based on radiocarbon dates. This time period is 
known for significant changes in the landscape of Exmoor, but the 
relative roles of human land use and climate are yet to be better 
understood.

During previously funded research in 2015 carried out by Prof. R. 
Fyfe and dr. K. Head at The University of Plymouth, both arable 
cultivation and burning had been identified at Great Buscombe. 
These phases are now being compared with the newly analysed 
fungal spore data during this project, and placed alongside the 
known field archaeology in areas surrounding Spooners and Great 
Buscombe. Newly retrieved pollen and NPP data from Spooners 
carried out for this project have indicated the presence of several 

phases of burning and grazing in the area and are compared to the 
evidence found at Great Buscombe.

Thus far, the combination of pollen and NPP data have shown 
to often agree on identifying changes in vegetation patterns and 
providing evidence of different types of land use. The presentation 
will focus on the comparison of NPP data to pollen and charcoal 
data from both Spooners and Great Buscombe and on how this 
can be interpreted as the relative importance of the identified 
types of land use.

Humification analysis was carried out on samples from a third site 
on Exmoor, The Chains, in order to gain an indirect climate proxy 
for the area. The humification data is used to further understand 
the relative roles between human land use changes and/or climate 
changes that were identified in the vegetation patterns at Spoon-
ers and Great Buscombe.
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THE ROLE OF CLIMATE, FOREST FIRES AND HUMAN POPULATION SIZE IN HOLOCENE 
VEGETATION DYNAMICS IN FENNOSCANDIA

Niina Kuosmanen1,2, Laurent Marquer3,4, Miikka Tallavaara2, Chiara Molinari3, Yurui Zhang2,5, Teija Alenius6, Kevan 
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Linnaeus University, Kalmar, Sweden 

Better understanding of the complex interactions between natural- 
and human-induced changes in the past regional vegetation dy-
namics can provide means to predict the influence of changing en-
vironmental conditions on ecosystems that are heavily influenced 
by human activity. We investigated the changing role of climate, 
regional fires and human population size in the broad-scale compo-
sitional changes in Holocene vegetation dynamics before and after 
the onset of farming in Sweden (at 6000 cal yr BP) and in Finland 
(at 4000 cal yr BP).

The relative importance of climate, regional fires and human pop-
ulation size on changes in vegetation composition throughout the 
Holocene was statistically assessed by variation partitioning and 
moving window approach. Regional changes in forest composition 
were reconstructed using the REVEALS model on selected fossil pol-
len records from 33 lakes. Regional fire variable was reconstructed 
from sedimentary charcoal records and climate variable was de-
rived from the LOVECLIM -climate model. The estimated trend in 
human population size was based on the temporal distribution of 
archaeological radiocarbon dates.

Our results demonstrate that Mesolithic hunter-gatherer popula-
tions did not significantly affect vegetation dynamics in Fennos-
candia and climate was the main driver of forest dynamics during 
pre-agricultural period. Agricultural communities, however, had 
greater effect on vegetation dynamics and the role of human popu-
lation size became more important factor during the late-Holocene. 
In general, regional fires explained relatively low proportion of the 
changes in vegetation during the whole study period in Sweden (10 
000 – 4000 cal yr BP) and in Finland (10 000 – 1000 cal yr BP). How-
ever, a higher influence of regional fires on vegetation composition 
during the pre-agriculture was detected for both Sweden and Fin-
land. Furthermore, the results demonstrate increased joint effect of 
human population size and fires on variation in forest composition 
after the onset of farming suggesting change from a natural- to more 
human-induced fires affecting vegetation dynamics during the late 
Holocene. The relatively high importance of climate throughout 
the Holocene suggests that – still after the onset of farming – cli-
mate, together with human impact, remained an important driver 
of changes in broad-scale vegetation dynamics. However, in some 
regions the influence of human population size on Holocene vege-
tation change exceeded that of climate.
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ROPES - RECONSTRUCTING PAST PLANT ABUNDANCES WITHOUT POLLEN 
PRODUCTIVITY ESTIMATES

Martin Theuerkauf1, John Couwenberg1, Walter Dörfler2, Ingo Feeser2, Julian Wiethold3 
1University of Greifswald, Greifswald, Germany. 2Christian-Albrechts-University, Kiel, Germany. 3Institut national de recherches 

archéologiques préventives, Metz, France 

Recent methodological developments such as the Landscape re-
construction algorithm now allow widespread quantitative recon-
structions of past plant abundances. Application of the present 
approaches is limited, however, by the need for pollen productiv-
ity estimates (PPEs). Such PPEs have been calibrated with modern 
pollen data in numerous studies mainly in Europe and China, yet 
gaps remain. The ROPES approach aims to produce reconstruction 
without a priory calibrated PPEs.

The approach employs the REVEALS model but extends applica-
tion by using not only pollen counts but also pollen accumulation 
rate data (PAR). PARs in theory provide for each taxon an indepen-
dent record of past abundances. However, direct interpretation 
is far from simple because PARs may differ substantially between 
neighbouring sites, e.g. due to sediment focusing in lakes. Still, 
in large lakes, changes in PAR data are expected to represent true 
changes in mean regional abundances of plant taxa. For example, 
a doubling in PARs of Pinus at some point in time is expected to 

represent a doubling in the mean regional cover of that tree.

ROPES uses this relationship; it searches for a reconstruction that 
shows the changes indicated in PAR values, such as the doubling 
in abundance of Pinus. To that end the approach initially applies 
REVEALS with random PPEs. The PPEs are then adjusted using an 
optimization algorithm until the reconstructed cover of each tax-
on indeed shows similar changes as the respective PAR values, e.g. 
the doubling of Pinus. If successful, the approach hence arrives at 
the mean regional abundance of all taxa through time and addi-
tionally produces PPEs. Successful application of ROPES requires 
high resolution pollen data with excellent time control for little 
error in the PAR values. Furthermore, because the approach relies 
on changes in the PAR values and not on the actual values, it re-
quires records with sufficient variation.

The approach will be illustrated with pollen records from three an-
nually laminated lakes in NE-Germany.
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HERBACEOUS PLANTS AND THEIR POLLEN SIGNAL; WHICH RARE POLLEN TYPES CAN 
WE INTERPRET AND OVER WHAT SOURCE AREAS?

Helen Shaw 

Maynooth University, Maynooth, Ireland 

Pollen analysts have often struggled to interpret the rare type her-
baceous pollen signal. Often we ignore many of the rare taxa in our 
pollen diagrams, taking a necessarily broad-brush approach to re-
constructions of key taxa. However, at the ecological scale, for use 
in site management for nature conservation, and for interpreta-
tion of local environment around archaeological sites, it would be 
helpful to derive detailed information on plant community struc-
ture and change. Subtle differences in community structure such 
as those described in the vegetation classification systems may be 
beyond the scope of palaeoecological interpretation; but, how far 
can we go? Early analysts such as Behre (1981) encouraged the de-
velopment of botanical skills in interpretations of anthropogenic 
indicators; and indices of association on binary data (Davis 1984) 
have been used since by several analysts. However, a more focussed 

quantitative approach to the individual rare-type taxa has been 
limited. This paper will present the results of a detailed analysis of 
modern pollen and plant surveys, using binary indices and source 
area, to add a new approach, to determine which herbaceous spe-
cies produce an interpretable pollen signal, and over what source 
area.

Behre, K.E., 1981. The interpretation of anthropogenic indicators 
in pollen diagrams. Pollen et spores, 23(2), pp.225-245.

Davis, O.K., 1984. Pollen frequencies reflect vegetation patterns in 
a Great Basin (USA) mountain range.  Review of Palaeobotany and 
Palynology, 40(4), pp.295-315.
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UV-B-INDUCED CONIFER STERILITY: IMPLICATIONS OF OZONE SHIELD FAILURE 
DURING THE END-PERMIAN CRISIS

Jeffrey Benca1,2,3, Ivo Duijnstee1, Cindy Looy1,2,3 
1University of California, Berkeley, Berkeley, USA. 2University of California Museum of Paleontology, Berkeley, USA. 3University 

of California and Jepson Herbaria, Berkeley, USA 

While Siberian Trap volcanism is considered to have been a prima-
ry contributor to the end-Permian crisis, the connection between 
its activity and vegetation turnover is unclear. However, fossilized 
gymnosperm pollen malformations from crisis intervals suggest 
biological stress coinciding with pulsed gymnosperm decline. 
These grains are hypothesized to indicate enhanced ultraviolet-B 
(UV-B) irradiation from Siberian Traps-induced ozone shield de-
terioration. We tested this proposed mechanism by observing 
effects of previously modeled end-Permian UV-B regimes on pol-

len development and reproductive success in the living conifer, 
Pinus mugo. We find pollen malformation frequencies in P. mugo 
increase significantly under high UV-B intensities. Surprisingly, 
though all trees survived, they were sterilized under enhanced UV-
B. These results not only support the hypothesis that heightened 
UV-B stress could have contributed to pollen malformation pro-
duction, but also gymnosperm declines during Permian-Triassic 
crisis intervals. 
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TO WHAT EXTENT DID PLANT EVOLUTIONARY INNOVATIONS IN PLANT TRAITS 
BETWEEN THE PERMIAN AND JURASSIC INFLUENCE THE NATURE AND BEHAVIOUR OF 

ANCIENT FIRES

Sarah Baker, Claire Belcher 

University of Exeter, Exeter, United Kingdom 

The transition from the Early Permian to the Late Jurassic, saw 
marked changes in the evolution and dominance of vegetation 
types. Of particular interest is the diversification in leaf morphol-
ogies of coniferales during this period. During the Permian, scale-
leaved morphotypes such as the voltzian conifers were common. 
Yet, as flora diversified into the Triassic, new families with diverse 
leaf morphologies appeared, including the Podocarpaceae and 
Cuppressaceae in the early Triassic (broader flat leaves) and the 
Pinaceae in the late Triassic (needle-leaf morphologies).

Typically, fuels with high surface area-to-volume ratio are more 
likely to promote fire spread and flammability. Hence, the evolu-
tion and diversification of seed plants and the alteration in conifer 
leaf morphologies may have not only have provided an increas-
ingly extensive fuel source for ancient wildfires across the globe, 
but may have also influenced fire behaviour during this time peri-
od. In order to consider this, we reconstruct global vegetation data 

from published macro-fossils and use the observed innovations in 
plant traits to assess their likely impacts on variations in fire be-
haviour.

We achieve this by undertaking experiments that test the likely 
flammability of these conifer morphotypes using state-of-the-art 
fire testing equipment that enables us to measure the time to ig-
nition, the heat release rate and the effective heat of combustion 
for each fuel morphotype. We then use these data to inform a fire 
behaviour model that allows us to estimate changes in the rate 
of fire spread, flame lengths, fireline intensity and scorch height 
for each major phase in the evolution of conifers. The model ad-
ditionally allows us to consider any relevant variations in climate 
and atmospheric oxygen throughout the Permian through to the 
Jurassic and how these fed into altering the fire behaviour of each 
fuel type.  

O340

TESTING THE APPLICABILITY OF LEAF PHYSIOGNOMIC PROXIES FOR CLIMATE ON 
EQUATORIAL AFRICAN FLORAS

Aly Baumgartner, Michaela Donahoo, Daniel Peppe 

Baylor University, Waco, USA 

The size and shape (physiognomy) of woody dicot angiosperm 
leaves are correlated to climate, and these relationships have been 
used to develop proxies for mean annual temperature (MAT) and 
mean annual precipitation (MAP). In general, MAT is most strong-
ly correlated with the presence of leaf teeth and the circularity of 
leaf shape, and MAP is most strongly correlated to leaf size. Most 
leaf physiognomic proxies for climate have been developed us-

ing modern floras primarily from the temperate Northern Hemi-
sphere, with relatively fewer sites from the tropics and almost no 
sites from Africa. However, relatively limited research of African 
floras indicates that they have a different relationship between 
climate and leaf physiognomy than Northern Hemisphere flor-
as. Therefore, in order to estimate paleoclimate from sites in the 
low-latitudes, and particularly from Africa, it is important that ex-
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isting proxies be tested using modern data from across Africa and 
that leaf physiognomic data from these regions be added to the 
calibration dataset to develop new models applicable to African 
fossil floras. We measured leaf physiognomic characters of woody 
dicot angiosperms from modern sites across tropical Africa with 
known climate data including sites from Cameroon, Côte d’Ivo-
ire, the Democratic Republic of the Congo (DRC), Gabon, Kenya, 
Liberia, Nigeria, the Republic of the Congo, Senegal, Sierra Leone, 
Tanzania, Togo, and Uganda. The sites were chosen in an effort to 
sample a wide range of climatic, geographic, altitudinal, and phy-
logenetic diversity. We then estimated climate parameters for each 
modern site using the univariate physiognomic models Leaf Area 
Analysis (LAA) and Leaf Margin Analysis (LMA) and the multivar-

iate model Digital Leaf Physiognomy (DiLP). In general, the LAA, 
LMA, and DiLP estimates were within uncertainty of the climate 
for tested sites. However, the uncertainty for the LAA and LMA es-
timates was very large, and much larger than those for DiLP. Addi-
tionally, DiLP often overestimated MAT and underestimated MAP, 
and in some cases, MAT was overestimated by as much as 10 °C. 
These results indicate that the existing LMA and LAA physiognom-
ic models should be applied with caution to African floras and that 
the current DiLP calibration dataset is unsuitable for estimating 
paleoclimate from tropical Africa. Therefore, it is important that 
the breadth of geographic, climatic, altitudinal, and phylogenetic 
diversity be added to these physiognomic models in order to accu-
rately estimate paleoclimate for tropical African floras.
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PROXIMAL EJECTA BLANKETS OF SMALL IMPACT CRATERS AS TIME CAPSULES 
PRESERVING A TIMELAPSE OF PALEOENVIRONMENT

Anna Losiak, Claire Belcher 

wildFIRE Lab Lab, University of Exeter, Exeter, United Kingdom 

Impact craters are formed when an asteroid strikes the surface with 
the velocity higher than ~1km/s. The kinetic energy of impactor 
is released as an explosion, and target material is displaced from 
the point of impact. When large craters are formed the amount 
of energy is so large that it instantaneously destroys practically all 
remains of living organisms. However, recent field work showed 
that in case of smaller (~30-100 m in diameter) impact craters 
(Kaali Main and 2/8 craters, Ilumetsa Large and Small and Morasko 
strewn field) plant material enclosed within proximal ejecta may 
survive crater formation process and be preserved as charcoal for at 
least thousands of years.

Even though the average temperature of the ejecta blanket is be-
lieved to be up to a few of degrees above the temperature of the 
surrounding rocks, laboratory hypervelocity experiments show 
that there may be a small amount (<0.1%) of particles heated 
above ~1000°C. This indicates that locally, temperatures could be 
raised in impact ejecta for a short amount of time (<hour), enough 
to produce charcoal. 

We have performed a set of experiments that reproduce the pro-

cess of formation of charcoals within proximal ejecta blankets of 
small impacts. Charring experiments were done using the iCone 
Calorimeter that can recreate the full range of heating possibili-
ties that might results from small impact cratering processes. The 
iCone allows samples to be heated, with or without ignition at a 
range of radiant heat fluxes for given durations; these heat fluxes 
can be static or transient, both of which may be relevant to dif-
ferent impact formation mechanisms. We have buried leaves and 
fragments of different woods in sand and heated using various 
heat fluxes, durations and cooling regimes to assess the potential 
for relatively cool ejecta to cause transformations of organic mate-
rial to char. All the chars created in the experiments were analysed 
via reflectance microscopy and compared with the charcoal found 
in the field.

This not only allows us to better understand the process of forma-
tion of small impact craters especially in terms of their effects on 
the environments in which they were formed, but also to study 
preservation mechanism of organisms killed during such violent 
events.
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SEM INVESTIGATION OF MID-EOCENE POLLEN FROM HAINAN (S CHINA) AND A FEW 
PALAEOGEOGRAPHIC IMPLICATIONS.

Christa-Ch. Hofmann1, Tatyana M. Kodrul2, Jianhua Jin3 
1University of Vienna, Institute for Palaeontology, Vienna, Austria. 2Russian Academy of Science, Moscow, Russian Federation. 

3School of Life Sciences Sun Yat-sen University, Guangzhou, China 

Mid-Eocene samples from Hainan (S China) have been palynolog-
ically analysed using LM and SEM. The palynoflora is dominated 
by 80% Fagaceae pollen (Quercoideae) and other angiosperm pol-
len. We describe the first fossil occurrence of mid-Eocene Sarcan-
dra-type pollen (Sarcandra/Chloranthus lineage). A Laurelia-type 
(Atherospermataceae) is further evidence for the wide geograph-
ical range of the family. The Fagus-type resembles Paleogene Fagus 
pollen from Greenland and Canada and from extant F. subgenus 
Engleriana, suggesting an amphipacific distribution of F. subgenus 
Engleriana lineage during the Eocene. The Juglans-type found re-

sembles Juglans from section Cardiocaryon; this occurs contempo-
raneously with fossil diaspores of J. section Rhysocaryon in the USA, 
pushing the divergence-time of Juglans back in time. The presence 
of a Cornus-type from the “blue-or-white-fruited clade”, as are sev-
eral Cornus diaspore fossils from Europe, suggests a Eurasian origin 
of this clade and its contemporaneous occurrence with “cornelian 
cherry clade” fossils (USA) demonstrates that divergence time 
within Cornus was earlier than estimated. The Hainan Nyssa-type 
resembles extant N. sinensis and Eocene Nyssa pollen from Europe, 
but not American Nyssa, suggesting an Eocene Eurasian Nyssa sin-
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ensis lineage. The three Symplocos types are closely related to the 
early diverging Symplocos subgenus Palura and, together with Up-
per Eocene subgenus Palura pollen from Germany, demonstrate a 
Eurasian origin. Further, pollen from Trachycarpeae (Arecaceae) 
that, together with co-occurring Flueggea-type (Phyllanthaceae), 
are known from Europe during the Lower Eocene, pointing to-
wards a Eurasian origin of the two taxa. In contrast, a Phyllanthus 
subgen. Eriococcus-type is described for the first time and, so far, 
seems to be only Chinese in occurrence. The same is true for the 
oldest Lagerstroemia-type, which resembles the Miocene Lagerstro-
emia cathayensis from China. Two Dipterocarpaceae pollen types 
(Dipterocarpus- and Dryobalanops-type) are here described for the 

first time from Eocene strata. Of three Malvaceae pollen present, 
one is a Craigia-type; two Mortoniodendron-types witness an un-
known palaeo-geographical history: Central American Mortonio-
dendron was present during Lower and mid-Eocene in Europe and 
during the Miocene in Central America, indicating a now wider 
distribution of this genus. The two Iodes types, one African/Mada-
gascan taxon and one Melanesian taxon, imply that the Old World 
disjunction of Iodes in Africa/Madagascar and SE Asia is a Paleogene 
relict; members of this genus were previously more widespread. A 
third Icacinaceae resembles species of the S American Mappia and 
SE Asian Nothapodytes, both from the Mappia/Nothapodytes clade 
that was widespread in the boreotropical realm during the Eocene.
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SEM INVESTIGATION OF THE LATE OLIGOCENE CHILGA PALYNOFLORA, ETHIOPIA, 
EAST AFRICA

Reinhard Zetter1, Friðgeir Grímsson1, Bonnie F. Jacobs2 
1University of Vienna, Department of Paleontology, Vienna, Austria. 2Southern Methodist University, Roy M. Huffington 

Department of Earth Sciences, Dallas, USA 

The late Oligocene (28-27 Ma) Chilga locality in the highlands 
of north-western Ethiopia is well known for its plant and animal 
fossils. The sediments have yielded numerous large mammal re-
mains and well preserved plant macrofossils with delicate cuticles 
allowing precise affiliation to modern taxa. The palynological 
spectrum has also been the subject of three previous studies using 
conventional light microscopy (LM) to reconstruct the paleovege-
tation. Here we present preliminary results of our combined LM/
SEM investigation, using the single-grain method, of the Chilga 
palynoflora, and compare our results with previous accounts on 
both the macro- and palynoflora. It is interesting that despite 
the many documented palm (Arecaceae) macrofossils none of 
the previous palynological studies have reported any such pollen 
grains. Until now the palm macrofossil record of Chilga includes 
among others Eremospatha and Hyphaene, with both extant gen-
era producing distinctive sulcate pollen grains that would be 
easily affiliated to Arecaceae if found in fossil state. We also have 

not encountered any such pollen so far, but we do find two other 
unique palm pollen types affiliated to Sclerosperma. At present this 
genus composes three species restricted to equatorial rainforests 
of West Africa, where the plants are usually occurring in lowland 
swampy areas. One of the most frequently occurring sulcate pol-
len type, assigned in a previous LM study to Commelinaceae, is 
from Heteranthera (mud plantains), a special aquatic plant of the 
water hyacinth family Pontederiaceae. Heteranthera is a small ge-
nus composing c. 7 species at present, most of them occurring in 
South America, but a single extant species is also found in Africa. 
The African species occurs throughout tropical Africa and into the 
Transvaal and southwestern Africa, where it grows in freshwater 
swamps and pools. The sample is further characterized by various 
fern spores representing a range of families and a rich dicot angio-
sperm pollen spectrum dominated by Sapotaceae. Other groups 
include Anacardiaceae, Apocynaceae, Asteraceae, Euphorbiaceae, 
Fabaceae, Nyctaginaceae, Rubiaceae and Sapindaceae.  
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PALDAT – A USEFUL TOOL FOR IDENTIFYING RECENT AND FOSSIL POLLEN

Martina Weber, Silvia Ulrich 

Department of Botany and Biodiversity Research, University of Vienna, Vienna, Austria 

Pollen grains are highly valuable for various branches of science 
(e.g., palaeobotany, forensic palynology, melissopalynology, aero-
palynology). For scientists, a fast and efficient access to pollen 
data is essential. PalDat (www.paldat.org) is the world’s most com-
prehensive pollen database. It provides a large amount of pollen 
data on a variety of plant families, and currently contains more 
than 24,000 pictures from more than 2,800 plant species. PalDat 
was founded in 1997 and is online since 2000.  PalDat 3.0 is the 
second revision of the database in 2015 with a new web interface 
and new tools for pollen identification as well as global, free on-
line submission and publication with review and editorial process. 
From the beginning, PalDat aspired to cover a wide spectrum of 
users, by providing pollen data including different techniques 
and preparation methods. Each taxon entry (online publication) 
ideally includes the plant taxonomy, a detailed pollen description 
(e.g., shape, size, aperture, ornamentation, structure, cell number, 

Ubisch bodies), light- and electron-microscopy images of the pol-
len grain, images of the plant/flower, and information on relevant 
literature.

PalDat is an identification tool for recent and fossil pol-
len.  Two search tools can be used in PalDat, an alphabetical 
(plant genera) and a combined search. The “Combined Search” is a 
tool for directed search, based on selected pollen characters in any 
combination. The search results are displayed in a taxonomic tree 
(currently based on APG III, but upgraded to APG IV soon). Within 
the taxonomic tree, the user can select an order, a family, genus or 
species. Moreover, species can be sorted, selected and compared.

Furthermore, PalDat is a tool for global online submission 
and publication with review and editorial process. The data-
base is freely accessible. Following a free registration it is open for 
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contributions from all those willing to publish their pollen data 
online. Registered authors may also contribute as co-authors to ex-
isting publications. All changes are reviewed to guarantee the high 
standard of PalDat and are recorded in the database history. Each 
contribution is citable and accessible for all users. Registered users 
can download publications in pdf form.

PalDat 3.0 is designed in a modular way so that extensions to new 
APG systems and other fields of science may be implemented in 
an easy and agile process. Future plans include, among other fea-
tures, a database for fossil pollen and spore data (FosPal), with an 
interface to PalDat.
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THE LATE CAMPANIAN JOSE CREEK FLORA FROM NEW MEXICO, A UNIQUE WINDOW 
INTO THE ECOLOGY OF CRETACEOUS FORESTS DURING THE RISE OF ANGIOSPERMS

Dori Contreras1,2, Garland Upchurch3, Cindy Looy1,2,4 
1University of California Berkeley, Berkeley, USA. 2UC Museum of Paleontology, Berkeley, USA. 3Texas State University San 

Marcos, San Marcos, USA. 4University and Jepson Herbaria, Berkeley, USA 

The diversification of angiosperms and their ecological radiation 
had profound effects on forest structure and composition. Late 
Cretaceous floras spanning the North American Western Interior 
(WI) document important patterns, notably that increases in tax-
onomic diversity of angiosperms appear to have outpaced increas-
es in their ecological diversity and abundance across landscapes. 
Here we report on an exceptional late Campanian macroflora (74.7 
+/-1 myr) from the southern WI that is preserved in a single-hori-
zon of recrystallized volcanic ash exposed over a 1.2 km long tran-
sect. The flora is from the Jose Creek Member, McRae Formation 
of south-central New Mexico, which was deposited on an alluvial 
plain >200km inland from the Western Interior Seaway. The fossil 
bed overlies a paleosol indicative of well-drained conditions and 
contains abundant, well-preserved plant macrofossils showing lit-
tle to no evidence for transport, including in-situ tree stumps. To 
reconstruct landscape patterns, we established 26 quarries along 
the full length of the exposure, and censused fossils at each quarry 
to determine relative abundance and percent cover of leaf mor-
photypes. To date over 150 leaf morphotypes have been recognized 
(>89% angiosperms) from the census of over 6,350 specimens and 
30,860 2-cm line increments of rock surface. Rarefaction suggests 
that increased sampling will recover new non-monocot angio-

sperms, but that diversity of other groups will not likely increase 
appreciably. Angiosperms are the most abundant plant group 
within and across all quarries (74% of specimens, 84% cover), fol-
lowed by conifers, cycads, and ferns. The community shows strong 
dominance structure. The most abundant five taxa by all metrics 
are a sequoioid conifer, Zingerberopsis-type monocot, Sabalites 
palm, Dryophyllum eudicot (Fagales), and a Brachyphyllum coni-
fer. Diverse non-monocot angiosperms are mostly represented by 
locally abundant to rare taxa (totaling 47% of specimens, and 38% 
cover). The spatial turnover of non-monocot angiosperms drives 
significant taxonomic heterogeneity between quarries, a pattern 
recognized in modern tropical forests. The overall picture that 
emerges is one of a diverse, spatially heterogeneous, non-analog 
flora consisting of redwoods, gingers, palms, diverse non-mono-
cot angiosperms, and low-abundance ferns and cycads that grew 
under moist to wet megathermal conditions. This flora is among 
the earliest leaf macrofloras from the WI to demonstrate ecological 
dominance (by abundance) of angiosperms across the landscape. 
Its location relative to similarly aged sites suggest that this transi-
tion may have occurred earlier at lower latitudes, and/or that dom-
inance patterns of inland vegetation differed from that of coastal 
vegetation and swamps. 
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TRENDS AND REGIONAL DIVERSIFICATION OF LATE CRETACEOUS VEGETATION AS 
EVIDENCED BY CENTRAL EUROPEAN MEGAFLORAS

Adam T. Halamski1, Jiri Kvacek2 
1Institute of Paleobiology, Polish Academy of Sciences, Warszawa, Poland. 2National Museum, Praha, Czech Republic 

Up to about 2010 Upper Cretaceous (post-Cenomanian) mega-
floras of Central Europe were considered as unpromising because 
they consist mostly of leaf imprints without either cuticles or fine 
details. However, successive revisions of Coniacian to Maastrich-
tian assemblages from Poland, western Ukraine, Czechia, and 
southern Sweden have shown their utility for vegetation recon-
struction, palaeoclimate studies, and even taxonomic questions. 
In particular, each newly revised palaeoflora brings an “added val-
ue” to the regional picture of vegetation, allowing to more fully 
appreciate temporal (diachronic) trends and regional (synchronic) 
diversification.

Coniacian assemblages are known from southwestern Poland (Id-
zików beds, Nysa Graben and Czerna Fm., North Sudetic Basin) 
and northern Bohemia (Chlomek beds and Březno beds, Bohe-
mian Cretaceous Basin). The palaeofloras of Idzików beds (33 spe-

cies), Chlomek beds (20 species), and Březno beds (15 species) are 
relatively similar and interpreted as representing salt marsh, coast-
al wetland, riparian forest, and mesophytic forest communities. 
The assemblage from the North Sudetic Basin (main localities: 
Rakowice Małe and Bolesławiec) is broadly similar (ca. 15 species; 
study in progress), but a few characteristic morphotypes, like Me-
nispermites, are unknown in the above-mentioned palaeofloras.

Campanian assemblages were described from southern Poland 
and western Ukraine (Krasnobród and Potelych; 25 species), 
southern Sweden (Köpinge; 10 species), and western Germany 
(Haldem, unrevised). Their general character is broadly similar 
(Dewalquea-conifer coastal forests), yet regional diversification can 
be traced through the number of Dewalquea species present (Sca-
nia – 1; Haldem – 2; eastern Poland – 3) and presence or absence 
of Rarytkinia. These three assemblages stand in sharp contrast to 
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the flora from Grünbach (Austria; 53 species) characterised by 
presence of several angiosperms with large leaves (Theiaiphyllum, 
Juglandiphyllites) and palms; this may be due to difference in age 
(early vs. late Coniacian), palaeogeography (more southern loca-
tion), or palaeoecology (coastal vs. swamp setting).

Platanoids are an important constituent of most of the studied as-
semblages independently of their age. On the contrary, there is no 

post-Coniacian record of Frenelopsis (regional extinction), whereas 
the “Debeya group s.s.” is common solely in younger (Campanian 
and Maastrichtian assemblages).

The study of the Cretaceous vegetation and flora of the North Su-
detic Basin was financed through the grant 2016/21/B/NZ8/02443 
of the National Science Centre (Poland) to ATH.
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ORIGINATION OF NUPHAR AND NYMPHAEACEAE CLADE BASED ON LEAF 
ARCHITECTURAL CHARACTERS OF A MIDDLE EOCENE WATER LILY FROM MESSEL NEAR 

FRANKFURT, GERMANY

Carole T. Gee1, David Winship Taylor2 
1University of Bonn, Bonn, Germany. 2Indiana University Southeast, New Albany, Indiana, USA 

While the leaf architecture of the living Nymphaeales is well un-
derstood, the leaf morphology and venation for fossil water lilies 
is poorly known, for there are no leaf fossils for several clades in 
the order, such as for Nuphar and Barclaya. Fossil evidence for Nu-
phar is particularly important, because the yellow pond water lily 
is thought to be basally placed in the family Nymphaeaceae. Up to 
now, although Nuphar fruits, seeds, rhizomes have been reported 
from the Eocene, fossil leaves have remained elusive in the Ceno-
zoic record. Here we describe the first fossil Nuphar-like leaves from 
the middle Eocene lake of Messel near Frankfurt, Germany. The 
vegetative and leaf architectural characters of the leaf morphotype 
were coded and analyzed phylogenetically using PAUP and an 
existing data matrix with leaf characters of living Nymphaeales. 
The Nuphar-like characters of the leaf morphotype are its elongate 

leaf shape, peltate petiole attachment, actinodromous basal vena-
tion, pinnate venation along the rest of the midvein, and weakly 
brochidodromous to cladodromous secondary venation. Phyloge-
netic results show that the Messel water lily is sister to all Nym-
phaeales, sister to the Nuphar clade, or sister to all Nymphaeaceae 
excluding Nuphar. In any case, the Messel water lily was clearly a 
member of the order Nymphaeales and the family Nymphaeace-
ae, and also illustrates the character transition at the base of the 
family. Thus, this leaf morphotype provides supporting evidence 
for the emergence of the Nuphar clade at least 47 million years ago, 
as well as for vegetative and leaf architecture characters found in 
the basal members of the Nymphaeales. This middle Eocene leaf 
appears to be oldest Nuphar-like leaf known in the fossil record.
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MUCH MORE THAN “LIVING FOSSILS”: A NEW PHYLOGENETIC HYPOTHESIS OF THE 
CYCADALES.

Mario Coiro1, Maria Rosaria Barone Lumaga2, Boglarka Erdei3, James E. Mickle4, H. Peter Linder1 
1Department of Systematic and Evolutionary Botany, University of Zurich, Zurich, Switzerland. 2Department of Biology, 

University of Naples “Federico II”, Naples, Italy. 3Hungarian Natural History Museum, Budapest, Hungary. 4Department of 
Plant and Microbial Biology, North Carolina State University, Raleigh, USA 

The Cycadales are commonly perceived as quintessential “living 
fossils”, with the peak of their evolutionary history traditionally 
placed in the Jurassic. Even if this view is due at least partially to 
the confusion between cycadophytic foliage produced by the Ben-
netittales and truly cycadalean leaves, the view of the Cycadales 
as a Mesozoic group has persisted in the scientific and popular lit-
erature. However, the results of recent molecular dating seem to 
indicate that most of the extant species diversity originated during 
the Late Miocene and the Pliocene.

The resolution of this conundrum is hindered by our insufficient 
understanding of the relationship between fossil and extant diver-
sity in the cycads. Some fossils have been compared to extant spe-
cies without a formal phylogenetic assessment, generating a host 
of potentially misleading relationship hypotheses. Most phylo-
genetic analyses of the cycads including fossil taxa have included 
non-overlapping sets of stem and leaf genera, and obtained rela-
tionships between the extant taxa that conflict with results from 
molecular phylogenies.

We use recent advances in the integration of fossils and molecu-
lar phylogeny to generate a new phylogenetic framework for the 
Cycadales. We generated a matrix of 31 macromorphological and 
cuticular characters for 57 cycadalean fossil leaf species and com-
bined this dataset with a molecular and morphological dataset for 
237 extant cycad species. We then analysed the data using the fos-
silized birth-death prior, which integrates information about the 
ages of the taxa, the order of branching and the rate of the molec-
ular and morphological clocks. The resulting tree shows that most 
of the cycad fossil diversity falls outside the two crown groups 
(Zamiaceae and Cycadaceae). The monophyly of most fossil gen-
era is rejected. A clade that includes most leaves with anastomos-
ing venation, spanning from the Triassic to the Miocene, receives 
moderate support. The Zamiacae appear to originate in the Late 
Jurassic, with a host of Early Cretaceous fossils potentially repre-
senting an early radiation of the group. The stem of the extant 
genera appears to originate between the late Cretaceous and the 
early Palaeogene, with both fossils with recognizable morpholo-
gies and non-analogous character combinations.



Page 193

In conclusion,  our analysis shows both radiations, like the Early 
Cretaceous radiation of crown group Zamiaceae, and major extinc-
tions that involved most of the Mesozoic lineages, some of which 

disappear completely during the Miocene. The cycads appear as a 
dynamic group, with a different and more complex evolutionary 
history than expected from the living fossil hypothesis. 
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P001

CHITINOZOAN BIOSTRATIGRAPHY IN THE ORDOVICIAN OF SAUDI ARABIA

Cesari Christian1, Anthony Butcher2, Marco Vecoli1, Kaya Ertug1, Ahmed Al-Shawareb1, Said Al-Hajri1, Pierre 
Breuer1 

1Exploration Technical Services Department, Saudi Aramco, Dhahran, Saudi Arabia. 2School of Earth & Environmental 
Sciences, University of Portsmouth, Portsmouth, United Kingdom 

Chitinozoans are a major component of the palynological assem-
blages recovered from the Ordovician marine sediments of Saudi 
Arabia, making them a powerful tool for biostratigraphic study 
in this region. The current Saudi Aramco operational zonation 
scheme comprises eight palynozones in the Ordovician. In addi-
tion, the First Downhole Occurrences (FDOs) of fifteen chitino-
zoan species are routinely used as correlative events on a regional 
scale over Ordovician section, allowing reliable and accurate cor-
relations of stratigraphic horizons as well as identification of se-
quence boundaries and possible flooding surfaces.

The Sajir Member of the Saq Formation contains the oldest Ordo-
vician sedimentary rocks of Saudi Arabia, it was mainly deposited 
in proximal marine settings resulting in impoverished chitinozo-
an assemblages. The upper part of the Sajir Member is character-
ized by rare Desmochitina bulla and Belonechitina henryi occurrenc-
es indicating a Darriwillian age. The Saq Formation is overlain by 
the Qasim Formation deposits of Middle to Late Ordovician age. 
The Qasim Formation is composed of four units, the Hanadir, Kah-
fah, Ra’an and Quwarah members, listed in ascending stratigraph-
ic order. The shales of the Hanadir Member yield moderately to 
highly diverse and often abundant chitinozoan faunas. Linochitina 

pissotensis, Laufeldochitina clavata and Siphonochitina formosa have 
their First Downhole Occurrences (FDOs) in these deposits indi-
cating a Darriwilian age. Chitinozoans from the Kahfah Member, 
which is more silt- and sand-prone, are usually rare and poorly 
diverse; Sphaerochitina compactillis is one of the few key species 
used to identify this unit and is believed to range from the Sand-
bian to the lower Katian (Upper Ordovician). The Ra’an Member 
is considered to be a potential source rock in some areas, its up-
per boundary is characterized by the FDO of Tanuchitina fistulosa 
indicating a mid-Katian age. The Quwarah Member displays the 
greatest chitinozoan diversity in the Ordovician record of Saudi 
Arabia, it contains the FDOs of species such as Armoricochitina ni-
gerica, Tanuchitina contracta, Calpichitina bernardae and Alhajrichiti-
na adamantea among others, indicating a late Katian age. The Sar-
ah Formation is the youngest stratigraphic unit of the Ordovician 
in Saudi Arabia, it has been extensively studied in recent years due 
to its hydrocarbon reservoir potential. The deposition of the Sar-
ah Formation was largely controlled by subglacial erosion linked 
to advances and retreats of the icecap during the Hirnantian, as 
a result most of the chitinozoans recovered from it are reworked 
from older strata and in-situ specimens are usually very scarce (e.g.,  
Calpichitina lenticularis, Spinachitina spp.) or absent.

P002

UPPER FAMENNIAN DASBERG EVENT DUE TO PALYNOLOGICAL INVESTIGATION 
(KOWALA, HOLY CROSS MOUNTAINS, POLAND).

Marcelina Kondas 

Faculty of Earth Sciences, University of Silesia, Sosnowiec, Poland 

The investigated section is located in active Kowala Quarry in the 
southern limb of the Gałęzice-Kowala syncline (Holy Cross Moun-
tains, Poland). The Kowala Quarry is place known for its well-pre-
served record of the Late Devonian extinction events. The analyzed 
section comprises two horizons of the black shales, related to the 
global Dasberg event.

The Dasberg event section from Kowala has been already the object 
of the palynological investigation (Marynowski, Filipiak et al., 2010). 
The results of the previous researches were very prospective, so the 
palynological investigation has been done once again, but with 
higher resolution. Samples were taken directly from the outcrop and 
for all 23 samples a palynological investigation was carried out.

Based on the miospore assemblage the age of the investigated sam-
ples was established as VF (Diducites versabilis–Grandispora famenen-
sis) and LF (Retispora lepidophyta–Grandispora facilis) of the Middle/
Upper Famennian.

  A palynofacies analysis was done as well. The ratio of acritarchs 
and prasinophytes (as a marine component) and miospores 
together with phytoclasts (as a terrestrial component) were used 
to characterize palynological organic matter. All samples taken 
from the black shales horizons contained large amounts of well-
preserved palynomorphs, mostly represented by phytoclasts and 
prasinophytes (mainly Leiosphaeridia). Miospores were less numer-

ous, and the whole assemblage of them was dominated by few taxa 
(Auroraspora sp., Diducites sp., Grandispora sp., Knoxisporites sp.). 
Acritarchs occurred only as a single specimens. In general, there 
were small changes in the palynofacies composition in both ana-
lyzed black shales horizons. Upper black shale horizon contained 
more miospores and less prasinophytes than lower one. The tetrads 
of miospores were found in upper horizon as well.

The presence of prasinophytes and very limited number of acritarchs 
might indicate low-oxygen conditions (Tyson, 1995). All samples 
contained high amounts of amorphous organic matter, which sup-
ports the previous conclusion. Taking into account the proportions 
of various components, the depositional environment may be deter-
mined as sub-oxic-anoxic shelf (Batten, 1996).

Batten, D.J. 1996. Palynofacies and palaeoenvironmental interpreta-
tion. In: Jansonius, J., McGregor, D.C. (Eds.), Palynology: Principles 
and Applications. Am. Assoc. Stratigr. Palynol. Found. 3, 1011–1064.

Marynowski, L., Filipiak, P., Zatoń, M. 2010. Geochemical and pal-
ynological study of the Upper Famennian Dasberg event horizon 
from the Holy Cross Mountains. Geological Magazine 147 (4): 527-
550.

Tyson, R.V. 1995. Sedimentary Organic Matter. Organic Facies and 
Palynofacies. Chapman and Hall, London, pp. 615.
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P003

FOSSIL PRASINOPHYTES IN FLUID INCLUSIONS OF HALITE FROM THE LOWER PERMIAN 
EVAPORITE DEPOSITS (UPPER PECHORA BASIN, RUSSIA)

Anatoliy Galamay1, Svetlana Shanina2, Natalya Ilyina2 
1Institute of Geology and Geochemistry of Combustible Minerals, Lviv, Ukraine. 2Institute of Geology of the Komi Science 

Center, Syktyvkar, Russian Federation 

Finds of microfossil, known in the literature as Tasmanites, are 
developed in a variety of oil bearing deposits around the world. 
These green algae are usually presented in the form of disc-shaped 
cysts, since their initial spherical shape was changed as a result of 
fossilization (Efremova, 1990).

In fluid inclusions of halite from the Upper Pechora basin, the pres-
ence of various palynomorphs was detected. Among them, cysts of 
fossil green algae (Prasinophyta) were found. Cysts retained their 
initial spherical shape, they were not melted, and their surface was 
not exposed to corrosion by microbes that usually occur during 
fossilization. Therefore, the study of such well-preserved Permian 
prasinophytes may help to recognize morphological features in-
herent in this group of algae. The size of the cysts varies from 20 to 
40 µm. The cysts have a smooth surface of the sphere, sometimes 
with particular hills; often the surface of the sphere is wrinkled. 
They have a specific yellowish or else lemon yellow color, more 
rarely a reddish-brown color. Some forms have a well-marked 
pylome. Probably they can be attributed to the fossil algae of the 
families Tasmanitaceae and Leiosphaeridiaceae (Tappan, 1980; 
Guy-Ohlson, 1996).

The formation of tasmanites cysts found in fluid inclusions in 
halite, associated with the onset of adverse environmental con-
ditions. In the salty Kungurian sea, these algae are usually found 
only on the sites of local freshening, and their findings are con-
fined to terrigenous packs (Guy-Ohlson, 1996). They were brought 
by fresh sea waters in evaporate basin and with increasing salinity 
formed cysts with a thick walls.
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PALYNOLOGICAL EVIDENCE OF EARLY DEVONIAN SHORT-TERM TRANSGRESSIONS 
ON THE SOUTHERN EDGE OF THE OLD RED SANDSTONE CONTINENT (CENTRAL AND 

EASTERN POLAND)

Magdalena Kruszyna 

University of Warsaw, Warsaw, Poland 

On the southern edge of the Old Red Sandstone Continent, in the 
early Devonian, a series of epicontinental sedimentation basins 
have been developed. Deposits filling the basins were recognized 
in cores drilled in central and eastern Poland. The sedimentary se-
quence of the basins starts with open-shelf deposits and ends with  
thick red beds. It reflects the eustatic sea-level drop during early 
Devonian.

The subject of the study presented here is a thick, homogeneous 
alluvial sequence named Zwoleń Fm, which represents the max-
imum of early Devonian regression. Due to its terrestrial nature, 
lack of outcrops and macrofossils the attempts to separate it from 
the under- and overlying formations and to track changes in the 
depositional environment were made mainly on the basis of 
sedimentological data. However the results are not convincing 
enough.

The   palynostratigraphic studies carried out so far indicated that 
palynomorphs are in an excellent state of preservation and shows 
their high taxonomic diversity. The detailed stratigraphic analysis 
showed that the sporomorphs which are characteristic for middle 
Lochkovian Streelispora newportensis-Emphanisporites micrornatus 
(NM) Zone/Si Lineage Zone in the lower part of the alluvial se-
quence and late Lochkovian Breconisporites breconensis-Empha-

nisporites zavallatus   (BZ) Zone/Z Lineage Zone in the top part of 
the underlayed formation in the eastern part of the basin. In the 
northwestern part of the basin the deposition of Zwoleń Fm end-
ed in the late Emsian Emphanisporites foveolatus-Verruciretusispora 
dubia (FD) Zone or early Emsian Emphanisporites annulatus - Bro-
chotriletes bellatulus (AB) Zone, whereas in the northeastern part 
it ceased already in the late Pragian/early Emsian Verrucosisporites 
polygonalis-Dibolisporites wetteldorfensis (PoW) Zone/Su Lineage 
Zone. This means that even between closely located sections 
boundaries are not isochronous, which is typical for terrestrial de-
posits.

Palynological methods allow to trace diachronous boundaries, 
secondary sea level changes during Zwoleń Fm sedimentation and 
to correlate individual sections. Careful palynofacial analysis is a 
key argument supporting the not always sufficient sedimentologi-
cal data indicating the occurrence of short-term sea transgressions 
in the studied area. Some samples contain at least two generations 
of palynomorphs- small diverse assemblages of immature marine 
palynomorphs as Acritarcha, Leiosferida and Chitinozoa mixed 
with highly alterated spores and terrestrial tissues are proof of re-
deposition induced by erosion during rapid transgression.
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CITY SLICKERS VERSUS COUNTRY YOKELS: DIFFERENCES IN THE FORAGING 
BEHAVIOURS BETWEEN URBAN AND RURAL BEES IN NORTHEAST ENGLAND.

Jessica McCoy, Rinke Vinkenoog, Helen Hooper, Matthew Pound 

Northumbria university, Newcastle upon Tyne, United Kingdom 

Urban areas offer opportunities for honeybees where there is often 
an unexpectedly rich diversity in flowers in gardens, allotments, 
“wild” areas and increasingly because of the sowing of wildflower 
meadows or strips by local authorities. Beekeepers have acknowl-
edged this, and the past few years have seen an increase in the 
number of urban and suburban hives in the UK.

With the ongoing process of urbanisation and the continued 
promise of successive governments to build more houses it is time-
ly to raise awareness of the plight of urban biodiversity, including 
honeybees, and the to ensure that urban and suburban areas are 
managed in a bee-friendly manner. This is important for both bee-
keepers and the wider population of urban areas. However, though 
the interests of both groups are similar, they are not necessarily 
identical. City councils, schools and local conservation groups 
will be interested in creating habitats supporting a rich pollinator 
diversity. Councils also have to take into account the aesthetics of 
their planting schemes: which flowers “fit” into the urban land-
scape, and how they are (especially wild flowers) perceived by the 
general public. Beekeepers will want to know whether the right 

pollen and nectar sources for their honeybees are available so that 
their enterprises can be productive.

We present melissopalynological data and pollinator surveys from 
urban & suburban from Newcastle-upon-Tyne, through suburban 
areas and into the more rural Tyne Valley. Melissopalynology has 
been conducted on honey and pellet samples at a fortnightly and 
weekly time interval, respectively. Pollinator surveys were con-
ducted at fortnightly intervals in the vicinity of the studied hives. 
All of this data has been collected with the assistance of trained 
volunteers, (who have been trained in both data collection tech-
niques). Our (student) ‘citizen science’ approach not only pro-
vided a valuable and unique educational experience- the student 
learning experience was extended beyond the classroom and 
across traditional subject disciplines. It has allowed a significant-
ly bigger data set to be generated than might have been possible 
with only the project leads and increased the number of students 
wanting to undertake pollinator or pollen based undergraduate 
research.

P007

PLANT POLLEN IN THE AIR OF SOSNOWIECPLANT POLLEN IN THE AIR OF SOSNOWIEC.

Katarzyna Dąbrowska-Zapart, Kazimiera Chłopek 

University of Silesia, Sosnowiec, Poland 

The aim of the work is analyzing the course of pollen seasons and 
developing a calendar of pollen concentrations in the air of Sos-
nowiec in the period 1997 - 2017. Pollen calendars are an import-
ant source of data on the course of pollination, especially the one 
that has a strong allergenic effect.

The volumetric method using the Burkard apparatus was applied 
for the following tests. The measuring point was located at a height 
of about 20 m above ground level. The calendar was made on the 
basis of average daily concentrations, that have been reported for 
21 years. Pollination was registered from January to October. Taxa 
are summarized in the order in which the pollen appears in the 
air in growing seasons. The calendar presents 23 taxa with allergic 
properties or occurring in the air in high concentrations, includ-
ing: trees, herbaceous plants, cryptogams and fungi.

Taking into account the duration and course of pollen seasons in 
Sosnowiec, we can distinguish short, medium and long seasons. 
Short pollen seasons are characteristic for the majority of tree spe-
cies and for ragweed, while long for pinaceae, grasses, sorrel, nettle 
and plantain, and for fungal spores that are present in the air prac-

tically throughout the year. April and May are months in which 
allergenic pollen concentration is the greatest - these months ac-
count for pollen grains with the largest number of taxa in the air 
plus fungal spores. The most asymmetrical pollen seasons with a 
short pre-peak period were characteristic for birch, pinaceae and 
mugwort, which means that these taxa reach their seasonal max-
ima soon after the start of the season. The fungal spores prevailed 
and accounted for as much as 84%   of the total amount of the ex-
amined sporomorphs, while the pollen grains of trees and herba-
ceous plants accounted for 9 and 7% of this sum respectively. The 
cryptogams were few and their share in the composition of the 
Sosnowiec aeroplankton did not exceed even half a percent.

It is worth noting that several-peak course of curves of some taxa 
is caused by the fact that various species of particular type start 
to bloom, especially herbaceous plants. Tree taxa, on the oth-
er hand, especially early blooming species, with its multi-peak 
course of pollen grain concentration are caused by differences in 
occurrence of pollen and periods of its maximum concentration 
in subsequent years, due to unstable weather conditions during 
this period.
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BOTANICAL ORIGIN OF HONEYS FROM NE POLAND BASED ON POLLEN ANALYSIS

Mirosława Kupryjanowicz, Magdalena Fiłoc, Katarzyna Litewiak, Małgorzata Mach, Anna Mordasewicz, Anna 
Samojluk, Katarzyna Skobodzińska 

Department of Paleobotany, Institute of Biology, University of Białystok, Białystok, Poland 

Melisopalinological studies were carried out on honeys collect-
ed during 2014–2017 in NE Poland. These honeys were obtained 
mainly from beekeepers affiliated in the Regional Association of 
Beekeepers in Białystok. The main focus of investigations was on 
the floristic spectrum of plants and on the identification of the 
most common and important plant sources for honey. The pol-
len content of 201 honey samples was analysed with at least 300 
pollen grains counted in a sample. Each analysed sample was 20 
ml volume. Melissopalynological analysis followed the standard 
acetolysis method (Moore & Webb, 1978). Microscopic slides were 
prepared by performing a smear on a slide. 24 samples have an 
very low content of pollen. In the remaining samples the number 
of pollen grains ranged from 300 to 1939. More than 90 000 pollen 
grains and more than 100 pollen taxa were identified in the exam-
ined honeys, including 78 of entomophilous (nectariferous) taxa. 
All of these plant species are relatively common in NE Poland. The 
results showed that the pollen types of Brassicaceae, Cichorioide-
ae, Salix, Sorbus, Frangula alnus, Centaurea cyanus, and Fagopyrum 
were the most abundant among the samples (more than 50%). The 
pollen of Apiaceae, Fabaceae, Asteraceae, Rosaceae, Poaceae, and 
Filipendula were present in more than 25% of samples. Based on 

the microscopic analysis results, 94 multifloral and  83 monofloral 
honeys were classified by botanical origin to determine their flo-
ral sources. In the unifloral honeys, the predominant pollen types 
were Brassicaceae (38 samples), Fagopyrum (27 samples), Centaurea 
cyanus (5 samples), Tilia (5 samples), Sorbus (4 samples), Phacelia (2 
samples), Rosaceae (1 sample), and Rubiaceae (1 sample); the latter 
4 honey varieties are not covered by Polish Standard. Usually, hon-
ey was considered unifloral when 45% of the relative frequency of 
all counted pollen was identified as belonging to a single taxon. 
However, because of the numerous over- or under-represented 
pollen types, pollen percentages can vary considerably between 
different unifloral honeys. Because the pollen of rape (Brassicace-
ae pollen type) in honey is over-represented, honey samples with 
over 60% Brassicaceae pollen are considered unifloral. In contrast, 
as the pollen of lime is under-represented, even honeys with 20% 
pollen identified within this taxon may be considered unifloral.
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COMPARISON OF POLLEN COMPOSITION IN BEE-COLLECTED POLLEN PELLETS AND 
HONEY FROM HIVES IN TWO DIFFERENT GEOGRAPHICAL LOCATIONS

Tiiu Koff1, Irina Delusina2 
1Tallinn University, Tallinn, Estonia. 2Department of Earth and Planetary Sciences University of California, Davis, Davis, USA 

This study analyzes the composition of pollen in bee-collected 
pellets and in honey from hives in the Central Valley of Califor-
nia and in southern Estonia over a three month period and com-
pares the median pollen assemblages in honey and bee-collected 
pellets from the same hive. The resultsof the study are of broad 
interest to beekeepers who want to know about the source of nec-
tar and pollen collected by bees for honey production.  The pollen 
composition of honey normally correlates one-to-one with the 
amount nectar from which the honey is derived), but it can also 
be over-represented (percentage of pollen grains is higher than the 
amount of nectar from which the honey is derived), or under-rep-
resented (the percentage of pollen grains is lower than the amount 
of nectar from which the honey is derived) in honey samples.

In the case of Estonia (Puusepp and Koff, 2014) honey samples 
showed that pollen grains of some plant species (e.g. Tilia corda-
ta, Epilobium angustifolium, Fagopyrum esculentum and Taraxacum 

spp.), which are described as very good nectariferous plants, are 
probably under-represented in the honey spectra. Therefore, we 
have to evaluate the floral origin of the honey by studying not 
only the honey but also the pollen pellets. Further studies should 
also consider this aspect.

However, this work also addresses a more particular environmen-
tal question and we cannot exclude climatic changes that can in-
fluence the overall process of pollination. We also have to consider 
that the loss of pollinators has grown and the richness of bee spe-
cies and insect-pollinated plants has decreased. These factors may 
also have an effect on the pollen content of honey.

Puusepp, L., Koff, T. 2014. Pollen analysis of honey from the Bal-
tic Region, Estonia. Grana: aninternational journal of palynology 
and aerobiology, 53 (1), 54-61.
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THE PALYNOLOGY APPLIED IN STUDY ABOUT BEES-NECTARIFEROUS PLANTS 
INTERACTION IN A BRAZILIAN SAVANNA

Elisa Pereira Queiroz1, Jose Pacheco-Filho2, Sidnei Mateus3, Cláudia Silva1 
1University of São Paulo, São Paulo, Brazil. 2Universidade Federal do Ceará, Fortaleza, Brazil. 3University of São Paulo, Ribeirão 

Preto, Brazil 

Nectariferous plant species are more generalists than poliniferous 
plants and therefore maintain interactions with specialist and 
generalist bees at the same time. In nectariferous species, nectar 
is the main resource available to floral visitors and its production 
can determine the successful pollen dispersion among individ-
uals in the population. In this study the aim was to understand 
the bees-nectariferous plants interactions in a Brazilian Savanna. 
For this reason palynology was used to support our direct obser-
vation of bees visiting flowers. The study was conducted in the 
Jataí Ecological Station (EEJ), located in Luís Antônio, São Paulo 
State, Brazil. Brazilian Savanna vegetation is present inside the 
EEJ where was demarcated two transects measuring 500 m x 10 
m. These transects were run twice per month from August 2013 
to July 2014. All the nectariferous plants blooming were sampled, 
identified and counted the number of individuals for each one of 

them. In these plants were observed the bees visiting flowers and 
subsequently the pollen grains deposited on their body were re-
moved. The pollen collected was submitted to the acetolysis pro-
cess and afterward identified at the more specific level. To identify 
the prevalence of the nectariferous plant species used in the bees’ 
diet were considered the first 400 pollen grains founded in each 
sample. Were collected 262 bees of 42 species visiting 12 nectarif-
erous plant species, and identified 93 plant species through of the 
pollen grains deposited in their body, most of them was consid-
ered nectariferous species. Was observed an intermediate level of 
specialization (H2’ = 0.41) through direct observation and a more 
specialized level when analysing the interaction through pollen 
grains deposited on the body of bees (H2’= 0.62). In this study the 
palynology was important to better understand the interactions 
between bees and nectariferous plants.

P011

ALLERGENIC AND MELLIFEROUS PALYNOFLORA PROFILE OF PAKISTAN

Mehwish Noor 

Fatima Jinnah Women University, Rawalpindi, Pakistan 

Current study is focused on taxonomic investigation of allergenic 
and melliferous spore and pollenflora of Pakistan. Detailed stud-
ies were carried out under various techniques of microscopy. For-
ty one pollen grain of twenty six botanical families of allergenic 
and melliferous importance was studied.  Six spore types were also 
carried out. Significant botanical families are Asteraceae, Myrtace-
ae, Poaceae, Brassicaceae, Rosaceae, Pinaceae etc. Detailed pollen 

features are elaborated in the light of taxonomy. mathematical 
aspects of pollen and spore surface, apertures, exine, number and 
arrangements of apertures. Sculpturing of pollen and spores were 
diverse   viz., Psilate, echinate, scabrate, reticulate, bireticulate or 
echinolophate etc. Present studies prove useful guide for identifi-
cation of pollen and spore of allergenic and melliferous in aerobi-
ological and honey product identification.

P012

FALSE RINGS OF FOSSIL WOOD AS AN INDICATOR OF MONSOON TYPE OF CLIMATE IN 
THE CENOMANIAN OF THE BOHEMIAN CRETACEOUS BASIN, CZECH REPUBLIC

Josef Greguš1, Jakub Sakala1, Jiří Kvaček2 
1Charles University, Prague, Czech Republic. 2National museum, Prague, Czech Republic 

Fossil wood from the Cenomanian of the Bohemian Cretaceous 
Basin was studied. The most productive locality Pecínov Quarry 
provided large amount of material preserved as xylitic coal, char-
coal and permineralized wood from freshwater mudstone and 
sandstone sediments of the Peruc The paleoenvironment of this 
locality is characterized as a succession of deposits from a shallow, 
gravelly braided river (Unit 1), tide-influenced braided river (Unit 
2), supratidal marsh (Unit 3) and tidal flat (Unit 4) to ebb-tidal del-
ta to estuary mouth fill (Unit 5). Three-dimensionally preserved 
charcoal wood is partly permineralized and comes from Unit 5. 
This wood shows anatomical features providing characters of the 
family Cupresaceae s.l. Some specimens show atypical type of 
growth rings termed false rings in latewood which are caused by 
abiotic stress factors. We interpreted them as indicators of season-

al alternation of precipitation volume. Similar type of false rings 
occurs in related extant species as Taxodium distichum, T. mucro-
natum occurring in areas influenced by monsoon climate. This 
interpretation is independently supported by paleoclimatic data 
estimated for the Peruc and Klikov floras using CLAMP analysis. In 
these studies it was discovered that ratio of average precipitation 
of three driest and three wettest months is close to 1:5 and precip-
itation of three wettest months is close to be equal or higher than 
55% of total annual precipitation. Occurrence of false rings and 
mentioned climatic parameters gained by CLAMP indicate mon-
soon type of climate.

The study is supported by the Charles University in Prague, project 
GA UK No. 992916.
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AN UPDATED OVERVIEW OF FOSSIL WOOD FROM THE CENOZOIC VOLCANIC AREA OF 
DOUPOVSKÉ HORY AND ČESKÉ STŘEDOHOŘÍ MTS., CZECH REPUBLIC

Vít Koutecký, Jakub Sakala 

Charles University, Faculty of Science, Institute of Geology and Palaeontology, Prague, Czech Republic 

Doupovské hory and České středohoří Mts. are two volcanic com-
plexes situated in the area of the so-called “Ohře Rift” (NW Bo-
hemia, Czech Republic), which represents a fault zone oriented 
NE-SW and formed in late Eocene–early Miocene time period. In 
total, there are about 22 different wood types identified so far from 
10 localities in various volcano-sedimentary settings. Recently, a 
fossil wood locality Rokle was discovered in the bentonite pit near 
Kadaň with three wood types (Cupressaceae s.l., Lauraceae, Pla-
tanaceae). The last investigation has also shown new fossil woods 
in Dvérce, Bečov and Divoká rokle localities (unknown conifer, 
Platanaceae, Fagaceae, Malvaceae s.l.). This updated overview ex-
tends our knowledge about the systematics of fossil wood and its 
stratigraphical position in the area of the north-western Bohemia. 

The megaflora includes pteridophytes like Selaginella strobilus, 
Azolla Microsporocarp, Isolated Salvina Megaspore and Marsilea 
petiole, Angiosperms like Monocot roots, Viracarpon and  Baccato-
carpon fruits and Sahnianthus flower are  found in Maraipatan ex-
posure whereas scattered palm stem and isolated palm roots, few 
dicot woods, Enigmocarpon fruit and Sahnianthus flowers found 
in silicified black cherts of Pudiyalmohada locality. Few scattered 
palm wood also found Bhari locality.  Other exposures show black 
ill-preserved cherts.

Key Words :- Fossil, Deccan, Intertrapps, petrified, angiosperms.
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PALAEOFLORISTICS OF EARLY MIOCENE LIGNITE BASINS IN THE SOMA AREA BASED 
ON PLANT MACROFOSSILS - PRELIMINARY RESULTS AND PROSPECTS

Tuncay Güner1, Johannes Bouchal2, Nesibe Köse1, Thomas Denk2 
1Istanbul University, Istanbul, Turkey. 2Naturhistoriska Riksmuseet, Stockholm, Sweden 

The Soma lignite Basin is located in the western part of Anato-
lia. The main exploited coal (lignite) seam formed in the main-
ly NE-trending karstic and possibly fault bounded topographic 
depressions and synclinal troughs (İnci, 2002). Due to the fact 
that it is an important coal basin in Turkey, it has been studied 
geologically by various researchers (Nebert, 1978; Brinkmann et 
al., 1970; Takahashi & Jux, 1991; İnci, 2002; Ersoy et al., 2014). A 
recent study provided a radiometric age constraint for the floras 
of the Soma Basin. Ersoy et al. (2014) dated volcanic rocks of the 
Soma and Deniş formations between 20.42 ± 0.12 Ma and 18.76 ± 
0.05 Ma. This would suggest a late Aquitanian to early Burdigalian 
(MN3) age for the macro fossils recovered from the marls above the 
main coal seam.

The Soma basin is of paramount importance for understanding 
palaeofloristics in the early Miocene of the East Mediterranean 
region and along with the roughly coeval plant-bearing layers in 
Lesbos perhaps the only late Aquitanian plant macrofossil site in 
this region. Previous plant macrofossil studies provided the fol-
lowing data: Mädler & Steffens (1979), 2 gymnosperms and 15 

angiosperms, Gemici et al. (1991), 3 cryptogams, 7 gymnosperms 
and 61 angiosperms (many of them stored at Natural History Ap-
plication and Research Centre, Ege University, Izmir),  Erdei et al. 
(2010) described an extinct genus and species of cycadalean leaves  
as Pseudodioon akyoli, Güner & Denk (2012) described two new 
species of Berberidacea as Mahonia grimmii and Mahonia somaensis 
based on very few leaves, and Denk et al. (2014) described a new 
species of Dracaena as Dracaena tayfunii.

The present project includes the determination of recently col-
lected about 1500 plant macrofossils from the Soma basin. Pre-
liminary results of this project report a number of genera that are 
commonly found in early Miocene strata of western Eurasia (Pinus, 
Glyptostrobus, Alnus, Carpinus, Mahonia, Fagus, Quercus, Acer, Salix, 
Populus, Zelkova, Ulmus, Myrica, Pterocarya, Ziziphus etc.). At the 
species level some interesting novelties include a finding of oak fo-
liage very similar to Quercus subsect. Galliferae.  In addition, some 
taxa that appeared to be rare turn out to be very abundant, e.g. Ma-
honia. The composition of the associated angiosperm fossils point 
to a warm temperate and subhumid climate.
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ELAEOCARPACEAE FRUITS FROM THE OLIGOCENE OF THE PETROȘANI BASIN, 
ROMANIA

Roxana Pirnea, Mihai E. Popa 

University of Bucharest, Faculty of Geology and Geophysics, Laboratory of Palaeontology, 1 N. Bălcescu Ave., 010041, 
Bucharest, Romania 

Well preserved fructifications have been found in a the Paroșeni 
coal mine, Petroșani Basin. The specimens are preserved in a dark 
grey fine grained sandstone intercalation of the Chattian Dîl-
ja-Uricani Formation.

The fruits are spherical, slightly elongate, attached to a short pe-
duncle, with a husk covered by long spines. The locules are ellip-
tical in shape and display a pit-like scar on the inner side, repre-
senting the arillus. The location (position?) of the seed inside the 
locules influences the shape and the size of the fruit (seed?). The 
collected specimens are represented by single or double grouped 
locules, but the arillus is not always visible. The size of the husks 
is uniform, while spine size is variable. All characters point to the 
Elaeocarpaceae. On each collected hand specimen the fruits are as-
sociated with different leaf taxa, most of the leaf fragments belong-
ing to the family Lauraceae. In the European Cenozoic, represen-
tatives of the Elaeocarpaceae were described in mesophytic forest 

assemblages. Nonetheless, the taxonomic assemblage of the stud-
ied flora from the Petroșani Basin points to a subtropical climate. 
The overall character of the depositional conditions indicates a 
flatland with surrounding uplands, within a typical intramontane 
depression, and the palaeoflora is mainly autochthonous.

Although the Oligocene deposits of the Petroșani Basin are very 
rich in fossils, the Elaeocarpaceae fructifications are very rare. This 
is the first report of Elaeocarpaceae fossils for the Petroșani Basin.

Dipterocarpaceae, Meliaceae, Annonaceae and Fabaceae. In situ 
occurrence of these fungi on the angiosperm leaf cuticles suggest 
incidence of parasitic/pathogenic interaction in the phylloplanes 
of the ancient moist evergreen forest of Arunachal, sub-Himalaya, 
favoured by a high rate of precipitation during deposition of the 
Siwalik sediments.

P019

PALYNOLOGY OF THE CENTRAL MYANMAR BASIN CORROBORATES EOCENE–
OLIGOCENE MONSOONAL CONDITIONS IN SOUTH-EAST ASIA

Huasheng Huang1, Alexis Licht2, Robert Morley3, Guillaume Dupont-Nivet4,5,6, Zaw Win7, Jan Westerweel4, Virginia 
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The Cenozoic vegetation history of Central Myanmar is only 
sparsely documented and yet of great interest in the context of 
regional paleogeographic and climatic changes. The Kalewa sec-
tion, situated in the Central Myanmar Basin and recently dated 
by our group (Myanmar Paleoclimate and Geodynamics research 
group), presents an excellent opportunity to study the vegeta-
tion development from the Cretaceous to the Miocene. Here, we 
focus on the late middle Eocene to Oligocene time interval and 
document the palynoflora using 138 samples that were collected 
from the Pondaung, Yaw, and Letkat formations. The sediments 
exposed along a 1436.1 m section were formed in a predominantly 
fluvio-deltaic environment. Our study shows that the late middle 
Eocene to Oligocene Kalewa palynoflora includes at least 126 spo-
romorphs, belonging to 53 families and 91 genera. The dominant 
sporomorphs of this palynoflora are Dicolpopollis (e.g. Dicol-
popollis kalewensis, derived from the rattan group Calamoideae 
within Arecaceae), Sapotaceoidaepollenites (from trees within 
Sapotaceae, such as Palaquium), and fern spores. Other typical pal-
ynofloral elements are also derived from mountain ranges (Podo-

carpidites, Taxodiaceaepollenites, and ?Piceaepollenites), and taxa 
from fluvial and deltaic floodplains such as Liliacidites (from Lili-
aceae), Myriophyllum type (Haloragaceae), Corsinipollenites ocu-
lus (from Jussieua within Onagraceae), cf. Florschuetzia (possibly 
sonneratioid), Zonocostites ramonae (from Rhizophoraceae), di-
noflagellate cysts, and foraminiferal chitinous linings. In addition, 
the megathermal elements constitute the most significant fraction 
of all sporomorphs, such as Discoidites (from Brownlowia within 
Malvaceae), Margocolporites (from Caesalpinia within Legumi-
nosae), Striatricolporites catatumbus (from Crudia within Legu-
minosae), Lanagiopollis (e.g. Lanagiopollis emarginatus, from 
Alangium sect. Conostigma, which has significant biogeograph-
ic significance), Palmaepollenites kutchensis (from Iguanurinae 
within Arecaceae), Meyeripollis naharkotensis (possibly from 
Myrtaceae, indicating the age from late Eocene to basal Miocene), 
while the temperate elements are very rare. Generally, the late 
middle Eocene to Oligocene Kalewa palynoflora is a seasonally dry 
flora characterised by moist deciduous and semi-evergreen forest 
that is consistent with monsoonal conditions in south-east Asia. 
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PALYNOLOGICAL SIGNAL OF HEINRICH EVENT 1

Irina Delusina 

University of California, Davis, Davis, USA 

The role of vegetation through intervals of abrupt climate change 
is one of the most challenging paleoclimatological problem.

The post-Glacial transition of vegetation that occurred at the be-
ginning and the end of Heinrich event 1 and that stretched up to 
the beginning of the Younger Dryas is related to the magnitude, 
timing and non-linear response of the Earth system to H1 in dif-
ferent geographical locations.

The main problem that arises is the uncertainty in the inter-
pretation of the pollen assemblage due to its mixed nature, 
particularly the presence of both “warm” and “cold” pol-
len and its variable representation in different locations.   We 
have compared the initial- and post-H1 event pollen signal 
for a longitudinal tropic – subpolar transect, using published 
and our own data.   We find that despite regional peculiarities, 
most of the pollen assemblages demonstrate a similar pattern. 
 
One of the most prominent common features at the beginning 
and after H1, is the appearance of “saw-tooth”-like shapes in the 
variables of the pollen diagram, independent of sites, vegetation 
composition and other factors.  The most noticeable “saw-tooth” 

occurs at ~ 18-17 Kya and after H1, between about 14 and 12 Kya, 
the interval that roughly followed the transition from the Bølling/
Allerød to Younger Dryas.  The common features of a “saw-tooth” 
appear in this order: 1) following the LGM, an increase in upland 
herbs assemblages and/or in ferns, coinciding with a general de-
crease in the percentage of arboreal pollen.   2) A second stage, 
which follows the Bø/Al stadial, is similar with the previous one, 
but the amplitude of the “saw-tooth” is lower, since it lasts as long 
as 2 Kya.   3) Each “saw-tooth”, no matter where it occurs, termi-
nates with an increase in arboreal taxa.   For all sites, the isotopic 
evidence is that this period corresponds to warming, but the pol-
len records tell a more complex story.  Despite the individualities 
of each pollen record for different geographical locations, they 
all indicate that these almost chaotic changes in vegetation have 
something in common. This response to global warming has to be 
related with the fraction of local plants which were able to adjust 
fast to climatic changes and growing CO2 in the atmosphere. In 
turn these pioneer plants consumed a substantial amount of CO2, 
altering the situation backward. The “saw-tooth” like chaos lasts 
until the stabilization of the system to the new “normal” after the 
Younger Dryas cooling.
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VEGETATION AND CLIMATE CHANGESOF THE PLIO-PLEISTOCENE PHASE IN NIHEWAN 
BASIN

Yuecong Li1,2, Guoqiang Ding1,2, Gaihui Shen1,2, Yong Wang3, Chenzhi Li1,2 
1Hebei Normal University, Shijiazhuang, China. 2Key Laboratory of Environmental Change and Ecological Development of 

Hebei Province, Shijiazhuang, China. 3Institute of Geology，Chinese Academy of Geological Sciences, Beijing, China 

In this study, Haojiatai NHA drilling  core in Nihewan Basin 
was selected to discuss the vegetation and climate changes  in 
the Plio-Pleistocene phase (2.92-2.56Ma)  based on pollen anal-
ysis. The results show that four stages can be divided into. In 
stage 1 (2.92-2.8Ma), most Pinus  pollen content was  more than 
30% and Picea were less than 20%. The broad-leaved trees had the 
highest percentage in the full section with about 13%.  Artemis-
ia  and Chenopodiaceae were the main herbaceous types  with 
about 10-20%, indicating that broad-leaved forest should be the 
main research object of the sampling point, that spruce forest 
and pine forest existed in the mountainous regions, and that the 
climate was relatively warm and humid. In stage 2 ( 2.8 -2.71Ma), 
the  pollen content  of Picea,  Artemisia  and Chenopodiaceae 
increased significantly, with the maximum reaching to 
90% for Picea and 80% for Artemisia and Chenopodiaceae; On the 
contrary, the pollen content of Pinus and broad leaved trees signifi-
cantly reduced to lower than 10% and 5% seperately, suggesting 
that the surrounding vegetation  became  pruce  forest or steppe 

and climate tended to become chilly and dry, companied by dra-
matic changes of humidity . In stage 3 (2.71-2.66Ma), Pinus pollen 
content increased significantly, with  more than 40% in most   
samples. The content of fern spore  was about 11%, reaching  the 
highest in the whole  profile;  Instead,  most of  the Picea  content 
decreased clearly, with  less than 30%,  broad-leaved trees 
pollen was rare and the content of Artemisia and Chenopodiaceae 
was  less than 10%, indicating that the surrounding vegetation 
was dominated by pine forests, the spruce forest retreated to the 
mountainous regions, and the climate became relatively  warm 
and wet. In stage 4(2.66 -2.56Ma), the spruce became dominated 
pollen type with percentage more than 80% for most  samples, but 
Pinus was less than 10%. Broad-leaved forest almost disappeared 
and dark coniferous forest  expanded and  the climate was  get-
ting much  colder. According to the pollen analysis,  there were 
two relatively obvious cold stages,2.8-2.71Ma and 2.66 -2.56Ma , 
which had a good correspondence with the marine isotope stag-
es MIS102, 104, G2, G6 and G10.

P022

PALAEOENVIRONMENTS, PALAEOCLIMATE AND PALAEOFLORISTIC COMPOSITION IN 
CENTRAL SPAIN (MADRID BASIN) DURING THE MIDDLE MIOCENE GLOBAL COOLING 

EVENT

Manuel Casas Gallego1, Eduardo Barrón2 
1CGG Services, Llandudno, United Kingdom. 2Geological Survey of Spain (IGME), Madrid, Spain 

The Madrid Basin was one of main continental, endorheic basins 
of the Iberian Peninsula in the Early and Middle Miocene. During 
the years 2004-2008, the numerous works carried out in the city of 
Madrid for the underground system and highway tunnels allowed 
a rich paleontological dataset from this sedimentary basin to be-
come available, including palynological records from hundreds 
of core and outcrop samples. For this study, palynological analy-
sis of 4 sections dated biostratigraphically as Aragonian (Middle 
Miocene, upper part of the MN zone 5; ~14.8-13.8 Ma) have been 
conducted. Sequences mainly consist of greenish claystones that 
belong to the so-called “Peñuela” facies of the Intermediate Unit. 
These sediments were deposited under a marginal lacustrine and 
palustrine setting.

Overall, the 4 studied sections yield moderately diverse palynolog-
ical assemblages dominated by herbaceous taxa that indicate an 
arid climate and the development of steppe-like vegetation in the 
area. These data provide evidence for the onset of the expansion 
of open ecosystems in the Iberian Peninsula, which became exten-
sive during the Langhian-Serravallian transition, probably associ-
ated with the Middle Miocene Global Cooling Event.

Palaeoclimatic reconstruction based on Coexistence Approach 
suggests ranges of 16.5-18.5˚ for the mean annual temperature, 
5.5-13.1˚ for the mean temperature of the coldest month and 20.3-
23.1˚ for the mean temperature of the warmest month.

Within this general arid context, differences in composition ob-
served on the assemblages of the studied sections reflect slightly 
different types of palaeoenvironments, which were related to local 
conditions. Thus, the Puente de Toledo and Tierno Galván Park 
palynofloras reveal a near-shore lacustrine depositional setting, 
as indicated by the abundance of hygrophilous taxa such as fern 
spores and Cyperaceaepollis. Linked with these ecosystems was an 
original flora including Convolvulaceae, Armeria and Ricinus. The 
latter genus, which has been identified previously in a very limited 
number of studies, is documented with pictures and described in 
detail for the first time.

The Metro Line 7 sequences, on the other hand, yield a palynoflo-
ra with abundant Ephedra pollen and lower numbers of hygrophi-
lous taxa reflecting a drier, probably more hinterland depositional 
environment.
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PLANT-SOIL INTERACTIONS AND WEATHERING WITHIN CRYPTOGAMIC GROUND 
COVERS (CGCS): APPLYING A NOVEL MULTI-MODAL AND MULTI-SCALE ANALYSIS VIA 

CORRELATIVE IMAGING AND FOCUSSED ION BEAM (FIB) MICROSCOPY

Ria Mitchell1,2, Christine Strullu-Derrien2, Paul Kenrick2, Peter Davies1, Cameron Pleydell-Pearce1, Richard 
Johnston1 

1College of Engineering, Swansea University, Swansea, United Kingdom. 2Dept. Earth Sciences, Natural History Museum, 
London, United Kingdom 

Colonization of the land by primitive plants during the Early Pa-
laeozoic was fundamental to the evolution of terrestrial ecosys-
tems, in particular soil development and biologically-mediated 
weathering. The first plant-dominated ecosystems (e.g., the 407 
Ma Rhynie Chert) are akin to modern cryptogamic ground cov-
ers (CGCs), which are composed of a consortium of bryophyte 
plants (e.g., mosses, liverworts, hornworts), lichens, fungi, algae, 
and bacteria. Comparable associations are present in Rhynie Chert 
and modern CGCs (e.g., mycorrhizal associations between plants 
and fungi/cyanobacteria). Previous investigation of modern CGCs 
from Iceland reveal that CGC soils have specific surface and inter-
nal structures, which are governed by the colonising organisms 
(e.g., moss, liverwort, lichen) and the below-ground interactions 
(e.g., rhizoids, symbionts). It was found that smectite clays de-
veloped in CGC soils dominated by basal liverworts (e.g., Blasia 
pusilla), and that symbiosis with cyanobacteria (cyanobionts) and 
nitrogen fixation potentially play a role in weathering and soil 
developmental processes. In addition, numerous biologically-me-
diated weathering features have been identified on grains within 
CGC soils, and can be attributed to different organisms (e.g., bac-
teria, fungi) and interaction (e.g., symbiosis, root-mediated disso-
lution). However, the challenge is to study these biologically-me-
diated features in-situ, and relate their formation to the complex 

processes in CGC soils.

Here, we have used the correlative workflow of numerous 2D and 
3D imaging and analytical systems to understand fossil and CGC 
soil interactions and weathering in more detail. We have used a 
combination of multi-modal and multi-scale techniques  includ-
ing optical light microscopy (LM), scanning electron microscopy 
(SEM-EDS), high resolution X-ray microscopy (X-ray CT) and fo-
cussed ion beam (FIB) microscopy to ascertain variations in chem-
istry, structure, and in-situ interactions present in Icelandic CGC 
soils and fossils from within the Rhynie Chert. With the aid of 
Zeiss Atlas 5 correlative workspace spftware, it is possible to pin-
point and target internal regions of interest (ROIs) within 3D X-ray 
CT volume data and accurately target sub-surface regions using 
the FIB. This enables us to create nm-scale tomographic volumes 
of the ROI, creating ultra-high resolution volumes detailing struc-
tural properties, chemistry, and orientations. In particular, this 
workflow is improving our ability to image Rhynie Chert cyano-
bacteria in high resolution. We propose that correlative imaging 
provides a novel opportunity to study fossils and soil to quantify 
interactions at varying length-scales, and further understand soil 
processes both in the present and the geologic past.

P024

NEW DATA ON PELTASPERMALEAN IN SITU POLLEN FROM THE PERMIAN OF THE 
RUSSIAN PLATFORM

Tatiana Foraponova 

Lomonosow Moscow State University, Moscow, Russian Federation. Borissiak Paleontological Institute of Russian Academy of 
Sciences, Moscow, Russian Federation 

The order Peltaspermales is a unique group characterized by var-
ious palynological types; nonetheless, data on in situ pollen are 
rare, poorly studied or even lacking for some time spans. In this 
regard we have investigated synangia of the genus Permotheca Za-
lessky, 1929 from Kazanian sediments of the Russian Platform. 
LM and SEM were used. We examined about 90 synangia from the 
Kostovaty locality (Russia, Udmurtia) and managed to extract pol-
len grains from 10 of them.

The synangia were divided into three groups by morphological 
features, one of which was attributed to P. vesicasporoides S. Meyen, 
Esaulova et Gomankov, 1986 (earlier registered in the Late Perm-
ian of the Russian Platform) by the presence of Vesicaspora pollen 
type and cuticle characters. The second group is quite similar to P. 
colovratica Naugolnykh, 2013 by the morphology of the synangia, 
but there are distinctions in pollen morphology. The third group 
shows several minor morphological differences (such as the num-
ber and outlines of sporangia, synangia organization, and the type 
of attachment to fertile axis), which do not allow to attribute this 
group to P. colovratica;  the pollen grains resemble those extracted 
from the synangia of the second group. By contrast to previous re-
ports of P. colovratica, the pollen grains of the second and the third 

groups are clearly bisaccate and their corpus is bigger than the 
sacci. The distal surface is characterized by peculiar rugulate-fos-
sulate sculpture; orbicules are occasionally  present on the surface 
of pollen grains.

The Vesicaspora-type pollen is known from synangia of Permotheca 
during the Permian period.   Nevertheless, at least two morpho-
types of pollen grains are found in Permotheca in the Kostovaty 
locality. Furthermore, striate saccate pollen grains of Protohaploxy-
pinus-type are known from Permotheca from younger deposits. In 
addition, there are data that non-saccate striate pollen of Vitta-
tina-type can be found in synangia of this genus in the same de-
posits (Gomankov, Meyen, 1986). Such a diversity of pollen types 
found in situ in synangia of the same genus confirms its formal sta-
tus and highlights the need for a more detailed study of the genus 
Permotheca.

References

Gomankov A.V., Meyen S.V., 1968. Tatarina flora (composition and dis-
tribution in the late Permian Eurasia). Transactions, vol. 401. 191 p.
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TREBECENIA SARCOCALYCALIS, LATE CRETACEOUS CAPSULAR FRUIT FROM THE CZECH 
REPUBLIC.

Zuzana Heřmanová, Jiří Kvaček 

National Museum Prague, Václavské náměstí 1700/68, Prague 1, Czech Republic 

Trebecenia sarcocalycalis Knobloch et Mai is a rare fossil from the 
Klikov Formation (upper Turonian – Santonian age). Sediments 
of the Klikov Formation constitute the thickest and most widely 
distributed stratigraphic unit in South Bohemia Basins. In 2007, 
a new tafocenoza of small charcoalified reproductive plant struc-
tures was found in this Formation, in the locality Zliv – Řídká 
Blana. Specimens of Trebecenia sarcocalycalis come from newly col-
lected material, as well as older material from E. Knobloch’s col-
lections. This taxon was examined using our Bruker SkyScan 1172 
X-ray micro-tomograph, and reconstructed with the supplied soft-
ware (NRecon). For SEM studies, the specimen was observed using 
our Hitachi S-3700N. All specimens are preserved as three dimen-
sional charcoals.

Trebecenia sarcocalycalis is a young fruit. It consists of trimerous gy-
neceum surrounded by a pentamerous perianth arranged in one 
whorl. The periant is very thick. The gynoecium is superior, three 
carpelled, unilocular and synovarious: ovary fused, styles and stig-
mas are free. Only basal parts of the three styles are preserved. The 
central columella is present. The surface of the fruit is covered by 
numerous trichome bases. T. sarcocalycalis probably matured into 
capsular fruit.

Based on the pentamerous perianth and trimerous gynoecium, 
we interpret T. sarcocalycalis as having affinities to Saxifragales or 
Ericales. Most Cretaceous ericalean fossils are apparently tricarpel-
late, but whether this is a plesiomorphic character for the order as 
a whole is not yet established.

P026

A CARBON STABLE ISOTOPIC SHIFT RECORDED BY THE KUNGURIAN FLORA OF 
TREGIOVO (VAL DI NON, NORTHERN ITALY)

Giuseppa Forte1,2, Nereo Preto1, Evelyn Kustatscher2,3, Cindy Looy4 
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The Tregiovo Basin is a small sedimentary basin in the upper Val 
di Non (Trento Province, NE-Italy). The fossil locality “Le Fraine” 
(Tregiovo Formation) near Tregiovo village yielded one of the few 
well-documented Kungurian (early Permian) floras of eastern pa-
laeoequatorial Pangea. Two rich plant assemblages, 45 m and 105 
m from the base of the section (respectively Assemblage A and 
B), both consist of sphenophytes (Annularia), taeniopterids (Tae-
niopteris), seed ferns and/or ferns (Sphenopteris, Peltaspermum), 
ginkgophytes (Sphenobaiera), and conifers (e.g., Hermitia, Feysia, 
Quadrocladus, Dolomita, Pseudovoltzia), but with different quan-
titative compositions. Both plant assemblages are dominated by 
conifers, which also form the most diverse group. A taxonomical 
and morphological study of foliated conifer shoots has been car-
ried out, with the aim to increase our understanding of the distri-
bution and diversification of this important group of plants in the 
Kungurian of eastern palaeoequatorial Pangea. Four conifer taxa, 
Feysia sp., Quadrocladus sp., Hermitia sp. and H. geinitzii, were iden-
tified, based on branch and leaf morphometrics. Moreover, a geo-
chemical study performed on the bulk organic carbon from the 
“Le Fraine” section, provided a δ13C curve that shows a negative 

shift along the section with the most negative values of the curve 
corresponding to the upper floral assemblage (Assemblage B). A 
taxon-specific study on the stable carbon isotopic composition of 
coalified Tregiovo conifer tissues showed that there are no signifi-
cant differences between different taxa from the same plant assem-
blage, but conifers of the same taxon have lighter isotopic com-
position in the upper floral assemblage. This allowed to exclude 
that the shift resulted from a change in floral composition along 
the section. The geochemical investigation on the bulk organic 
matter and charcoal from another section (Tregiovo village sec-
tion, Tregiovo Fm.), coeval with the upper part of the “Le Fraine” 
section, confirmed the same negative shift recorded from “Le 
Fraine” section. The δ13C curve of Tregiovo and the magnitude of 
the negative shift obtained (4–5‰ VPDB), are very similar to the 
Kungurian trend observed from other contemporary continental 
records (e.g., China, South Africa) that extend from Carboniferous 
to late Permian. This suggests that the Tregiovo negative shift may 
represent a global signal given by a global change of the carbon 
atmospheric composition.
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GEOCHEMISTRY OF CEDRUS ATLANTICA POLLEN AND THE POTENTIAL FOR LONG-TERM 
RECONSTRUCTION OF MOISTURE AVAILABILITY AND SUMMER UV-B FLUX ACROSS 

NORTH AFRICA.

Benjamin Bell1, William Fletcher1, Alistair Seddon2, Roy Wogelius1, Henk Cornelissen3, Helen Grant4, Peter Ryan1, 
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Geochemical analysis of pollen allows quantitative relationships 
to be established with environmental and climatic conditions 
which influence the geochemistry. Cedrus atlantica (Atlas cedar) is 
an endemic tree found across North Africa, growing in sub-humid 
and semi-arid mountainous environments. It has been present in 
the region throughout the Holocene, which, along with its sum-
mer pollination period, makes it an ideal species for reconstruc-
tion of summer climate conditions. We investigated two geochem-
ical approaches using 93 modern pollen samples collected from 
Morocco, Europe and the USA. Firstly, an analysis of the stable 
carbon isotope ratio of pollen and moisture availability, finding 
significant relationships with summer precipitation (r2 = 0.63, p < 
0.0001) and scPDSI (r2 = 0.86, p < 0.001). Secondly, analysis of the 
abundance of ultraviolet absorbing compounds (UACs): para-cou-
maric acid and ferulic acid in pollen, finding significant relation-
ships with summer UV-B flux in native Moroccan samples (r2 = 

0.84, p < 0.0001), but not across a larger environmental gradient 
including non-Moroccan samples (r2 = 0.00, p = 0.99). These re-
lationships suggest that fossil pollen could be used for quantita-
tive climate and UV-B reconstructions in the region, although the 
possible genetic influence on UACs requires further investigation. 
Efforts are now underway to analyse fossil Cedrus pollen from two 
sites in the Middle Atlas, Morocco: Lake Sidi Ali, and Col du Zad, 
which span at least 10,000 years BP and are rich in Cedrus pollen. 
Pollen concentration and isolation methods were developed that 
do not use any chemicals, which could potentially alter the geo-
chemical signal. It is hoped that geochemical analysis of fossil Ced-
rus pollen could resolve some of the open questions about climate 
change in Northwest Africa, due to the often conflicting signals 
found in the pollen record, and whether UV-B or solar radiation 
may be driving these changes.
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STABLE CARBON ISOTOPE COMPOSITION OF N-ALKANES IN CRETACEOUS PLANTS 
FROM THE BOHEMIAN CRETACEOUS BASIN AS AN INDICATOR OF PALAEOECOLOGY

Petra Zahajská1,2, Jiří Kvaček3 
1Charles University, Prague, Czech Republic. 2Lund University, Lund, Sweden. 3National Museum, Prague, Czech Republic 

Stable carbon isotopes became one of the methods providing us 
with information about humidity in palaeoreconstructions. The 
method, based on measuring isotopes in bulk material – carbon-
ates, palaeosols or fossil plants, is used for reconstruction of relative 
humidity changes through time. Local water availability, salinity 
and humidity are not captured in the bulk measurements. A suit-
able method to separate regional signal from local (individual) sig-
nal, the compound-specific isotopic analysis (CSIA) can be used. It 
gives us more detailed information about the reaction of the plant 
to environmental changes (water stress, salinity, drought). We in-
troduce this method used in biology into the fossil record in order 
better to understand the local palaeoenvironmental conditions.

Vegetation of complex fossil environments such as estuaries and 
deltas can be studied using stable carbon isotope composition in 
n-alkanes, providing information on water stress. These tidally in-
fluenced environments typical for large changes in salinity during 
certain periods within a year. The flora growing there is hypothe-
sized to be under water stress caused by high salinity, floods and 
dry episodes. The Cretaceous fossil flora from these environments 
does not have living relatives, therefore all the information we 
know about it is based on morphology and cuticle anatomy.

The poster will present preliminary results of calibration of stable 
carbon isotope composition of n-alkenes (leaf waxes) in flora from 
recent coastal areas (salt marshes, mangroves). It will also compare 
the calibration dataset with data on fossil flora from “similar” pa-
laeoenvironments in the Bohemian Cretaceous Basin, the Saxony 
basin and Spanish Cretaceous basins. The study sites are consid-
ered as deltaic/estuarine environments with gradual intrusion of 
sea during the Late Cretaceous. These conditions influenced for-
mation of a unique ecosystem which is not present today anymore. 
The closest recent environments are considered as mangroves and 
salt marshes. A new type of ecosystem is arising in New Zealand 
where original salt marshes are invaded by mangroves. This envi-
ronment has a high potential to act as the calibration set, due to 
the presence of both trees and herbaceous plants, similarly to the 
fossil record. The data from these environments will be presented.

Using recent and fossil isotopic data enables us to compare the wa-
ter stress effect and response of the plants to it in the fossil record, 
which will complete the image of palaeoenvironmental recon-
structions and the fossil plant physiology.
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RECONSTRUCTION OF SOLAR ULTRAVIOLET IRRADIANCE: IMPLICATIONS FOR FUTURE 
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Variations in solar ultraviolet (UV) irradiance are an important 
driver of regional climatic change. The challenges of reconstruct-
ing UV irradiance prior to the satellite era mean that there is uncer-
tainty over long-term UV patterns, and whether UV follows total so-
lar irradiance (TSI) over centennial to millennial timespans. Here, 
we reconstruct past surface UV irradiance over the last 650 years 
using a novel UV-B proxy based on the chemical signature of fossil 
pollen grains. Plants produce UV absorbing compounds (UACs) to 
protect their cells from the harmful effects of UV-B, and up-regu-
late production in response to increased UV-B doses. Therefore, by 
measuring the concentration of UACs in fossil and sub-fossil pol-
len grains, UV-B flux in the past can be reconstructed. We use Fou-
rier Transform infrared (FTIR) microspectroscopy to analyse Pinus 

pollen UAC concentrations, sampled from Nar Gölü in central Tur-
key. We then compare our UV reconstruction to two independent 
TSI proxies: cosmogenic radionuclides and sunspot group counts. 
 
We demonstrate a statistically significant positive relationship be-
tween the abundance of UV absorbing compounds in Pinus pollen 
and the TSI proxy records. This shows that trends in UV follow the 
overall TSI pattern over centennial timescales, and that variations 
in solar output are the dominant control on surface level UV-B 
flux, rather than solar modulated changes in ozone thickness. 
These findings confirm the potential for secular changes in UV to 
impact upon regional climatic patterns over long timescales.
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HOLOCENE FIRE HISTORY AND VEGETATION DYNAMIC IN KOMI REPUBLIC, URALS 
REGION, RUSSIA
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Wildfire is a major perturbation in boreal ecosystem. Current 
global warming could favor the occurrence of this perturbation 
with heavy consequences in term of ecosystem functioning glob-
al climate, and socio-economical point of view. In order to better 
predict effects of these changes on fire activity, long-term paleo-
ecological data are required notably to understand the complex 
interactions between climate, human, fire and vegetation trough 
time. In the frame of the PREREAL project (http://www.prereal.
org/index.htm) funded by the Belmont program, we provide fire 
history and vegetation dynamic during the Holocene, in Komi 
Republic, Ural mountain (Russia). Fire history is based on the anal-
ysis of charcoal particles sequestered in forest peat deposits and 

dendrochronological analysis. Results indicate a gradual increase 
of fire frequency over time. The fire return interval has oscillated 
between ca 300 years at 11000 years cal BP to a value inferior to 100 
years since 250 years.

This increase in fire frequency could be driven by human activi-
ties, climate and vegetation. Human density of this area remained 
very low throughout the Holocene and only increased recently. 
In order to highlight the interactions that have occurred between 
fires, vegetation and climate, palynological analysis of peat depos-
its is being processed to be related to fire activity.
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THE HOLOCENE DEVELOPMENT OF LOWER MOUNTAIN FOREST AND ITS FIRE HISTORY 
IN THE BESKID MAKOWSKI MOUNTAINS (WESTERN CARPATHIANS, SOUTHERN 

POLAND)

Piotr Kołaczek1, Włodzimierz Margielewski2, Katarzyna Marcisz1,3,4, Mariusz Gałka1, Krzysztof Buczek2, Aleksandra 
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Białystok, Poland, Białystok, Poland 

The aim of this study was a reconstruction of forest and fire history 
recorded in a small mire that developed within a landslide depres-
sion. The analysed site is located in the Beskid Makowski Mts., on 
the southern slope of the Koskowa Mountain range (675 m a.s.l., 
lower mountain forest zone). From 11,200 cal. BP Pinus sylvestris, 
with an admixture of Betula, Picea abies, Populus, Pinus cembra, and 
Larix decidua were main constituents of the woodlands. From ca. 
11,145 cal. BP Ulmus started to spread (pollen values >2%), and 
from ca. 11,090 cal. BP it advanced rapidly (>10 %) contributing 
to the withdrawal of L. decidua and P. cembra. About 10,280 cal. 
BP P. abies started to expand. Next, ca. 10,030 cal. BP the expan-
sion of Corylus avellana began, and ca. 9930 cal. BP that of Tilia, 
which contributed to the retreat of the Pinus-Betula woodlands. 
During the period of ca. 9570–8980 cal. BP C. avellana reached 
an optimum, whereas Tilia reached an optimum ca. 7380–7320 
cal. BP (>20 % of pollen). The first occurrence of Abies alba mac-
rofossils was dated at ca. 5000 cal. BP, but ca. 4400-4000 cal. BP 
A.alba expanded rapidly restricting the occurrence of C. avellana 
and Tilia, and gradually of P. abies. About ca. 2700 cal. BP Fagus 

sylvatica, being earlier an admixture in Abies-Picea forests, became 
more frequent, whereas ca. 2020 cal. BP it reached an optimum. 
The layer of the topmost 50 cm, consisting of the mineral cover, 
was probably established in the period not older than last ca. 1300 
years. This layer is characterized by the increased frequency of 
Poaceae, anthropophytes’, and cereals’ pollen, and coprophilous 
fungi spores, which point to human-induced deforestations that 
contributed to the establishment of this mineral layer. An analysis 
of microcharcoal (0.01-0.1 mm) and macrocharcoal (>0.1 mm) re-
vealed that periods of (i) ca. 11,230–10,710 cal. BP (Ulmus, P. sylves-
tris and Betula optimum) and (ii) the last 400 years (acceleration of 
human impact) were of the highest fire activity. Moreover, higher 
local fire activity (macrocharcoal) was identified in the period of 
(i) ca. 7600–6700 cal. BP, simultaneously with the fluctuations of 
P. abies and decline of Ulmus, and (ii) ca. 1900–1400 cal. BP, simul-
taneously with the spread of F. sylvatica at the expense of A. alba. 
Scientific work financed from the budget sources for scientific ac-
tivity in 2016–2019, project number 0342/IP1/2016/74.
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NEW DATA ABOUT ANCIENT DISTRIBUTION OF ABIES ALBA AND FAGUS SYLVATICA IN 
LOW MEDITERRANEAN MOUNTAIN AREAS (NORTHEASTERN IBERIAN PENINSULA): 

RELICT SPECIES OR HUMAN INTERVENTION?

Raquel Cunill Artigas1, Albert Pélachs Mañosa1, Joan Manuel Soriano López1, Jordi Nadal Tersa1, Marc Sanchez 
Morales1, Ramon Pérez-Obiol2 
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The current silver fir (Abies alba) and beech (Fagus sylvatica) distri-
bution areas in the northeastern Iberian Peninsula spread almost 
exclusively on the northern slopes of mid and high mountain ar-
eas. However, some fir and beech forest are found near the Medi-
terranean coast. These populations are believed to be relict areas of 
ancient glacial refuges from the last glacial period. Likewise, their 
anthropogenic origin cannot be excluded. Our research focuses 
on these Mediterranean populations with the aim to shed light on 
their Holocene evolution in these environments and to provide 
data to discuss their natural or anthropic origin.

The methodology is based on soil charcoal analysis. Pedoan-
thracolgy offers high spatial precision and extended chronologi-
cal information (Holocene period). The first study area is located 

at the Montseny massif (1400m-1706m a.s.l.), where the silver fir 
southernmost populations of the Iberian Peninsula are found. In 
the Montnegre area (600m-727m a.s.l.), the second study loca-
tion, reduced beech population is found at 8 km from the Med-
iterranean coast. Three pedoanthracological pits were excavated 
in both areas across the different insolation areas (top área, north 
and south slopes). The pits depth varies from 40 to 110 cm.

First results show fir presence in the past in these areas and a much 
wider extension that is outside our current understanding of topo-
graphical and microclimatic paradigms. During the Holocene, 
its distribution area was reduced in periods of significant climate 
change and in periods of important human activity (Bronze Age, 
Romanization and Middle Ages).
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FIRE IN THE NEAR EAST: DIFFERENT RELATIONS OF PALEOFIRE ACTIVITY AND 
VEGETATION CHANGE IN THE SOUTHERN LEVANT AND EASTERN ANATOLIA

Andrea Miebach, Nadine Pickarski, Thomas Litt 

Steinmann Institute, University of Bonn, Bonn, Germany 

Fire is one of the severest landscape disturbance factors. Yet, the 
connection between fire, vegetation, and climate differs regionally 
and is often poorly understood. Here, we examine the relationship 
between micro-charcoal and pollen from sediment cores of two 
key archives in the Near East: the Dead Sea in the Southern Levant 
and Lake Van in Eastern Anatolia. The study has a temporal focus 
on the last glacial and Pleistocene-Holocene transition. We aim to 
get a better understanding of fire-vegetation-climate interactions 
in both regions.

Our analysis shows major regional differences of charcoal-pollen 
relations. At the Dead Sea, fire activity is positively correlated with 
the reduction of woodland and steppe vegetation. In contrast, in 
Eastern Anatolia fire activity increases with the expansion of for-
est-steppe, i.e. with the spread of trees and shrubs. To interpret 
and explain these contrasting patterns, we address the following 
questions: Which climate parameters affect the paleofire activity? 
What is the role of available biomass? Do we find indications for 
human-driven fire regimes?

P034

VEGETATION DYNAMICS, HUMAN IMPACT AND FIRE HISTORY IN THE TEMPERATE 
DECIDUOUS FOREST ZONE OF CENTRAL EUROPEAN RUSSIA DURING THE LAST 4000 

YEARS

Natalia Mazei, Elena Novenko, Dmitry Kupriyanov 

Lomonosov Moscow State University, Moscow, Russian Federation 

Climate changes and human activity strongly affected the Euro-
pean temperate deciduous forests through the Holocene, anthro-
pogenic influences were detected even in strongly protected areas, 
which were assumed to be “pristine forests”. The present study is 
focused on the area of the “Kaluzhskie Zaseki” Nature Reserve, 
which is considered to contain the remnants of primary broad-
leaved forests in central European Russia. New multi-proxi records 
including pollen, plant macrofossils, micro- and macro-charcoal, 
peat humification, loss on ignition and radiocarbon dating from a 
small forest peatland Mochulya supplemented by 15 radiocarbon 
dates of soil charcoal from the area of the Reserve are presented. 
Obtained results have shown that during the last 4200 years the 

study area was occupied by broadleaved forests of Quercus, Ulmus 
and Tilia, after 2300 cal yr BP Picea become relatively abundant. 
Despite long-term human impact on vegetation fragments of 
these forests still existed there until present. Three main periods 
of deforestation and frequent fires were revealed: 3700-3200 cal yr 
BP, 2000-1600 cal yr BP (the Early Iron Age) and 1000-400 cal yr BP 
(the medieval time). Whereas human-induced vegetation changes 
were obvious for the last two periods, vegetation dynamics during 
3700 - 3200 cal yr BP were caused partially by climatic reasons.

This study was supported by the Russian Science Foundation 
(Grant 16-17-10045).
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DIET OF EXTINCT STEPHANORHINUS KIRCHBERGENSIS ON THE BASIS OF PALAEOBOTANY 
RESEARCH

Anna Hrynowiecka1, Renata Stachowicz-Rybka2, Magdalena Moskal - Del Hoyo2, Krzysztof Stefaniak3 
1Polish Geological Institute - National Research Institute, Gdansk, Poland. 2W. Szafer Institute of Botany Polish Academy of 

Sciences, Cracow, Poland. 3Faculty of Biological Sciences Uniwersity of Wroclaw, Wroclaw, Poland 

In western Poland (near Gorzów Wielkopolski) almost complete 
rhino remains of a female Stephanorhinus kirchbergensis were found 
in lake sediments. From the rhino’s teeth, it was possible to extract 
material that probably corresponds to her last meals.

11 samples of sediments filling of teeth caverns (teeth P2dex, P3dex, 
P4dex, M1dex, M2dex, P2sin, P3sin, P4sin, M1sin, M2sin, M3sin) and 
6 sediment samples directly adjacent to the jaw were analysed.

Preliminary results of pollen and macrofossil analysis of 6 sediment 
samples directly adjacent to the jaw show  dominance of  Carpinus 
and Corylus communities as the rhinoceros’ living environment. 

This species composition allows to determine the rhinoceros’ life-
time on the end of the Middle Eemian Interglacial defined for the 
terrain of Poland as Carpinus-Corylus-Alnus R PAZ (E5), considered 
as the climatic optimum of this interglacial. The abundance and 
variety of remains of aquatic plant species, especially Trapa sp., 
characteristic for sediments of the Eemian Interglacial Aldrovanda 
sp. or Najas marina indicate a warm climate and shallowing lake.

Pollen analysis of 11 samples of sediment extracted from cavern 
teeth indicates that the majority of samples consists of lake sedi-
ment that penetrated into the spaces inside the teeth post mortem 
and also suggests the species composition of Carpinus and Corylus. 
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Only four samples differ in their pollen composition indicating 
mainly Betula and Corylus, as the source of food of the Stephanorhi-
nus kirchbergensis. The intriguing discovery turned out to be Taxo-
dium sp. pollen in amounts up to 4% in these 4 samples. This spe-
cies has not been found yet in the Eemian Interglacial sediments.

The analysis of plant macro-remains allowed to determine only a 
small fragment of heavily damaged seed scales of Betula sp. Among 
the plant remains found in the teeth caverns, fragments of wood 
were also found. The majority of them represented twigs of 1-2 mm 
in diameter and were in a bad preservation state due to chewing, 

permitting only a determination up to the level of angiosperms. 
However, Corylus, Maloideae and cf. Viscum were identified.

Based on research of woody plant remains found in the teeth of 
this rhinoceros, and on the basis of the construction of the teeth, 
it is considered that the rhinoceroses of the Stephanorhinos kirch-
bergensis species nourished themselves with branches and twigs of 
trees and shrubs - hard, deciduous vegetation, woody and shrub-
by, hence it is sometimes called a “forest rhinoceros”.

P037

THE LATE HOLOCENE VEGETATION CHANGES IN THE BESKID WYSPOWY MOUNTAINS 
(WESTERN CARPATHIANS, CENTRAL EUROPE) BASED ON PALYNOLOGICAL ANALYSIS 

OF SMALL RICH FEN

Sambor Czerwiński1,2, Włodzimierz Margielewski3, Mariusz Gałka1, Piotr Kołaczek1 
1Department of Biogeography and Palaeoecology, Faculty of Geographical and Geological Sciences, Adam Mickiewicz 

University, B. Krygowskiego 10, Poznań, Poland. 2Laboratory of Wetland Ecology and Monitoring, Faculty of Geographical 
and Geological Sciences, Adam Mickiewicz University, B. Krygowskiego 10, Poznań, Poland. 3Institute of Nature Conservation, 

Polish Acadamy of Sciences, Adama Mickiewicza Ave. 33, Kraków, Poland 

Mountain areas host plant communities sensitive to climate 
changes and human activities. The main aim of the study was a 
reconstruction of the Late Holocene vegetation changes within 
lower mountain forest zone in the Beskid Wyspowy Mountains 
(Western Carpathians, southern Poland), the region of weakly rec-
ognised vegetation history. The study site is a rich fen developed 
in a depression situated at the foot of landslide scarp formed in the 
northern slope of the Mount  Mogielica (at the altitude of 845 m. 
a.s.l.). The onset of accumulation of biogenic deposits is tentatively 
estimated at ca. 4800 cal. BP. The samples, collected from the peat 
core, were subjected pollen, selected non-pollen palynomorphs 
(NPPs) and microscopic charcoal (0.01-0.1 mm) analyses. In the 
period between ca. 4800 and 4160 cal. BP Picea abies dominated 
in local forests. Up to ca. 4660 cal. BP Acer pollen revealed substan-
tial share in pollen spectra (>15%), which was probably associated 
with the development of the forests dominated by sycamore (Acer 
pseudoplatanus). Nowadays, this kind of deciduous forest occu-
pies steep slopes, often covered with rock debris. About 4100 cal. 
BP forests with a predominance of fir (Abies alba) and beech (Fa-

gus sylvatica), a natural type of forest for the lower montane zone, 
started to expand. The spread of these forests was preceded by a 
short episode of the dominance of small-leaved lime (Tilia corda-
ta), which distinguish studied site among others in the Western 
Carpathians. From ca. 2500 cal. BP to the present, a contribution 
of pioneer trees such as Pinus sylvestris and Betula increased, which 
may indicate higher landscape openness. Simultaneously, human 
activity was marked by the regular pollen presence of Cerealia type 
and Plantago lanceolata. However, the rapid decline of the accumu-
lation rate (ca. 0,3 mm/yr) between ca. 2500 and 0 cal. BP might 
suggest possible sedimentary gaps in this section. Together with 
the expansion of Abies-Fagus forests an increase in the frequency of 
fungi spores such as Kretzschamria deusta, HdV-572 and Cercophora 
type was detected. The highest microcharcoal concentrations co-
incide with the spread of Acer at the beginning of the pollen suc-
cession and to increase in human impact reflected in the topmost 
deposits. Scientific work financed from the budget sources for sci-
entific activity in 2016–2019, project number 0342/IP1/2016/74. 
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BIOTIC CONTROLS ON HOLOCENE BIOMASS BURNING IN THE TEMPERATE FOREST 
ZONE OF CENTRAL EUROPE

Přemysl Bobek1, Helena Svobodová Svitavská1, Jan Wild1, Petr Pokorný2, Pavel Šamonil3 
1The Czech Academy of Sciences, Institute of Botany, Pruhohice, Czech Republic. 2Center for Theoretical Study, Charles 
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Fire occurrence is driven by complex interplay between vegeta-
tion, climate, landforms and humans what makes challenging 
to derive individual effect of each variable. In our study we have 
reconstructed Holocene biomass burning history of two regions 
located in the Central European temperate zone which differs in 
a timing of expansion of broadleaved-dominated forest communi-
ties. This allowed us to investigate effect of biotic changes on the 
past fire activity. A multiple-site charcoal accumulation records 

were used to estimate regional-scale trends in biomass burning 
and to compare them with major trajectories of vegetation devel-
opment inferred from Czech Quaternary Palynological Database 
(PALYCZ). An extensive 14C-dated soil charcoal record collected 
within both regions were analyzed using cumulative probability 
density function (CPF) to infer stand-scale proxy for past fire ac-
tivity. Our results suggest increased biomass burning in the co-
nifer-dominated vegetation types of early to mid Holocene. The 
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increased fire activity during this period was driven by both, drier 
and warmer-than-present climate, as well as flammable fuels pro-
duced by resinous trees. We identified inhibiting effect of Fagus 
sylvatica expansion on levels of biomass burning that occurred 
asynchronously within mountain and lowland regions at 6.5 ky 
and 4.9 ky, respectively. Such alternation of tree taxa composition 
leaded to exclusion of fire, evidencing its incidental role in broad-
leaved forest vegetation dynamics during the Late Holocene. The 
divergent timing of fire decline in a response to Fagus expansion 
implies biotic control over biomass burning independent from di-
rect climatic influence.

According to the data of macrofossil analysis each peat samples 
were investigated with using an ecological moisture condition 
scale by Ramenskii (Ramenskii, 1971). The indices of moisture con-
dition of the habitat of peat-forming plants were calculated.

After the results of a comprehensive study of the peat sediments 
of the three floodplain peatland the following regularities in the 

variation of river water availability and changes in the palaevege-
tation were identified:

The end of the Boreal period - the beginning of the Atlantic peri-
od - a decrease in the overall moisture condition of the territory. 
The peatland formation started with the tree stage on elevated and 
protected from erosion parts of the floodplain.

The Atlantic period - the area of peatlands  in the Esaulovka River 
basin has expanded in   warm climate and high moisture condi-
tion. The trees plant communities are widespread in the peatlands.

Sub-Boreal period is characterized by variable moisture conditions 
for the territory, reduction of the participation of tree species in 
the composition of plant communities, predominance of herba-
ceous  communities.

Sub-Atlantic period - decrease in the moisture condition of the 
territory, gradual restoration of the tree stage domination were 
marked.
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TOWARDS THE PALAEOECOLOGICAL RECONSTRUCTION OF MADEIRA ISLAND 
VEGETATION (PORTUGAL): FIRST RESULTS FROM FANAL AND CARAMUJO PONDS
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Discovered six centuries ago, in 1419, and settled in 1425, Madeira 
Island was historically depicted as covered by pristine forests from 
sea level to mountaintop. Early accounts state the use of fires and 
timber exploitation to manage the forested landscape, streams 
with permanent water and the absence of rodents. These accounts 
differ from the present reality, where a clear anthropogenic land-
scape dominates most of the island. Attempts to investigate the 
palaeoecological changes are scarce and restricted to Pleisto-Ho-
locene aeolian deposits. Reconstructing the Madeira Island pa-
laeoecology through limnic sediments and their palynological 
content was never performed, most probably due to the apparent 
lack of taphonomical suitable sites to sample, such as lakes or bogs. 
However, the existence of Holo-Pleistocene impermeabilized cin-

der cones craters that originate temporary ponds were investigat-
ed and cored for the first time. Preliminary field prospection and 
laboratory results revealed the presence of two suitable sites: the 
Caramujo and the Fanal ponds. Recent field work allowed the re-
covery of two sediment cores in Caramujo and Fanal ponds, 460 
cm and 689 cm-long, respectively. Laboratory prospection with a 
20-cm resolution sampling revealed the presence of pollen, spores, 
macro and microcharcoal fragments and carpological remains in 
both cores. Moreover, six AMS 14C dates for both lagoons indicate 
a record from Upper Pleistocene to present. It is expected that the 
palynological record from both localities reveal how Madeira Is-
land vegetation changed under natural climatic conditions and 
how anthropogenic impacts altered these insular ecosystems.
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PALYNOLOGY AND MICROPALAENTOLOGY OF HOLOCENE LACUSTRINE SEDIMENTS 
OF THE LAYLA LAKES, CENTRAL SAUDI ARABIA: IMPLICATIONS FOR CHANGES OF 

PALAEOENVIRONMENT AND PALAEOCLIMATE

Jürgen Mutzl1, Olaf K. Lenz2, Matthias Hinderer1, Günter Landmann1 
1TU-Darmstadt, Darmstadt, Germany. 2Senckenberg Forschungsinstitut und Naturmuseum, Frankfurt, Germany 

The Layla Lakes in central Saudi Arabia, located 300 km south of 
Riyadh, are fed by groundwater, but dried up in the late 1980’s due 
to extensive groundwater use, revealing a series of 23 sinkholes in 
the Jurassic Hith formation. In one of them with a size of 400 x 
100 m and a depth of 10 m several samples were taken during a 
field campaign in 2011. Furthermore a sediment core was drilled 
near the sinkhole, revealing a lacustrine succession of 10.8 m. 
Mineralogical and geochemical analyzes show two distinct types 
of sedimentation: Sediments with an average content of 85% cal-
cite (carbonates) and sediments, which consist almost entirely of 
gypsum and anhydrite (sulfates).

The carbonates precipitated when the exchange between ground-
water and lake water was too large to achieve supersaturation of 
gypsum, while the sulfates mark periods of strong evaporation 
with limited rates of water exchange. First radiocarbon ages of 
mollusc shells and U/Th dating of carbonates indicate that the 
sedimentary succession covers 6000 years. Autochthonous mi-
crofossil assemblages comprise pollen, spores, diatoms, freshwater 
algae, testate amoebae, phytoliths and other non-pollen palyno-
morphs as well as zoological remains and offer the application 

of various multi-proxy methods to reconstruct Holocene palaeo-
climate and palaeoenvironment in the center of Saudi Arabia in 
detail, a region, where such a complete sedimentary record is un-
known so far.

Our study shows that the shore lines of the Layla Lakes were cov-
ered by a dense herbaceous vegetation during humid times. The 
environment was characterized by grasslands, interspersed with 
Chenopodiaceae. Wet places at the lake shore were vegetated by 
ferns. At peak periods of humid climate even water lilies, cattails 
and Ceratophyllaceae (hornworts) existed, which were spread on 
the lake water surface or grew completely submerged. During dry 
phases the lake level decreased significantly and the vegetation 
was replaced by plants that were adapted to arid conditions. A 
first semiquantitative analysis of the samples reveals distinct fre-
quency fluctuations in various microfossil groups, which indicate 
cyclic climate variations between dry and more humid phases on 
a millennial scale. XRF and visual analyses of sediment composi-
tion confirm at least four changes between arid and more humid 
phases based on the frequency of carbonate and sulfate sediments.
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Late Glacial and Holocene flora composition of Greece demon-
strates significant dissimilarities attributed to heterogeneity of lo-
cal geological, environmental and climatic factors. Even though in 
northern Greece vegetation patterns are thoroughly studied due 
to the well preserved pollen archives, south Greece suffers from 
the inadequacy of long continuous pollen records. Under this 
perspective the shallow marine core S2P, originated from the land-
locked shallow bay of Elefsis, offers a unique opportunity to study 
in detail the Late Glacial and Holocene vegetation patterns of At-
tiki (S. Greece) featuring the passage from the climate controlled 
vegetation to the human-induced one during Late Holocene. S2P 
core retrieved from the deepest part of Elefsis bay by the Hellen-
ic Centre for Marine Research (HCMR), covering the past 14000 
years, has been the subject of high-resolution palynological anal-
ysis of the top 300 cm, recording the successive plant landscape 
development. Overall, it is apparent that in west Attiki the plant 
ecosystem has been detrimentally affected by climate oscillations 
during the Late Glacial. Specifically, open oak woodlands along 
with the significant presence of the Mediterranean Pistacia estab-
lished around 13000 BP in the surroundings of Elefsis, reflecting 

temperate conditions during the Bolling-Allerod interstadial, were 
temporally replaced by low vegetation with steppe elements like 
Chenopodiaceae, indicative of the short-term climatic deteriora-
tion. At the beginning of the Holocene the major boost of mixed 
deciduous oak woodlands, coupled with the spread of Pistacia and 
Quercus ilex, signpost the establishment of dense thermophilous 
forests, implying warm and wet conditions. Shortly after and espe-
cially throughout the Middle Holocene evergreen Mediterranean 
woodlands, mainly consisted by Olea and evergreen oaks are ex-
panding, whereas the composition of deciduous oak woodlands 
is becoming diversified with Carpinus/Ostrya type being spread 
amongst other deciduous species. Pine trees are gradually becom-
ing the dominant feature in the plant landscape around 4000 BP. 
Signs of human activities in the area are evidenced since 6000 BP. 
The presence of crop plants such as olive and cereals, the gradual 
occurrence of several anthropogenic and soil erosion indicators 
as well as the abrupt increase of microcharcoal concentrations in 
Elefsis pollen spectra, signal human activities in the broader area. 
Successive oscillations of various anthropogenic indicators are 
possibly linked to historical events in Elefsis area.
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PRELIMINARY RESULTS OF A PALYNOLOGICAL STUDY IN LAKE KORONIA, (NC GREECE)
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This study investigates the palynological content of a sediment 
core taken from Koronia Lake (NC Greece). Grasslands, shrub-
lands, deciduous forests and reforestations are the main vegetation 
units of the surrounding mountains. In the lower altitudes (below 
200–300 m), the climate is thermo-Mediterranean. The vegetation 
(maquis) consists of evergreen and sclerophyllous Mediterranean 
species (mainly with Greek kermes oak Quercus coccifera). In the 
hilly relief (200–300 and 600–800 m), the climate is Mediterra-
nean sub-humid. The vegetation is thermophilous deciduous, 
mainly oak forests (Quercus frainetto and Q. pubescens) as well as 
stands dominated by chestnut (Castanea sativa). In the sub-moun-
tainous areas (600–700 and 1000 m), the climate can be character-
ized as continental. The vegetation in this zone is dominated by 
beech stands (Fagus sylvatica). The region can be characterised as 

rural with important agricultural and livestock activities spread all 
around. The preliminary results of this analysis, containing sev-
eral samples from the lower part of the core, are presented here, 
showing the strong presence of evergreen and deciduous oaks. In 
all depths analyzed a variable human pressure manifests itself as 
farming, olive groves and animal husbandry. The presence of char-
coals in all samples indicates management of vegetation through 
fire. Moreover, the appearance of several Pediastrum species and 
varieties – P. boryanum (var. boryanum, longicorne, brevicorne), P. 
simplex (var. simplex, sturmii, echinulatum, clathratum), P. duplex – as 
well as some other significant algae of the Zygnemataceae family 
(Zygema, Spyrogyra) and other non-pollen palynomorphs are also 
worth mentioning, owing to the essential numbers they come in.
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The best-known climate change in the middle part of the Holo-
cene is an abrupt cooling around 8200 cal. yrs BP (e.g. Bond et al., 
1997). However, on the European continent, many different re-
cords suggest that during climatic optimum of the Holocene not 
one, but several cold periods occurred in middle part of Holocene. 
 
The best example of this is our study, where research area is located 
in the transition zone between oceanic and continental climate 
in north-eastern Poland. It is the best place to study influence of 
climate changes on flora and fauna, because the natural environ-
ment is particularly sensitive to climate changes and very quickly 
responds to them. Therefore, on this area, thermophilous tree spe-
cies occur at their ecological tolerance limit so their abundance, 
regeneration, and pollen production are constrained by climate.

The multi-proxy data (pollen, diatoms, Cladocera, 14C) from the 
sediments of Lake Suchar Wielki (54°01’41” N, 23°03’21” E) rep-
resenting the period ca. 9250-5800 cal. BP have allowed the re-
construction of the influence of five Atlantic cold oscillations on 
terrestrial and aquatic environments, including the 8.2 ka event. 
These events were registered as a temporal increase in Pinus and/
or Betula representation and transient decrease proportion of 
Corylus and other thermophilic taxa   – their concentration and 

pollen percentage values. Pollen data were mostly confirmed by 
results of Cladocera and diatom analyses, suggesting different 
intensity of theses climate oscillations. The most pronounced 
cold climatic anomaly in our study was dated to 8700-7800 ka 
and lasted about 9 centuries. It is equated with the 8.2 ka event 
(Bond et al., 1997). Such a long duration of this oscillation is re-
corded quite rare in the literature. However, the climate proxy 
records of this oscillation in Europe and the world confirm that 
the duration of this event in different regions amounted from 
400 to 600 years (Rohling and Pälike 2005), This allows for very 
accurate tracing changes in vegetation and aquatic communities 
at this time precisely showing the complex nature of this cooling. 
 
References:

Bond, G., Showers, W., Cheseby, M., Lotti, R., Almasi, P., de Meno-
cal, P., Priore, P., Cullen, H., Hajdas, I., Bonani, G.,1997. A perva-
sive millenial-scale cycle in North Atlantic Holocene and glacial 
climates. Science 278, 1257–1266.

Rohling, E.J., Pälike, H., 2005. Centennial-scale climate cooling 
with a sudden cold around 8200 years ago. Nature 434, 975-979.
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An increasing need to better understand past wildfire expression, 
and especially its controls, has in the recent decades driven ex-
tensive research into the reconstruction of past wildfire regimes. 
The most commonly employed proxy for this purpose is charcoal, 
with fragments classified as microscopic (<100 μm) or macroscop-
ic (>100 μm) charcoal. Especially the latter is being widely used 
to reconstruct local wildfire frequency. However, to this day, no 
standardized laboratory method exists, despite the fact that char-
coal is especially fragile, meaning that variations in the laboratory 
process could potentially have a varying effect on charcoal frag-
mentation and, thus, the results obtained. This is because com-
monly used chemicals such as sodium hypochlorite or hydrogen 
peroxide might digest the less inert charcoal produced in low tem-
perature wildfires. Furthermore, deffloculation of sediments such 
as peat cannot be achieved with milder chemicals, and therefore 
might lead to extensive fragmentation through mechanical pres-
sure during the wet sieving process. A final issue that has also been 

overlooked is the effect abrupt lithological changes potentially 
have on charcoal accumulation, and, thus, on the comparability 
of charcoal values coming from different lithological units. For all 
these reasons, 12 contiguous sequences from Sluggan Bog, North-
ern Ireland, are analysed with a range of chemicals commonly 
used in paleofire research. The sequences partly span the Last Gla-
cial-Interglacial Transition (LGIT, c. 16 – 8 ka cal. BP) and exhibit 
the classic tripartite lithology with abrupt lithological changes 
commonly identified in sequences of NW Europe spanning that 
period. Cutting-edge techniques in image analysis are used to 
quantify the charcoal fragments obtained from each sequence 
and the results are compared to highlight potential biases arising 
from abrupt changes in lithology and the use of various chemi-
cals and sampling volumes. It is hoped that this will encourage 
further research in establishing a standardized technique for the 
extraction of macroscopic charcoal from sedimentary sequences.
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The potential of high mountain pollen records for quantitative cli-
mate reconstructions has been widely debated but seldom tested. 
We analyzed the pollen rain captured in 53 surface samples (moss-
es), in relation to July temperature, recorded along two altitudi-
nal training sets of the Western and Central Alps (respectively La 
Thuile Valley training set and Upper Brembana Valley training set), 
from the montane to the alpine vegetation belts.

The aim is to improve paleoecological and paleoclimate interpre-
tation and the challenges are the following: (1) to derive consis-
tent pollen-climate correlations, both collectively and individual-
ly in regions of the Alpine area bearing differences in local climates 
and intensity of human impact; (2) to find potential indicator taxa 
useful for paleoclimate reconstructions; (3) to estimate the effect 
of local parameters on the relationships linking pollen percentag-
es variations, elevation and climate and put forwards new hints 
for calibration of fossil sites; (4) to obtain quantitative climate re-
constructions for each plot of the two altitudinal training sets and 
compare the results with instrumental modelled data (Brunetti 
et al., 2012, 2014) and finally (5) to integrate the newly-obtained 
pollen spectra into a large, continental dataset of modern pollen 
samples (EMPD - European Modern Pollen Database; Davis et al., 

2013). The overall and individual pollen responses to July tempera-
ture were tested by canonical correspondence analysis (CCA), gen-
eralized linear regression (eHOF) and weighted averaging (WA). 
In order to obtain quantitative climate reconstructions for each 
plot of the two altitudinal training sets, an alpine calibration set 
of 234 modern pollen samples was selected from the EMPD. We 
paid special attention to valorize the potential indicator taxa 
maintaining the maximum taxonomical resolution, we kept Alnus 
distinguished in Alnus viridis and Alnus glutinosa/incana type, so 
the former calibration set has been reduced to 170 EMPD modern 
samples used for the second reconstruction. Transfer functions 
were derived by weighted averaging (WA) and weighted averaging 
partial least squares (WA-PLS) regressions. In each calibration set 
(234 and 170 EMPD sites), around 30% of the pollen taxa show 
a relationship with July temperature through monotonic or uni-
modal functions. The best transfer function obtained has a good 
statistical performance, as shown by the determination coefficient 
(r2 = 0.74). The correlation between pollen inferred climate recon-
structions and instrumental modelled data gives the opportunity 
to determine which model better reconstructs the climate of the 
two study areas.
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Kalavan Red Lake (N 40°39.254  ; E 45°08.773  ; 1912m a.s.l.) 
is located on the northern side of the Miapor mountain ridge 
(Armenia). The lake forms in a large landslide erosion zone north 
of Gora (peak) Dzhantapa (2427m). This mass movement of 
about 0.86 km² occurs thanks to combining water saturation in 
the substratum and slope steepness (average 24%). Accumulation 
zone created foldings and depressions today occupied by Kalavan 
Red lake and a mire eastward. 

Pollen and XRF analysis are provided on a 5 meters long core 
which covers the last 3800 years. Basal age of Kalavan sediment 
may approximate landslide age which produces a new, not vege-
tated slope, including the lake catchment. Erosion and sedimen-
tation processes brought at first coarse and heavy minerogenic 
elements, then erosion in the catchment decreased operating 
a shift in the sedimentation. Along the whole stratigraphy, it is 

noteworthy that arboreal pollen increases thanks to the increas-
ing rate of Quercus (oak), Carpinus orientalis (oriental hornbeam) 
and Fagus (beech). This afforestation took place on grass meadow 
while steppe meadow remains stable. Whereas oak development is 
known from Aparan valley in Armenia and may therefore relate to 
regional vegetation shift, beech, which is a known indicator of for-
est development climax stage, appears first as single stands at 1700 
cal. BP. Upward, two forested phases are observed. The last, starts 
700 years ago, is similar to today’s forest pollen signal (evidenced 
in moss pollen trap) both in composition and proportion.

This work shows a different pattern of vegetation succession com-
pare to interglacial succession and to primary succession. Two 
main characteristics here are the absence of pioneer stage and the 
time range for forest recolonisation which is operating during few 
millennia.
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RECONSTRUCTION OF VEGETATION AND PALAEOCLIMATE OF LATE GLACIAL AND 
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In the mountains of the Western Sayan ridge which represent a 
part of the Altai-Sayan mountain area and located to the south of 
Central Siberia east of the Yenisei River a sediments of mountain 
mire Yuzhno-Buibinsky have been investigated by spore-pollen 
and radiocarbon analysis. The resulting new spore-pollen dia-
gram from the peat-lacustrine sediments with a thickness of 6 m 
covers the Late Glacial and the Holocene time. Six radiocarbon 
dates showed that lake sedimentation began at 13160 cal. yrs BP. 
About 1000 cal. yrs BP it was replaced by peat accumulation. The 
spore-pollen diagram is clearly divided into 5 local spore-pollen 
zones (LSPZ), which is confirmed by cluster analysis. The first LSPZ 
-1 reflects the Late Glacial time. In the vegetation at this time, 
open steppe landscapes with groves of spruce-larch forest were 
common. The climate was relatively dry and sharp continental. 
The second LSPZ -2 reflects the early Holocene. Probably, consid-
erable humidification and warming of the climate during this pe-
riod caused the rapid spread of closed forests from Siberian cedar 

(Pinus sibirica) and fir (Abies sibirica). The third LSPZ -3 reflects the 
time of the Middle Holocene, namely, the Atlantic period. Paly-
nological data and quantitative paleoclimatic reconstructions say 
about a more humid and warmer climate compared to the modern 
one, when fir forest with the participation of Siberian cedar dom-
inated in the mountain forests of Western Sayan, and birch-pine 
forests spread in the foothills. The fourth LSPZ-4 reflects most of 
the late Holocene up to 1000 cal. yr BP. In the vegetation cover, 
the participation of fir sharply decreased and the areas covered by 
Siberian cedar increased, which indicates a cooling of the climate 
and a decrease in the amount of precipitation. The fifth LSPZ-5 
falls on the last millennium of peat sedimentation and reflects an 
unstable landscape-climatic situation, when Siberian cedar, pine 
and birch alternately dominated in the vegetation cover. The re-
search was supported by Russian Foundation for Basic Researches 
No. 17-55-52020/MHT_a. and Budget Research Theme of IMCES 
SB RAS.
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Here we present the first results of reconstructed climate variabil-
ity over the Late Glacial and the Holocene as inferred from new 
pollen records with high-temporal resolution from the Dessarete 
region in the southwestern Balkans. The Dessarete region compris-
es the lakes Prespa at 850 m asl, Ohrid at 693 m asl, and the former 
Lake Maliq at 822 m asl which have been in the spotlight of paleo-
environmental and paleovegetation research over the last decade. 
The climate of the study area is transitional between temperate 
and Mediterranean and previous studies have shown the sensitive 
response of the vegetation surrounding each lake to climate vari-
ability over several past climatic cycles. Although existing studies 
have inferred paleoclimate in the region by qualitative multi-
proxy means, such as geochemistry and bio-proxies (e.g. stable 
isotopes, biomarkers, pollen, diatoms, ostracods), so far, only one 
quantitative pollen-based climate reconstruction using the mod-
ern analogue technique (MAT) was published from Lake Maliq. 
In the present study, we use a new surface sample calibration set 
(comprising approximately 3600 sites with Eurasian distribution) 

including a total of 30 modern surface samples collected across 
an altitudinal transect within the Dessarete region. Mean annu-
al precipitation values reconstructed applying the MAT method 
are above the 400 mm/year threshold during the last 17000 years. 
These findings suggest that moisture availability was most likely 
not a limiting factor for tree growth and support the refugial char-
acter of the region. The Holocene is characterized by an estimated 
twofold increase of mean annual precipitation in comparison to 
the Older and Younger Dryas, when glacial conditions prevailed. 
Our findings based on the new high-resolution pollen data of Lake 
Ohrid and Lake Prespa are in good agreement with the estimated 
climate of Lake Maliq over the same interval. The integration of 
the Dessarete region surface samples has significantly improved 
the reconstructed precipitation and temperature values using the 
MAT method, especially for the Late Glacial when pines dominate 
the pollen spectra. Additional climate reconstruction methods 
will be applied to evaluate the robustness of the reconstructed cli-
matic variables.
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The characterization of modern pollen rain is the first step to un-
derstand pollen-vegetation-climate relationships. This training 
set is useful to improve the interpretation of fossil records when 
reconstructing past vegetation and climate dynamics.  The moun-
tains of Canary Islands display wide climatic gradients and an un-
usual double gradient, characterized by a thermal inversion above 
trade winds air mass. The first study of modern pollen rain placed 
along an elevation gradient (10-2250 m a.s.l.) across main Canari-
an vegetation types has been carried out in Tenerife (de Nascimen-
to et al., 2015). Here we present a new training set of modern pollen 
rain (collected from pollen traps, moss polsters and forest litter) 
and vegetation coupled with topographical and environmental 
proxies developed in Gran Canaria. We want to investigate the 
relationships between climatic, ecological (dung fungi and pol-
len-slide charcoal) and environmental (topography, fires, stocking 
rate and pedology) parameters and to permit a rating of ecological 
factors. 30 samples from 13 plots covering an altitudinal gradient 
of nearly 1800 meters are included in the training set. Whenever 

possible both a moss and a forest litter samples were collected for 
pollen analysis and a Behling-type pollen trap was installed, cou-
pled with vegetation surveys at different scales (2 and 10 m around 
the site). Climate normals (1971-2000) for each plot were obtained 
from the Climate Atlas of the Archipelagos of the Canary Islands, 
Madeira and the Azores (AEMET, 2012). Results from statistical 
multivariate analysis highlight a close relationship between pol-
len-spores-vegetation occurrences and climate parameters. Next 
step will be to compare and incorporate modern pollen data from 
both islands.

de Nascimento et al., 2015. Review of Palaeobotany and Palynolo-
gy 214: 27-39.

Climate Atlas of the Archipelagos of the Canary Islands, Madei-
ra and the Azores, 2012. Edita: Agencia Estatal de Meteorología   
Ministerio de Agricultura, Alimentación y Medio Ambiente, 2012, 
NIPO: 281-12-006-X.
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The general aim of this research was to reconstruct the vegetation 
of a supramontane vegetation zone on the Kubínska hoľa Mts. 
(Western Carpathians, northern part of Slovakia) during Holo-
cene. The reconstruction was based on the pollen analysis of one 
8 m long profile taken from peatland in the highest part (1 203 
m a.s.l.) of the studied locality. We also used a radiocarbon dat-
ing of 6 samples, LOI and pollen influx analysis. From the begin-
ning of peat accumulation (ca. 6000 cal. AD), the vegetation on 
the Kubínska hoľa Mts. was formed mostly by spruce forests with 
an admixture of pine. In this time the lower areas were covered by 
temperate deciduous trees such as elm and oak, whereas in high-
er areas linden and ash were also abundant. The middle Holocene 
was specific by an expansion of hazel into the open parts, but 
spruce was still prevalent. Spruce forest persisted also during the 
late Holocene. During that time a rapid increase in pollen of late 
successional trees (Abies, Fagus, Carpinus) was recorded and their 

expansion is synchronous with the first occurrence of secondary 
anthropogenic indicators (Plantago lanceolata, Rumex acetosa-type, 
Urtica). The youngest developmental stages were probably affected 
by human activities at all altitudes. Approximately from the 14th 
the composition of vegetation was affected by a significant defor-
estation due to the extension of the Wallachian colonization in 
the mountain areas. Later, in order to restore the natural forest veg-
etation in the higher altitudes, a deliberate planting of spruce and 
probably also mountain pine is visible from the pollen diagram.

Key words: the Holocene, the Kubínska hoľa Mts., reconstruc-
tion of the vegetation, spruce forest, human impact

Acknowledgement: Supported by the Slovak Academy of Science 
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We analysed sediments from the Crveni Potok mire, a key site in the 
Dinaric Alps because it is located within the restricted distribution 
range of the endemic conifer Picea omorika (Serbian spruce), and 
thereby bears a unique potential in revealing its Holocene history. 
We used a set of proxies (pollen, plant-macrofossils, charcoal) to 
reconstruct the long-term vegetation and fire histories at different 
spatial scales. The comprehensive snapshot provided by the recon-
structions fill an important gap of European long-term vegetation 
and fire histories in the overall data-coverage poor region of the 
Dinaric Alps. The reconstructions unfolded an unusual late-Holo-

cene persistence of high forest cover that contrasts with the large 
majority of European landscape-scale forest-cover records, which 
show massive anthropogenic land-cover changes in the past few 
millennia. We also found evidence for good post-fire recovery of 
the currently threatened endemic P. omorika populations. This 
leads us to suggest that prescribed-burning programmes may be 
beneficial to reduce the vulnerability of the species, and for eco-
logical restoration and conservation purposes of the declining and 
endangered populations.
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Numerous studies have shown that fossil faeces (coprolites) may 
contain well-preserved palynomorphs, phytoliths, cuticles, and 
other plant remains. Such remains may derive from ingestion of 
plants directly (as a source of food or swallowed during predation), 
from ingestion of herbivores by carnivores, or from water, airborne 
spores, pollen or plant litter that adhered to fresh, moist faeces be-
fore being buried. Organic residues of four large, elongated and 
phosphatic-rich coprolites collected from the Upper Triassic of 
Lisowice (Silesia, Poland) were studied in detail. The geochemical 
composition, general shape and size, and numerous bone inclu-
sions of these specimens indicate that a large-sized carnivore such 
as Smok wawelski (known from the site from bone material) was the 
most likely coprolite producer. One characteristic feature of all the 
coprolites studied is the presence of highly fragmented or small 

plant elements. The recovered plant remains were grouped into 
three main types: 1) plant cuticles; 2) spores and pollen grains; 
and 3) black, opaque organic particles. It is possible that S. wawels-
ki occasionally ingested plant fragments or accidentally swallowed 
plant material during feeding. The large carnivore coprolite spec-
imens from Lisowice preserve an additional source of data about 
the local vegetation and environment in which S. wawelski lived 
and hunted.

The study was financed by funds from the National Science Cen-
tre, Poland (no. DEC-2017/25/B/ST10/01273) and by the W. Szafer 
Institute of Botany, Polish Academy of Sciences, though its statu-
tory funds.
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The Grojec clays (southern Poland) contain a very well known 
Middle Jurassic flora studied and described by Raciborski (1894). 
It consists of numerous species of ferns, horsetails, seed ferns, 
cycads and bennettites. One new species, Ctenis potockii, was as-
cribed by him to ferns due to dense “sporangia” on the abaxial 
surface of the leaf blades. However, the shape of the leaf and its 
venation are undoubtedly of the cycad type. Because these spo-
rangia–like forms are preserved as casts, their detailed structure 
is unknown, but their distribution between the veins, density, 
arrangement, ornamentation and shape suggest they are of ani-
mal track origins. The structures show a certain similarity to insect 
ovipositional scars or eggs, insect-galls and remains of Coccoidea. 
A detailed study shows some slight differentiation between partic-
ular tracks in relation to size (smaller and larger structures), fine 
ornamentation and orientation of bodies. These morphologi-
cal characteristics are comparable to females and larval forms of 

scale insects. The mentioned forms of Coccoidea are rare in the 
fossil record, and usually, they are detected in younger strata 
and only on angiosperm leaves. Most often, starting from Creta-
ceous and preserved in amber, it is the male forms that are found.  
Due to the poor preservation, the unambiguous confirmation 
that the structures are of the scale insect origin is impossible.
Because of the new type of structures, host plant and significant 
differences from other known forms, a new taxon is proposed. 
The study was financed by the W. Szafer Institute of Botany Pol-
ish Academy of Sciences, through its statutory funds and funds for 
young researchers (A. Jarzynka 2012).

References: Raciborski M., 1894. Flora kopalna ogniotrwałych 
glinek krakowskich. Część I. Rodniowce (Archaegoniatae). Pamięt-
nik matematyczno-przyrodniczy Akademii Umiejętności 18: 
1–101 (in Polish).
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The fossil flora from the uppermost Triassic and Lower Jurassic stra-
ta of Upper Franconia (Bavaria, Germany), more widely known as 
the “Rhaeto-Liassic flora” of Upper Franconia, has received consid-
erable scholarly attention in the last decade. Most of the outcrops 
include Hettangian (Lower Jurassic) sediments and are spread in a 
wide area around the towns of Bayreuth and Nuremberg. At a few 
localities around the town of Coburg, however, purely Rhaetian 
(Upper Triassic) sediments crop out. Systematic sampling in one 
of these Rhaetian localities, a quarry near the village of Wüsten-
welsberg, resulted in the recognition of over 40 different species of 
fossil plants, representing a much higher diversity than is known 
from adjacent outcrops. The flora is exceptionally well preserved 
and the specimens in most cases allow to obtain excellently pre-
served plant cuticles for the study of the plants’ epidermal anat-
omy. In the flora, we have so far recognised leaves of bennettites, 
cycads and seed ferns, leafy twigs of conifers, fronds of ferns, 
vegetative shoots of sphenophytes and very delicate fertile shoot 
fragments of lycophytes. Among the seed ferns, notable are Lepi-

dopteris ottonis, which is found together with its male inflorescence 
Antevsia zeilleri, a few fragments and seeds of its female fructifica-
tion Peltaspermum rotula, and the male reproductive structure Hy-
dropterangium roesleri with associated seeds, possibly belonging to 
one of the Ptilozamites species. Besides, leaf portions assignable to 
Pachypteris, Rhaphidopteris and Ptilozamites were identified. The 
cycads are represented by numerous leaves and portions of leaves 
recognised as Nilssonia pterophylloides, Doratophyllum astartensis, 
Ctenis latepinnata, and Pseudoctenis florinii and Pseudoctenis cteni-
forme. If the flora from Wüstenwelsberg is compared with adjacent 
Rhaetian floras, distinct local differences in the composition of the 
seed fern and cycad representatives are revealed. These are most 
likely caused by different local palaeo-micro-terrains generating 
different habitats, in which only plants thrived that had the re-
spective adaptations to the local environmental conditions to fill 
the present ecological niches. The plants’ mechanisms and pat-
tern of dispersal might also have played a major role.

P057

A COMPARISON OF THE NORTH AMERICAN AND EUROPEAN CARNIAN AND NORIAN 
PALYNOFLORAS

Viktória Baranyi, Wolfram M. Kürschner 
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A significant floral turnover recorded in the middle of the Chinle 
Formation (SW North America) in western equatorial Pangea was 
previously linked to the termination of the Carnian Pluvial Epi-
sode, a wet climate phase in the middle Carnian, and a return to 
drier climate as seen in Europe in the Tuvalian. Many age-diagnos-
tic species from the European Carnian e.g., Camerosporites secatus, 
Duplicisporites, Lagenella martinii and Brodispora striata which have 
their last occurrence in the Tuvalian in Europe, are still present in 
the lower Chinle Formation which formed the basis for the Car-
nian-Norian age assignment of the Chinle. However, new mag-
netostratigraphy and radiometric dating suggested middle to late 
Norian age. The “final” disappearance of the European taxa is now 
linked to a gradual shift towards drier climate known as the Mid 
Norian Climate Shift in SW Pangea due to the northward migra-
tion of the North American continent and the uplift of the Cordil-
leran Arc. Recently, Perinopollenites elatoides has been observed in 
the middle part of the Chinle. So far, it is the only species with an 
occurrence in agreement with the European range of the species 
with first appearance date in the mid Norian.

Further difference is the scarcity of the Circumpolles in the Nori-
an palynofloras of the Chinle. The group, especially Classopollis is 

predominant in European Norian assemblages, but they are un-
common in North America until the Rhaetian.

The differences between North American and European palyno-
floras are mainly manifested in the diachronous stratigraphical 
ranges of the index taxa which track primarily environmental 
variations and not biostratigraphical events (Lindström et al. 
2016). The heterogeneity of Late Triassic macro- and palynoflor-
as of the Northern Hemisphere is the consequence of the various 
climate and environments (e.g., topography) on Pangea. This dif-
ference between palynofloras may be the result of the generally 
hot and semi-arid climate in the inner part of Pangea and western 
Tethyan realm, while a seasonally more humid tropical belt in the 
SW Pangea perhaps provided a favourbale habitat for the parent 
plants of the “typical Carnian” taxa until the mid Norian.

Lindström, S., Irmis, R.B., Whiteside, J.H., Smith, N.S., Nesbitt, S.J., 
and Turner, A.H.. 2016, Palynology of the upper Chinle Formation 
in northern New Mexico, U.S.A.: implications for biostratigraphy 
and terrestrial ecosystem change during the Late Triassic (Norian–
Rhaetian): Rev.of.Palaeobot.Palynology, 225, 106–131.
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FERNS FROM THE FAMILY MATONIACEAE WITH IN SITU SPORES FROM JURASSIC 
GROJEC CLAYS NEAR CRACOW (POLAND)
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Spores in situ were obtained by maceration of coalified fragments 
of pinnules with sporangia from two fern leaf fragments, of mato-
niacean gross morphology, found at Grojec near Cracow (south-
ern Poland). One of them was described by Raciborski (1894) as 
Laccopteris phlippsii Zigno, and the second by Reymanówna (1963) 
as Phlebopteris angustiloba Presl (Hirmer et Hoerhammer). These 
specimens are probably conspecific and may belong to Matonid-
ium goepperti (Ettinghausen) Harris. Spores in situ were described 
and illustrated earlier by Reymanówna (1963) from Phlebopteris 
angustiloba, and spores from Laccopteris phlippsii are described and 
illustrated for the first time by the authors. Observations by opti-
cal microscopy and SEM were made. The spores are trilete and tri-
angular in equatorial outline, with rounded apices and kyrtomes 
(interradial thickenings). These spores are very similar to fossil 
(Late Triassic to Early Cretaceous) and extant matoniaceous spores 
described by Van Konijnenburg-van Cittert (1993) and Van Koni-
jnenburg-van Cittert and Kurmann (1994). Matoniaceae grow un-
der wet and warm conditions; this type of habitat probably pre-
vailed during the Jurassic at Grojec.

The study was financed by funds from the National Science Cen-

tre, Poland (no. 2017/25/B/ST10/01273) and by the W. Szafer Insti-
tute of Botany, Polish Academy of Sciences, though its statutory 
funds.
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Numerous well-preserved plant remains have been discovered in 
the Upper Cretaceous Ajka Coal Formation (Bakony Mts., Hun-
gary). The Ajka Coal Fm. is built up of alternating brown coal, 
marl, sand and sandstone beds with grey to brownish colored, 
carbonaceous to argillaceous pelitic sediments, and interbedded 
mollusc-lumachelle layers. Its structure represents a lacustrine-pa-
lustrine sequence. The studied plant material was retrieved from 
drilling cores and a trial trench. The material is rich in Salviniales 
and Isoetales-related macrospores, and in Munieria-related green 
algae fossils. Also a high number of Costatheca and Spermatites fos-
sils have been found, which groups are taxonomically interesting 
and their Regnum level affinity is still questionable. We studied 
the mesofossil content of the samples and cores using multivari-
ate analytical methods to outline the palaeoenvironment of the 

area. The mesofossils from the Ajka Coal Fm. refer to a continuous 
water surface, i.e. to a lake and a lakeside swamp environment in 
the area of Káptalanfa. The material was compared to those from 
the nearby Iharkút locality. Iharkút is dominated by Normapolles 
and Magnoliaceae-related fruits. The Normapolles-related fruits 
gradually vanish from the samples in S-SW direction from Iharkút.

The project has been implemented with the support provided 
from the National Research, Development and Innovation Fund 
of Hungary, financed under the PD-124971; FK-125198; K-116665 
funding scheme.   The studies were financially supported by the 
MFGI (Geological and Geophysical Institute of Hungary) 11.1 
project between 2012 and 2017, later by the MBFSZ (Mining and 
Geological Survey of Hungary).
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At the end of the nineteenth century, numerous fossiliferous beds 
have been identified in the Wealden facieses (Barremian–Aptian, 
Cretaceous) of Belgium. These notably contain the famous Iguan-
odons of Bernissart but also several thousand fishes that are pres-
ently under study. Plant remains have been collected as well and 
include fragments ranging from dispersed micro- and meso-fossils 
up to plurimetric trunks. Among these, hundreds of pinaceous 
cones have been collected. The latter, charcoalified, show a pris-
tine preservation of the anatomical details and of the original 

three-dimensional organisation. Diversified, they represent a ma-
jor source of information concerning that key period in the evo-
lution of continental environments marked by the rise of angio-
sperms and the diversification of pinaceous conifers. In this study 
we quantitatively reinvestigated these cones in order to precisely 
characterize their diversity. We further focused our investigation 
on several key taxa in order to precisely determine their different 
ontogenic stages.      
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In the 1980s several late Permian conifer taxa have been described 
based on well-preserved cuticle remains from northern Italy. Re-
cently, a new macrofossil horizon was described from the same 
area and coeval with the cuticle assemblage. This new flora includ-
ed a rich assemblage of gymnosperm and spore plants (e.g. seed 
ferns, putative cycadophytes, ginkgophytes and sphenophytes). 
Approximately 40% of the gymnosperm-dominated floral assem-
blage is represented by well-preserved conifer leaves and shoots 
with cuticles. By combining plant macrofossils with their pre-
served cuticles, these new finds have the potential to elucidate the 
gross morphology of conifers that were hitherto only known from 

small remains and/or dispersed cuticles. In this study, we will fo-
cus on an integrated analysis of macrofossil remains and cuticles 
from the newly discovered locality. Three aspects will be empha-
sized, that together will shed light on voltzian conifer morpholo-
gy and taxonomy: (1) quantitative comparison and classification 
of epidermal cell patterns in the cuticle material of identified 
macrofossils with previously described taxa from the same area; 
(2) assess which quantitative characters and their frequency dis-
tribution best separate existing taxa using multivariate statistics; 
and (3) re-evaluate existing conifer taxonomy based on preserved 
cuticles alone.
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PONTINE PLAIN AND THE FONDI BASIN, SOUTHERN LAZIO, CENTRAL ITALY
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The major Early Bronze Age eruption of the Monte Somma Vesu-
vius (1995+-10 BC) must have had an enormous impact on the 
landscape and inhabitants of the Campania region. The so-called 
Avellino (AV) eruption buried the early Bronze Age landscape to 
the north and south of the volcano in a deep layer of volcanic 
ash. However, a small initial eruption had probably allowed the 
population to flee the area before this devastating event, head-
ing inland rather than towards the sea. A multi-disciplinary re-
search involving geology, palaeoaeobotany and archaeology 
has been set up to unravel the project’s hypothesis, that a sig-
nificant percentage of the refugees must have decided to reset-
tle in the nearest coastal plains to the north - the Pontine Plain 
and Fondi Basin of South Lazio, and that we should therefore be 
able to prove this by tracing the ecological, demographic and 

cultural impacts that this immigrant population must have had. 
The palaeobotanical research has focused on reconstructing the 
vegetation in this area before and after the AV eruption, to de-
tect the environmental impacts that should have been brought 
about by the influx of possible immigrants from Campania.  
High quality profiles of five locations in Pontine plain and the 
Fondi basin have been chosen to carry out palynological research 
for a regional vegetation reconstruction. In addition, macro bo-
tanical research has been conducted in four of these case stud-
ies, to provide information on the local vegetation and environ-
ment around the profile locations. The distal ash from the AV is 
present in the sediments of the Pontine plain and the Fondi ba-
sin and this lithological horizon acts as a stratigraphic marker. 
Furthermore, where possible plant macrofossils from terrestrial 
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plants were extracted to obtain accurate radiocarbon dates al-
lowing the construction of a precise chronology for the profiles.  
With the project about to reach its end, this paper will present a 

detailed overview of the palaeobotanical investigation, that al-
lowed the reconstruction of the Bronze Age landscape in the Pon-
tine plain and the Fondi basin.
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Studying long-term dynamic of critically endangered species, 
such as quillworts (Isoëtes lacustris, Isoëtes echinospora) is crucial for 
maintaining biodiversity and developing management strategies 
that preserves their natural habitat. Local quillwort populations 
have slowly diminished since the Last Ice Age and are thus con-
sidered endangered in many European countries. Based on direct 
observation and field experiments, many recent ecological studies 
have proposed several hypothetical causes of the decline in quill-
wort populations across Europe. Unfortunately, long-term studies 
investigating quillwort dynamics from the Holocene are rare. The 
aim of this study is to reconstruct postglacial dynamics of quill-
wort populations using a multi-proxy approach including plant 
macrofossils, pollen, diatoms, and geochemistry to investigate 
the long-term occurrence of, and drivers related to their recent 

extinction in Prášilské lake, Bohemian Forest. Our preliminary re-
sults show that quillwort have persisted but with high variation 
in Prášilské lake since 10400 cal yr BP. Around 4000 cal yr BP, there 
was a substantial decline in quillwort microspore and macrospore 
concentrations. This trend seems to be connected with a shift to 
more eutrophic status of water chemistry as supported by changes 
in diatom assemblages. Unfortunately, in 1969 the species became 
extinct locally. While these results are preliminary, the results of 
this long-term record could serve as a useful template for manage-
ment towards implementing strategies that will preserve their nat-
ural habitat.                                        
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Alkaline spring-fed fens belong to the rare group of fens supplied 
with groundwaters of distinct flow rich in calcium carbonate. 
What is characteristic for such objects and was observed by several 
authors (Miner and Ketterling 2003; Mazurek et al. 2014), this is al-
ternately occurrence of peat and calcareous tufa layers, often with 
distinct periodicity.

Because of their continuous peat-tufa record of carbonate-biogen-
ic deposition these beds are excellent for detailed palaeoenviron-
mental studies (Dobrowolski et al. 2002; Mazurek et al. 2014). One 
of the possible method is analysis of plant macrofossils which is 
useful for reconstructions of subfossil vegetation.

Our study was conducted on Western Pomerania, N Poland, in 
the vicinity of Bobolice. The core of peat-tufa deposits of 800 cm 
long,   as representative for whole spring-fed fen, was collected 
with Eijkelkamp drilling for the plant macrofossil analysis. Sed-
iment core was divided into segments of 5 cm. Altogether 140 
samples of peat and travertine calcareous tufa were analyzed un-
der light microscope to recognize vegetative macroscopic plant 
remains. Several samples were dated by radiocarbon method for 
age determining.

In Bobolice site plant remains of 21 plant taxa were recognized. 
Quantitative representation of major plant types was as follow: 
trees and shrubs – 3 taxa, herbs – 6, peat-mosses – 3, brown mosses 

– 7, pteridophytes – 2. Altogether 10 plant macrofossil zones was 
described. While during mire history 6 developmental stages were 
present. The first stage is connected with Younger Dryas (10910-
10135 cal. BC), when on the strongly hydrated sands vegetation 
occurred, probably sedge communities. Spring-fed fen was young-
er, because its appearance was noted during the beginning of the 
Boreal period. Vegetation was then represented by sedge-brown 
moss and sedge with Cladium mariscus communities. In the last, 
contemporary stage of development strong anthropopressure was 
noted, what means use of mire as meadow and pasture.   
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A MODERN POLLEN DATASET FROM THE NORTH SIKKIM AREA, EASTERN HIMALAYA: 
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Efficacy of the modern pollen assemblages to differentiate among 
elevationally stratified   vegetation zones is assessed from the 
north Sikkim, eastern Himalaya, in order to understand their po-
tential for past vegetation reconstructions. Thirty six surface sam-
ples from three climatologically sensitive and important glaciated 
(alpine) valleys of north Sikkim, Himalaya comprising of alpine 
thicket (3500− 4500 m a.s.l.), alpine scrub (4000−4500 m a.s.l.) 
and alpine barren (4500−5500 m a.s.l.) vegetation belts have been 
collected for modern pollen analysis. Pollen spectra from Lashar 
valley with an elevation of ~4717m a.s.l. reveal highest pollen 
frequency of non arboreal such as Aconitum followed by Poaceae, 
Caryophyllaceae, Tubuliflorae. Arboreal taxa are represented by 
Alnus, Quercus and Carpinus. Conifers make their appearance as 
extra-local elements and are moderately represented in the pol-
len rain suggesting up-slope pollen transport from nearby alpine 
thicket. However, the pollen spectra from Chopta valley (~3990 m 
a.s.l.) shows over- representation of extra-local conifer taxa such as 
Pinus that can be attributed to its high productivity, good dispersal 
efficiency and preservation. Other arboreal taxa viz., Abies, Picea, 

Juniperus, Betula, Quercus and Salix are moderately and sporadically 
represented in the pollen spectra and might be coming from the 
nearby sub-alpine or dry temperate forests suggesting an upslope 
wind activity. Thus, the study from Lashar and Chopta (closed) 
glaciated alpine valleys show relatively higher frequencies of arbo-
reals over the non-arboreals. While, surface samples from alpine 
barren belts exhibit high frequency of non-arboreals over arbo-
reals. Herbaceous taxa like Poaceae, Tubuliflorae, Liguliflorae, and 
Aconitum are well represented while the tree taxa viz. Alnus shows 
highest frequency in this area. This study strengthens the fact that 
pollen spectra can reliably identify the stratified vegetation belts 
along the rising elevation. A minor disequilibrium between pol-
len-vegetation relationships may be attributed to the pollen pro-
duction, preservation potential and wind transport and should be 
taken into consideration while interpreting regional fossil pollen 
spectra.

Keywords:   Pollen spectra; glaciated valleys; North Sikkim; 
Himalaya;
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Palynological and plant macrofossil analyses performed on a 538 
cm long clay, lake marl, gyttja and peat stratigraphy at “Gerlham-
er Moor” (Salzkammergut, Upper Austria) northwest of Lake At-
tersee allowed the reconstruction of the past regional flora, veg-
etation and landscape development (including fire history). The 
results obtained were compared to local archaeological evidence, 
especially to the presence of prehistoric human lake-dwelling so-
cieties applying their agricultural sustainability systems during 
the Neolithic and Bronze Periods (ca. 5500–800 BC) at nearby 
Lake Attersee and in the surroundings of our study site. Recurrent 
sedimentological changes within the former lake stratigraphy as 
well as  rapid increases in organic matters and distinct variations 

in chemical element distribution measured by X-ray Fluorescence 
(XRF) core scanning analyses do hint at past lake level variations. 
In this context, seed remains of thermophilic water plants such 
as from the bushy pondweed Najas flexilis, also implied changing 
lake water levels due to regional to global climatic changes. Giv-
en, that Najas flexilis belongs to the extinct aquatic plant species 
in Austria and to the highly endangered red-list plant species in 
Europe, this study highlights the ecological parameters necessary 
for its growth during the Holocene, and before local extinction, 
which in turn may be of relevance to nature conservation issues 
and possible intentional planting of this water plant for protec-
tion purposes in the future.
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Cape Tsvetkov section is one of the most important key sections to 
study Middle Triassic paleontology and stratigraphy in the North-
ern Middle Siberia and for the calibration of palynological data 
with detailed ammonoid scales. Detailed ammonoid zonation of 
the Middle Triassic was presented by A.S. Dagys and A.G. Konstan-
tinov (Dagys, 2001; Dagys et al., 1991, Dagys&Konstantinov, 1992, 
1995; Konstantinov, 2015). The Middle Triassic includes Morzho-
vaya (Lower-Middle Anisian) and Kul’dima (Upper Anisian-Ladin-
ian) formations. The main part of Kul’dima formation is referred 
to the Ladinian stage. The lowermost part of the Ladinian is con-
ditionally assigned to the Eonathorstites oleshkoi and Tsvetko-
vites constantis Zones by the stratigraphic position. Tsvetkovites 
neraensis, Indigirites krugi, Nathorstites maclearni Zones are dis-
tinguished in the overlying beds. The lower boundaries of Zones 
are determined by the FAD of index-species. The upper boundary 
of maclearni Zone is conditional because N. maclearni Tozer is es-
tablished at a single stratigraphic level. The overlying part of the 
formation is missing age conclusive faunal evidence. Based on 
palynological study a general palynological characteristic of the 
Ladinian interval was presented (Krugovykh&Mogutcheva, 2000). 
The revision of palynological data allow to distinguish three new 
palynological levels (PL) calibrated by ammonoid scale on the base 
of the consecutive FAD of stratigraphically important species of 
miospores. Generally the composition of Ladinian palynoflora in 

the studied section is very close to those in the Boreal realm (Ily-
ina, 2001; Vigran et al., 2014 and cited literature). PL 1 corresponds 
to undivided oleshkoi and constantis Zones and marked by FAD 
of pollen Echinitosporites iliacoides and Camerosporites pseudoverru-
catus.

PL 2 is characteristic for neraensis Zone and is determined by FAD 
of pollen Lunatisporites rhaeticus and Pseudenzonalasporites sp. 
PL 3 corresponds to krugi Zone and is marked by FAD of pollen 
Patinasporites densus and spores Tigrisporites halleinis and Kyrto-
misporis speciosus. Palynological associations from the overlying 
undated interval show the consecutive FAD upward the section for 
the following species: Heliosaccus dimorphus, Pseudenzonalaspo-
rites summus, Enzonalasporites sp., Tsugaepollenites cf. pseudo-
massulae, Kraeuselisporites cooksonae. Palynological associations 
of these levels were compared to other palynological zonations 
for the Southern Alps and Barents region. It should be noted the 
oldest record some of the species such as C. pseudoverrucatus, P. 
densus, P. summus, K. speciosus in the Boreal sections.

The research was supported by Program of UB RAS, project No 12-
Y-5-1019, project NIR IX.126.1.3 and by Complex Program of SB 
RAS II. 2p “Integration and development”.
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Terrestrial floras underwent important changes during the Lo-
pingian (late Permian), Early Triassic, and Middle Triassic, i.e., be-
fore, during, and after the end-Permian mass extinction. An accu-
rate account of these developments requires reliable correlation. 
Macrofossils of land plants can only provide a low-resolution bio-
stratigraphy, while detailed zonation schemes based on palyno-
morphs are available for many regions. Their applicability is still 
limited due to several factors, such as (micro-) floral provincialism, 
a lack of suitable marker taxa commonly occurring at important 
boundaries, and in many cases a lack of independent age control. 
Nevertheless, these palynostratigraphic schemes are regularly 
used for dating and correlation of successions between different 
regions. To support such efforts, the biozonation schemes based 
on palynomorphs from the Lopingian up to and including the 
Middle Triassic from across the world are summarized and revised. 

Thus, a consistent correlation of palynostratigraphic schemes 
with the currently recognized international stages is established, 
but not all chronostratigraphic stages are equally well aligned with 
palynozones. The bases of the Wuchiapingian and Changhsingian 
are rather indistinct with respect to palynology. The Permian–Tri-
assic boundary by itself is also not always recognizable, but the 
latest Permian is marked by important changes in palynofloras, 
which are reflected in palynozones. Spores and pollen might be 
useful as approximate indicators of the Induan–Olenekian bound-
ary in several regions, but this boundary is not yet defined by a 
GSSP, and useful palynostratigraphic data is currently only avail-
able from one of the candidate sections (Nammal Gorge, Paki-
stan). In contrast to the Lopingian and Early Triassic stages, the 
bases of the Anisian, Ladinian, and Carnian are palynostratigraph-
ically distinct in many regions.
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NEW DINOFLAGELLATE CYST SPECIES FROM THE BATHONIAN-KIMMERIDGIAN OF THE 
LAMINARIA HIGH, BONAPARTE BASIN, NORTH WEST SHELF, AUSTRALIA.
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The Late Jurassic strata of the North West Shelf (NWS) of Austra-
lia contain numerous world-class oil and gas fields and are still 
currently the focus of significant investment from major inter-
national oil companies. This study investigates the geographic 
and stratigraphic range of new and informal dinoflagellate cyst 
species, Bathonian-Kimmeridgian (Middle-Late Jurassic) in age, 
from cored intervals of the Alaria-1 and Laminaria-2 wells of the 
Laminaria High, and the Elm-1 and Taltarni-1  wells of the Vulcan 
Sub-basin, Bonaparte Basin, NWS, Australia. 16 biostratigraphical-
ly significant species previously described from the NWS of Austra-
lia were imaged using SEM and 9 new/informal dinoflagellate cyst 
species with marker potential are herein formally described. Third 
generation FIB/SEM imaging was used to produce cross-sections to 
investigate the wall structure of several of these species.

High resolution palynological counts were used to identify new 
biostratigraphic events with marker potential, and determine the 
applicability of other informal events identified from Northern 
Carnarvon Basin of the NWS. Preliminary results indicate that 
most informal events are present across the various basins of the 
NWS, with only a small number of events observed to have signifi-
cantly different stratigraphic ranges across this region. This study 
refines the biostratigraphic resolution of the current Mesozoic Di-
nocyst Zonation of the NWS (Partridge et. al. 2006).

This work represents the results of a PhD project aiming to refine 
the biostratigraphic zonation of the Wanea indotata-Dingodinium 
swanense dinoflagelalte cyst zones of the Bonaparte Basin.

P103

PALYNOSTRATIGRAPHY FROM THE LOWER CRETACEOUS PEÑAFERRUZ FORMATION, 
SAN PEDRO DE ANTROMERO BEACH (NW IBERIAN PENINSULA).

Iván Rodríguez-Barreiro1, Uxue Villanueva-Amadoz2, Artai Santos1, Jose Bienvenido Diez1 
1Departamento de Xeociencias Mariñas e Ordenación do Territorio, Universidade de Vigo, 36200, Vigo, Spain. 2Estación 

Regional del Noroeste (ERNO), Instituto de Geología, Universidad Nacional Autónoma de Mexico (UNAM), 83000, 
Hermosillo, Mexico 

This study aims to provide the age of the Peñaferruz Formation, 
as the exact age of this unit has not been resolved hitherto, as well 
as give comprehensive palaeoclimatic and palaeoenvironmental 
information.

The study area is located in the Asturian coast of Spain, at San Pe-
dro de Antromero Beach. Here, the Lower Cretaceous deposits (the 
Peñaferruz and Antromero formations) are overlying the Carbon-
iferous flysch (González-Fernández et al., 2004). The Peñaferruz 
Fm. corresponds to a fluvial-deltaic depositional system with three 
well-differentiated depositional units: braided channel infills, 
delta plain and prodelta. The overlying marine unit corresponds 
to the Aptian Antromero Fm. (Alonso-García and Bahamonde, 
2006).

Ramírez del Pozo (1969) suggested an Early Cretaceous age (pre-Ap-
tian) for this formation and Sánchez de la Torre (1982) attributed it 
to the Barremian. Dragastan (1982), by its algal content, dated the 
deposit from San Pedro de Antromero Beach (including the Peña-
ferruz and Antromero formations) as early Aptian-early Albian. 
González-Fernández et al. (2004), suggested a Barremian age, by 
its stratigraphic location, which could reach an early Aptian age.

An Aptian age is suggested by the presence of Cicatricosisporites ber-
ouensis, Ephedripites dudarensis and Reticulisporites semireticulatus. 
This age assignment implies a new relationship between Peñafer-
ruz and Antromero formations, being the Peñaferruz Fm. younger 
than previously thought. Both formations could be contempora-
neous, at least at the San Pedro de Antromero Beach section.

This palynological assemblage is the first studied in the Early 
Cretaceous deposits of the Mesozoic Asturian Basin. It indicates 

a tropical/subtropical climate and a humid continental environ-
ment with a marine influence, correlating with the lateral change 
of facies between continental and marine formations.
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Because of the predominant continental nature of the Lower Cre-
taceous Pre-salt series of Western Africa and South America, their 
calibration and correlation with the standard international strati-
graphic chart is difficult and the arguments for the equivalences 
are poor. The chronostratigraphic characterization of the Congo 
and Gabon biozonation is supported by a few correlations based 
on sporomorph occurrences in time-equivalent marine sediments 
elsewhere (Grosdidier et al., 1996). One point that needs to be 
clarified is the position of the Barremian-Aptian boundary. Up to 
now the index species used to characterize the boundary are cal-
ibrated in a few localities of Northern Africa and South America, 
sometimes some discrepancies exist about their first or last oc-
currences. The genus Afropollis, for example, has been recorded in 
foraminifera-dated sediments of Algeria and Senegal and has been 
considered to be not older than early Aptian in age (Doyle, 1992). 
However, some additional studies revealed its existence near below 
the Barremian-Aptian boundary in Morocco, Libya, Brazil, and En-
gland.

The aim of this study is to review the palynological evolution con-
tent across the Barremian-Aptian boundary in some marine series 
of the Tethyan realm. The overlap in the distribution of Laurasian 
and Gondwanian elements in these localities assures stepwise cor-
relations with Congo, Gabon (Doyle, 1992).

A database of sporomorph occurrences and their calibration with 

marine microfossils (i.e. forams, dinoflagellate cysts) is realized 
in this study. The database includes outcrop and well data from 
Northern Africa (i.e. Egypt, Algeria, Morocco), South America 
(Brazil), and Europe (i.e. Italy, Portugal, Spain, France). The ob-
jective is to identify some calibrated key taxa to characterize the 
Barremian/Aptian boundary and to check the stratigraphic distri-
bution of the species already used to identify that boundary (e.g. 
Afropollis).

The database could also reveal a latitudinal control in the distribu-
tion of some key taxa, a provincialism that is important to under-
stand in order to select the most helpful species for intercontinen-
tal correlations.

References

Doyle J.A., 1992: Revised palynological correlations of the lower 
Potomac Group (USA) and the Cocobeach sequence of Gabon 
(Barremian-Aptian). Cretaceous Research, 13, 337-349.

Grosdidier, E., Braccini, E., Dupont, G., Moron, J.-M., 1996: Biozo-
nation du Crétacé inférieur non marin des bassins du Gabon et du 
Congo. Géologie de l’Afrique et de l’Atlantique Sud: Actes Collo-
ques Angers, 67-82.

P107
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X-ray computed tomography has seen an enormous rise in popu-
larity in recent years. As resolution rapidly improves, and thereby 
enables visualizations at microscopic levels, Micro-CT becomes a 
competitive technique for micro-palaeontological studies. Com-
pared to other available approaches for studying bioerosion on 
such small scales, Micro-CT has distinct advantages in its non-de-
structive approach, ability to examine studied objects from surface 
and under-surface views, along multiple axes, and even the ability 
to study sediment-filled fossil borings. The aim of this study is to 
demonstrate a non-destructive approach on bioerosion analysis 
of benthic foraminifera. The sample material originated from the 

Mediterranean (NW Crete), from a depth of around two meters. 
Specimens used for scanning were approximately 500 µm in larg-
est diameter, with boring traces ranging from 8 µm to 2 µm. The 
diameter of boring structures that can be effectively visualized by 
micro-tomography starts at about 2 µm. The study was conduct-
ed using our Bruker SkyScan 1172 X-ray micro-tomograph, with 
effective pixel size of 0.54 µm. The supplied NRecon software was 
used for reconstruction, and photographs were created using Avi-
zo 9.1.1 software. Preliminary scanning via electron microscope 
(SEM) was employed in order to select samples best-suited for X-ray 
micro-tomography.
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BASAL ANGIOSPERMS AND ANGIOSPERM-LIKE POLLEN FROM APTIAN/ALBIAN STRATA 
OF AUSTRIA AND MONGOLIA.
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Near coastal sediments from Austria (Rehbreingraben Formation 
“Gaultflysch) and coal-bearing strata from Mongolia (Khovil-open 
pit mine) of Albian to middle Aptian age are both contain paly-
nological assemblages dominated by spores of bryophytes and 
ferns and pollen of Pinaceae, Cupressaceae and Ginkgoaceae. 
Only a few other taxa can be affiliated with angiosperms or angio-
sperm-like pollen. The stratigraphic age of the Austrian locality, 
which is situated near St. Pölten (Lower Austria), has been con-
strained by dinoflagellate cysts such as Protoellipsodinium spinacri-
statum, Chlamydophorella nyei, Cometodinium multispinosum, Sub-
tilisphaera perlucida, Muderongia macwhaei and Oligosphaeridium 
pulcherrimum. Similarly, the stratigraphic range of the coal-bearing 
strata of the Khovil-Tugrug subbasin, which is located in central 

Mongolia, SE of Ulaanbaatar in the Choir-Nyalga basin, has been 
determined by the presence of various Pilosisporites notensis, Os-
mundacidites wellmanii, Aequitriradites spinulosus, Taurocusporites 
reduncus, Leptolepidites verrucatus, Cicatricosisporites australiensis, 
Cyathidites australis, as well as by pollen of Pinaceae (e.g. Pinuspol-
lenites oralicus, Alisporites sp.), Cycadopithes, Araucariadites austra-
lis, Taxodiaceaepollenites sp., Classopollis classoides and Ginkgo. Both 
localities also contain chloranthaceous angiosperms (e.g., Clav-
atipollenites-types, Asteropollis only in Mongolia) and unknown 
angiosperm pollen (Retimonocolpites-types in Austria, and coarse 
reticulate pollen in Mongolia). Monocotyledonous angiosperms 
(Liliacidites-like) and tricolpates (Platanus-like) also occur in Mon-
golia. These findings will be presented with LM and SEM imaging.
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Up to date, the exine ultrastructure of fossil ginkgoalean pollen 
has been deduced from the only modern survivor Ginkgo biloba 
L. Some information is available from a pollen assemblage from 
the Cretaceous of the Russian Far East dominated by monosulcate 
pollen extracted from a coal-seam composed by exclusively gink-
goalean foliage. The exine ultrastructure was studied in pollen 
from presumably ginkgoalean dispersed seeds of Allicospermum bu-
dantsevii Gordenko from the Jurassic of Uzbekistan. Ginkgoalean 
pollen organs are usually preserved as opened structures, with few 
pollen grains if any.

We have studied pollen organs of Sorosaccus gracilis Harris (=S. si-
biricus Prynada) from the Middle Jurassic of the Irkutsk basin, Si-
beria, and managed to extract a sufficient amount of pollen grains 
for a TEM study. The monosulcate pollen grains vary in size rather 
significantly, but the exine ultrastructure is uniform. The non-ap-
erture ectexine is composed of a thick solid tectum, a thin infra-
tectum, and a thin foot layer. The infratectum includes a row of 
small rare alveolae, which are often stretched parallel to the sur-
face. The supposedly poorly preserved endexine is thin and grainy. 
The structure of the infratectum is distinguishable more easily in 
areas surrounding the aperture. The ectexine is reduced greatly in 

the aperture area. There are only homogeneous ectexinal patch-
es over the endexine, which gives a more distinct surface pattern 
than that of the non-aperture surface.

The striking similarity between the exine ultrastructure of pollen 
grains of G. biloba on the one hand and that of S. gracilis and pollen 
grains from A. budantsevii on the other hand proves that the gink-
goalean ultrastructure of the modern type already existed as early 
as the Jurassic. The exine ultrastructure under study is also similar, 
though to a lesser degree, to that of the dispersed pollen from the 
Cretaceous of Far East. The latter pollen grains differ by an infra-
tectum of a row of granules. It is understandable that the diversity 
of such a long-living group as ginkgoaleans is also reflected in the 
diversity of their exine ultrastructure. So far, ginkgoalean pollen 
grains can be differentiated from similar boat-shaped monosulcate 
pollen by a co-occurrence of these features: the ratio of ectexinal 
sublayers (a thick homogeneous tectum, a thin infratectum of one 
row of structural elements, and a thin foot layer) and by a patchy 
ectexine in the aperture region.

The study was supported by the Russian Foundation for Basic Re-
search, 16-04-00946.
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Pollen grains of Wodehouseia spinata Stanley from the Upper Maas-
trichtian, Zeya-Bureya Basin, Amur (Heilongjiang) River area, Rus-
sian Far East/China were studied by means of light and electron 
microscopy. They are ellipsoidal, medium-sized, about 25 x 32 µm. 
Pollen grains have four elongated pori perpendicular to the long 
axis of the pollen grain, two pori on each side. The exine sculptur-
ing is echinate with echini of three size ranges: large echini around 
the pori and nearby, small echini on the peripheral region of the 
compressed pollen and middle-sized echini inbetween. Each po-
rus is bordered with a large echinus. The tectum in SEM is perfo-
rate. The exine thickness is unequal throughout the pollen grain, 
from 0.6 to 1.5 µm; the thin tectum, high and sometimes branched 
columellae and an inner layer (corresponding to the foot layer or 
endexine) of an uneven thickness are well-distinguished. There 
are cavities in lateral regions of the compressed pollen. The echini 
are solid, and the pori are represented by a break in all exine layers; 
the pori are located opposite to each other. A comparative analy-
sis has shown that the most logical tetrad type for Wodehouseia is 
tetragonal or rhomboidal one. Echini and microechini occur un-
evenly in different groups of angiosperms. Choosing from species 
with porate pollen or pollen with short colpi there are species from 

Ranunculales, Cucurbitales, Malvales, Caryophyllales, and Dipsa-
cales. The latter is most interesting for the comparison as there are 
pollen grains with differently sized echini and with echini near the 
porus; the exine ultrastructure is also similar. Pollen grains with 
four apertures are not common. If we exclude tetracolpate and 
tetracolporate pollen, we are left with some species from Brome-
liaceae, Betulaceae, Campanulaceae, Haloragaceae, Apocinaceae, 
and Malpigiaceae. Among them only species from Betulaceae and 
Campanulaceae have echinate pollen. Campanulaceae species 
also show the exine ultrastructure similar to that of Wodehouseia. 
Pollen grains with a complex tectum, branched columellae and 
uneven thickness of the exine as characterized for Wodehouseia 
are known only in advanced dicotyledons: Apiales, Asterales, and 
Dipsacales. A comparison with modern angiosperms shows that 
Wodehouseia most probably represents an evolutionary dead end 
with an over-specialized set of characters of the exine morphology 
and ultrastructure some of which occur in many unrelated taxa.

The study was supported by the Russian Foundation for Basic Re-
search, 17-04-01094.
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Multilamellate zones occur in inner exospores of spores of het-
erosporous herbaceous lycopsids and are associated with the 
proximal scar. Lugardon believed them to be a characteristic fea-
ture of the microspore ultrastructure of the Pleuromeiaceae and 
their supposed descendants Isoetales as well as some Selaginella-
ceae. Recent data from the Devonian show that such structures 
are probably not restricted to the above groups of lycopsids. Such 
structures are worth to be studied in terms of their ultrastructure, 
occurrence in different members of heterosporous lycopsids from 
geological deposits of different ages, and, especially, their func-
tion. To elucidate their function, we have studied microspores of 
modern Isoetes echinospora and compared them with structures as-
sociated with apertures in some other groups of the higher plants.

Similar structures occur near apertures in spores of ferns and bryo-
phytes; however, unlike multilamellate zones, they are layered 
rather than loosely lamellate and do not have distinct outlines. 
Pollen grains of some angiosperms are more promising for our 
comparison, since they have a well-developed endexine, rims, or 
endoapertures. The functions are known for the lamellate lens-
shaped body that closes the aperture after callose dissolution: the 
maintenance of the spheroid shape of the microspore and met-
abolic exchange between the microspore and anther cavity. In 
mature pollen, the break in the exine is occupied by a thickened 
intine; the lamellate body is shifted to the margins of apertures, 

where various elements of endoapertures appear. The latter struc-
tures are only related with the maintenance of the pollen grain 
shape when it is drying in air.

During the ontogenesis of Isoetes microspores, multilamellate 
zones appear within the inner exospore and do not change their 
position along the proximal suture until maturation. That means 
that they do not play an active role during the sporoderm forma-
tion. The harmomegatic ability of these zones is incomparable to 
that of the cavity between the outer and inner exospore. Another 
possibility is that they can assist during microspore germination. 
No electron-microscopical data have been available about germi-
nation of Isoetes or Selaginella. Only the intine and pollen tube 
coat are active during germination of the pollen grain. Only an 
active functioning of an endospore was shown in germinating 
spores of Sphagnum. Active functioning of multilamellate struc-
tures of the inner exospore in Isoetes microspores also seems un-
likely. However, if they are merely a timid memento of the struc-
ture and development of the sporoderm in ancestors, why they did 
not disappear?
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The acetolyzed and non– acetolyzed pollen grains of eight Gne-
tum species observed in Thailand, including Gnetum cuspida-
tum  Blume, G.  latifolium  Blume var.  funiculare  (Blume) Markgr., 
G. leptostachyum Blume, G. gnemon L. var. tenerum Markgr., G. mac-
rostachyum Hook.f., G. microcarpum Blume, G. montanum Markgr., 
and G. tenuifolium Ridl. were examined under both LM and SEM. 
Gnetum pollen are generally monad, subspheroidal, inaperturate, 
microechinate with blunt–ended microechini. In both acetolyzed 
and non–acetolyzed pollen grains, the psilate surface between mi-
croechini is characteristic of the hydrated state, while the raised 

exine regions as well as the ridge–like folds appear to be repre-
sentative of the dehydrated state. The appearance of both psilate 
or ridge between microechini would indicate the harmomegatic 
function of Gnetum pollen. Their continuous tectum supports the 
validity of the posited molecular relationship within the Asian 
Gnetum clade. This study provides useful information for more ac-
curate identification of fossil pollen from this plant group.
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The inadequate pollen and spore amounts in the deposits of karst 
cave limited the development of cave palynology. Nevertheless, it 
is crucial for understanding the living environments of those in-
habitants. In Chongzuo, Guangxi Zhuang Autonomous Region, 
karst caves are common and lots of mammal fossils were excavated 
in these caves. Numerous studies in mammal fossils (such as Gi-
gantopithecus, Sinomastodon, Elephas, Rhinoceros and Homo sapiens 
etc.) and dating results of eight karst caves in Chongzuo area have 
set the stage for carrying out the palynological study. Interestingly, 
the elevations of these caves shows excellent correlation with their 
formation time, which is, the higher the elevation the older the 
age of the cave. These eight caves were distributed in different hori-
zons ranging from 174m to 212m above sea level with their ages 
expanding almost the whole Pleistocene (2.0 Ma to 0.11 Ma), and 
four of these are Early Pleistocene, one is Middle Pleistocene and 
three belong to Late Pleistocene. Considering the inadequate pol-
len grains and furthermore, the high diversity of palynomorphs 
in South China, the Coexistence Approach (CA) was applied in 
this study. Based on the seven meteorological parameter inter-
vals reconstructed by CA, the changing trends in Pleistocene were 
achieved. The Mean Annual Temperature tends to decline from 

2.0 Ma to 0.11 Ma (decreased about 4.5 °C) while the MAP shows 
an increase trend (raised about 120 mm). The climate around 1.0 
Ma was warmer than other periods which may be correlated with 
the intensification of Asian summer monsoon. The vegetation re-
constructed from Zhiren Cave (ca. 0.11 Ma) is quite different with 
the others. It shows an expansion of grassland and the dominant 
arboreal taxa is Ulmus instead of Pinus in other caves. The arbore-
al animals sharply decreased and grassland types were greatly in-
creased. All these signals show an intensification of aridity around 
0.11 Ma, and furthermore, Homo sapiens can adapt to this deteri-
orating climate. The MAPs of the mammal fossil-bearing layers 
were higher than those without mammal fossils while MATs show 
little differences. Together with the lithology differences, we sug-
gest that when the fossiliferous layers were formed, the fluvial flow 
is strong enough to carry lots of animal remains into caves. Our 
study provided important climate information which can help us 
to get a better understanding of Pleistocene fauna migration and 
evolution in South China; furthermore, it provides important en-
vironmental information during the evolution of Homo sapiens in 
Pleistocene.
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SCULPTURES OF QUERCUS POLLEN FROM THE LATE MIDDLE PLEISTOCENE OF 
NORTHEASTERN THAILAND

Wipanu Rugmai1, Piyamas Pukdeekul1, Phanphen Phongsopha1, Nuntida Yunkratok2, Paul J. Grote2 
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2Northeastern Research Institute of Petrified Wood and Mineral Resources, Nakhon Ratchasima Rajabhat University, Nakhon 
Ratchasima, Thailand 

Fossil pollen of Quercus has been extracted from a sediment layer 
from a prominent fossil site of Khok Sung, Northeastern Thailand, 
in the Khorat Plateau, . The deposit was suggested to be an ancient 
river terrace from 188,000 BP or 213, 000 BP in the late Middle 
Pleistocene. Habitat reconstruction using high resolution pollen 
sculpture from SEM images was investigated. The results reveal at 
least 4 sculpture types of Quercus pollen grains. Three sculpture 

types were assigned to evergreen habitats and one could be either 
deciduous or evergreen habitats. These suggest existence of wet 
environment with high humidity in the area during the relatively 
dry period of the late Middle Pleistocene.
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DEVELOPMENT OF RIPARIAN FOREST AND OXBOW LAKE ECOSYSTEMS ALONG THE 
EARLY HOLOCENE WARMING IN THE SAN RIVER VALLEY (CENTRAL EUROPE): A MULTI-

PROXY STUDY
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The warming at the Late Weichselian-Early Holocene transition 
brought one of the most significant ecosystem alterations during 
the last 12,000 years in the Northern Hemisphere. However, the 
responses of several ecosystems, such as oxbow lakes, are poorly 
recognised in terms of high-resolution approach. The aim of this 
study was a detailed and multifaceted reconstruction of riparian 
woodland and oxbow lake ecosystems’ development. The selected 
site is a palaeomeander located in the San River valley (south-east-
ern Poland), an area devoid of detailed palaeoecological studies. 
We applied a broad range of analyses: pollen, non-pollen paly-
nomorphs (NPPs), plant macrofossils, microcharcoal (0.01-0.1 
mm), Cladocera, Chironomidae, molluscs, stable isotopes from 
carbonates and organic matter, and geochemistry. In the period 
of ca. 11,550–11,470 cal. BP a high activity of the river was marked 
by a low organic matter content, a high share of Glomeromycota 
and coprophilous fungi spores, and corroded pollen, especially in 
Pinus sylvestris type. The reconstruction of MJT based on Chirono-
midae revealed the exceptionally high rate of warming during the 
period of ca. 11,490–11,460 cal. BP, at least 1°C/decade (max. values 
of 2°C higher than modern ones). During this period, the lake pro-

ductivity increased and Betula woodlands started to spread on the 
floodplain. The first cooling detected in MJTChironomidae dated at ca. 
11,450–11,250 cal. BP was probably a reflection of the ‘Preboreal 
oscillation’. This cooling initially failed to significantly influence 
the oxbow lake productivity and spread of Betula woodland on the 
floodplain. However, an enlarged climate instability, manifested 
by event(s) of increased fluvial activity ca. 11,400–11,330 cal. BP, 
led to the disruption of Betula population on the floodplain and 
caused a significant decrease in Chironomidae and Nymphaeace-
ae concentrations. The development of riparian woodlands, initi-
ated by the expansion of Ulmus from ca. 11,100 cal. BP, and further 
spread of Quercus and Fraxinus excelsior on the floodplain and low-
er river terraces, as well as the expansion of reed belt communities 
on the area of the oxbow lake, probably limited the impact of the 
floods on the lake ecosystem. Nonetheless, ca. 10,010–9880 cal. BP 
a fluvial activity, indicated by the increase in mineral matter and 
decline in total organic content, was recorded in the oxbow lake. 
The research is funded by National Science Centre (Poland) – grant 
UMO-2012/07/B/ST10/04345.
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Poland 

Thanks to multifaceted paleoecological studies of the peatlands 
and accumulated there organic deposits we can reconstruct hu-
man activity and their impact on the wetland ecosystems. In this 
study, we focus on the Kazanie fen, located in Greater Poland (25 
km northwest of the city of Poznań). The aims of our studies were 
to (i) reconstruct the development of the peatland and surround-
ing vegetation along with the human impact, (ii) identify intrinsic 
and extrinsic factors in the peat record, (iii) extract the role of eco-
nomic and historical turnovers for ecosystems’ changes. We ana-
lyzed pollen, plant macrofossils, micro- and macrocharcoal, tes-
tate amoeba, selected non-pollen palynomorphs (NPPs) analyses, 
which were supplemented by radiocarbon dating (14C AMS) and 
historical sources. Preliminary results show very intensive farm-
ing before AD 1940 documented by presence e.g. pollen: Cerealia 
type, Secale cereale, and Centaurea cyanus in the surrounding mire. 
A further decline in the share of Cerealia type in pollen spectra was 
probably related to a decline in agricultural activity during the Sec-
ond World War. During the last 300 years, rapid trophic changes in 
the peatland ecosystem were identified. They are notably visible in 
the results of plant macrofossil and testate amoebae analyses. The 

transition from vegetation typical of a rich fen to a poor fen took 
place ca. AD 1982. Scorpidium cossoni preferring calcareous envi-
ronment was replaced by Sphagnum mosses (i.a. Sphagnum fallax, S. 
teres and S. fimbriatum) indicating more acidic habitats. This tran-
sition was followed by testate amoebae: Microchlamys patella, Cen-
tropyxis aculeata, and Arcella vulgaris. Representatives of Pyxidicula 
ssp. and Difflugia ssp., disappeared together with the Sphagnum 
expansion, which provided habitats for Assulina muscorum, Nebela 
tincta and representatives of the Euglypha spp. occurrence. Simul-
taneously to this transition Pinus sylvestris was replaced by Alnus 
and Betula in (local) woodlands. We believe that the results of our 
research, outlying period well-recognized in historical sources, 
will contribute to better quantitative understanding the impact of 
historical land use changes on the functioning of terrestrial and 
peatland ecosystems.

Research financially support from the funds of National Pro-
gramme for the Development of Humanities (Project: NPH012; PI: 
Piotr Guzowski).
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A COMPARATIVE STUDY OF THE MODERN POLLEN TAXA OBSERVED IN SURFACE 
DEPOSITS FROM TRIPURA AND MIZORAM IN NORTHEASTERN INDIA

Nivedita Mehrotra, Ratan Kar, Santosh Kumar Shah 

Birbal Sahni Institute of Palaeosciences, Lucknow, India 

The vegetation of Tripura and Mizoram is dominated by the 
sub-tropical to the tropical forests elements. The latitudinal po-
sition and geographical locations of these two remotely located 
northeastern states make them sensitive to the impact of various 
environmental factors; such as the monsoon winds from Bay of 
Bengal, high temperature and precipitation conditions, varied to-
pography and extreme ecological pressure on surface sediments 
and deposits. The human activities are also ongoing in large mag-
nitudes. These include agricultural activities such as Jhuming or 
thrash and burn farming, commercial crop plantations such as 
rubber, oil palm, tea, etc, pastoral activities and others. Thus to 
understand the impact of all these factors on the modern vegeta-
tion and yield of modern pollen taxa in surface deposits such as 
surface sediments and moss cushions were studied. We analyzed 
surface sediments in a transect from North to South Tripura and 
moss cushion samples collected from West to East Mizoram and 
few sites in north Mizoram; for modern pollen analysis. The yield 
in the surface sediments from Tripura was limited but few sam-
ples did yield various pollen taxa. The moss cushion collected 
from Mizoram have yielded good amount of pollen taxa. In Tri-

pura the taxa such as Saxifragaceae, Elaeocarpaceae, Theaceae, 
Shorea robusta, Salix, Solanaceae, Malvaceae, Rosaceae, Asterace-
ae, Poaceae etc., were observed. Similar taxa have been observed 
in the samples from Mizoram with a few exceptions. Based on the 
ANOVA results our data sets and have been found to give statis-
tically significant results. These preliminary results bring out the 
significance of the impact of various factors on the pollen yield 
and preservation in different surface deposits in this region. This is 
the first such study from these monsoon dominated, Border States 
of northeastern India. Further quantitative analysis and detailed 
sampling is required for a broader perspective of the modern veg-
etation distribution and pollen productivity of the various taxa in 
Tripura and Mizoram. The modern pollen rain results shall be fur-
ther applied to interpret fossil pollen assemblages from sediment 
profiles collected from both Tripura and Mizoram for recovering 
the history of vegetation and climate changes during the Holo-
cene in the region.
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HIGH-RESOLUTION PALAEOECOLOGICAL ANALYSES OF THE SMALL ALPINE PEATLAND 
"BLACKENALP-OBERES MOOR" (CANTON URI, SWITZERLAND) REVEALED POSSIBLE 

ARTIFICIAL CREATION OF A POND AS WATERING PLACE FOR LIVESTOCK AROUND AD 
1575

Jean Nicolas Haas1, Notburga Wahlmüller1, Brigitte Hechenblaickner1, Benjamin Dietre1, Irka Hajdas2, Marion 
Sauter3, Walter Imhof4, Urs Leuzinger5 
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Palynological and plant macrofossil analyses performed on a 82 
cm long silty peat stratigraphy at 1820 m a.s.l. in the Central Swiss 
Alps allowed the reconstruction of the past local flora, vegetation 
and landscape development on a ca. 20 year-resolution. Sedimen-
tation started around AD 1575 during the Little Ice Age with a 
dominance of herb pollen, fern spores, and micro-charcoal parti-
cles, all revealing their deposition in a treeless, open pastoral land-
scape. During a second phase from ca. AD 1750–1900 the pond 
was dominated by aquatics such as Sparganium/Typha angustifolia, 
whereas the nearby valleys (Engelbergertal in the West and Re-
usstal in the East) were likely used for the cultivation and agricul-
tural production of cereals (incl. rye – Secale cereale) and Cannabis. 

The presence of pollen from the neophyte Ambrosia as well as of 
pollen from corn (Zea mays) does characterize the last phase since 
AD 1900, and correlates very well with written sources on the in-
tentional and non-intentional introduction of these plants. Given 
this pastoral area to have been in a region with very few watering 
places for livestock (cows, sheep, goat), and given that archaeolog-
ical studies on local former pastoral huts have revealed changes in 
agricultural and pastoral sustainability systems after the Medieval 
climate optimum, we hereby propose a strong “landnam” or ter-
ra-forming phase to have been responsible for an artificial creation 
of our small pond basin studied.
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FROM BOG TO FEN - PALAEOECOLOGICAL DEVELOPMENT OF A CALCAREOUS SPRING 
FEN IN SAAREMAA, ESTONIA

Ansis Blaus, Triin Reitalu, Siim Veski, Leeli Amon, Jüri Vassiljev 

Department of Geology, Tallinn University of Technology, Tallinn, Estonia 

Despite the fact that biotopes of Calcareous spring fens are highly 
endangered, very little is known about their actual development 
and dynamics of vegetation diversity throughout the Holocene. 
This study from Vesiku calcareous spring fen in Saaremaa island 
(Estonia) traces the history of a fen development over the last 9000 
years. Detailed pollen analysis, including spores, non-pollen paly-
nomorphs (NPP’s) and macrofossil analysis, were carried out from 
a sediment core to reconstruct vegetation development, environ-
mental changes and human impact.  Existing pollen data from a 
nearby large Vedruka bog was used to reconstruct regional vege-
tation with the help of REVEALS model and the reconstructions 
were used for comparison with Vesiku fen site data with more local 
pollen signal. Sediment accumulation in Vesiku spring fen start-
ed approx 9000 y BP, during the time of Litorina Sea regression. 
Vegetation and NPP composition at the earliest stage from 9000 
to 6000 years BC indicate that the fen was acidic and developed as 
a bog, which is opposite to the typical mire autogenic succession 
from groundwater-fed to predominantly rainwater-fed. According 
to the REVEALS model, the dominant vegetation composition in 
the landscape consisted of low-growing perennial shrubs Callu-
na vulgaris and Ericaceae, with the admixture of pine. Spring fen 
characteristics developed about 6000/5000 years BP when region-

al vegetation composition indicates warmer climatic conditions. 
Our results suggest that further regression of the sea level led to a 
flow of calcareous mineral-rich groundwater through Vesiku site, 
initiating the development of calcareous fen with different calci-
philous plants such as Primula, Linum, Potentilla, Parnassia. Paly-
nological richness increased considerably in the beginning of the 
fen stage (23–37 taxa) for the next 4000 years.  However, during the 
last 2000 years, the richness decreased – a contrasting trend to the 
overall increase in the surrounding sites. The comparison with RE-
VEALS model reconstruction from Vedruka bog indicated that the 
fen began overgrowing with Cyperaceae ca 2000 years BP. Grazing 
and trampling directly on the fen might be one of the reasons be-
hind the richness decrease. At the same time, the overall drainage 
and eutrophication of the landscape have led to declining of the 
water table causing strong humification and pollen archive de-
composition. Pollen data from traps and moss polsters will help 
to clarify the reasons behind the diversity decline during the last 
2000 years. We believe our findings provide a deeper understand-
ing that will help to create future strategies for calcareous spring 
fen conservation and management.
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THE RELATIONSHIP OF POLLEN-FLORISTIC DIVERSITY IN POOR-SPECIES AND RICH-
SPECIES REGIONS OF CZECH REPUBLIC
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We explored the relationship between pollen and floristic diver-
sity in two areas with a steep diversity gradient: White Carpatians 
– a biodiversity hotspot of termophillous vegetation comprising 
dry grasslands and broadleaved forests, and Bohemian-Moravian 
Highland – spruce dominated forest with meadows and wetlands. 
Each region was sampled by 20 forest sites and 20 sites in open 
habitats. A detailed florisic survey in radii of 10 and 100 m and 
in two transects of 1 km revealed more than 1200 vascular plant 
species. More than 180 taxa were found in the pollen assemalges. 
Changing the floristic diversity in the taxonomy of pollen types 
has no effect on the strength of the diversity relationship. Con-
sidering the other biases of pollen ananalysis, especially pollen 
productivity, we based our comaparision of the floristic diversity 
with pollen diveristy on: i) standard pollen sum, ii) modified sum 
by pollen productivities and iii) representation factors.

Pollen productivities (PPE) and representation factors (RF) cal-
culated from the same pollen-vegetation dataset do not improve 
the diversity relationship; possibly because, pollen productivities 
of the main taxa in White Carpathians (Poaceae and Quercus) are 
relatively similar. The most optimal RFs calculated directly from 
the pollen-floristic relationship are also, almost all, equal to 1.  
Both regions showed that the main factor influencing the relation-
ship of the pollen-floristic diversity resides in the dispersal-depo-
sition bias. Forested sites have higher proportion of the regional 
pollen component (Ambrosia, Artemisia, Chenopodiaceae) than 
the open sites. Pollen is trapped on the larger leaf area of the trees 
and subsequently washed to a moss polster. 

Work was supported by Czech Science Foundation (project no. 16-
10100S).
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SMALL SCALE STUDIES OF POLLEN PRODUCTIVITY BASED ON MOSS SAMPLES FROM 
CALCAREOUS MEADOWS IN ESTONIA – SPECIAL ATTENTION TO HELIANTHEMUM
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Helianthemum pollen is commonly found in Late Glacial sedi-
ments, also outside its present distribution area, where it is sup-
posed to have been growing in light demanding communities. In 
Norway, Helianthemum is found in sediments from the Late Glacial 
and again in pollen samples from layers deposited within the me-
dieval town of Bergen during this time period. To help interpreta-
tion of Late Glacial vegetation and source of pollen grains found 
in medieval refuse layers, as well as of pollen assemblages with He-
lianthemum in general, increased knowledge of dispersal distances 
of Helianthemum is needed. As it can be one of the good indicators 
of landscape openness it will also be important to have pollen pro-
ductivity estimates for this pollen type. The present investigation 
aims to get knew data on pollen dispersal and production of He-
lianthemum nummularium. Nowadays H. nummularium is growing 
on calcareous and wooded meadows, on alvars and alvar pine 
forests, in Estonia. It grows in small groups and patches, is light 
demanding and is most frequent in northern Estonia and western 
islands, rarely on sandy plains.

Pollen surface samples of moss and vegetation data were obtained 
in two study sites in Estonia. One is situated in Rebala Heritage 
Reserve in North Estonia. We selected one ancient burial ground 
dated to the Bronze Age (8th-7th century BC).  Another site is situ-
ated in the Muhu Island, close to Nõmmküla on pasture land. In 
both sites the vegetation was described in detail and moss samples 
collected, following the methodology developed in the Cracles 
project (Bunting et al. 2013). The preliminary results show a clear 
connection between presence of Helianthemum in the vegetation 
and in the pollen samples. Dispersal and pollen production of H. 
nummularium and other open-land taxa will be presented and dis-
cussed.

Bunting, M.J., Farrell, M., Broström, A., Hjelle, K.L., Mazier, F., 
Middleton, R., Nielsen, A.B., Rushton, E., Shaw, H. & Twiddle, C.L. 
2013. Palynological perspectives on vegetation survey: a critical 
step for model-based reconstruction of Quaternary land cover. 
Quaternary Science Reviews 82, 41–55.
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ENVIRONMENTAL HISTORY AND VEGETATION DYNAMICS IN THE AREA OF CENTRAL 
CROATIA
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In the sediment of the Blatuša peatland (central Croatia) qualita-
tive and quantitative analyses of pollen and non-pollen palyno-
morphs, together with charcoal particles were performed. Based 
on the accumulated palynological taxa, the following zones were 
identified: Pinus - Fagus - (Ulmus) (Zone 1, depth 210 - 175 cm), Fa-
gus - Alnus (Zone 2, depth 175 - 85 cm), Poaceae - Fagus - (Quercus) 
(Zone 3a, depth 85 - 45 cm) and Poaceae - Carpinus (Quercus - Fagus) 
(Zone 3b, depth 45 - 5 cm). According to the results of 14C AMS 
dating, deepest section of the core belongs to the late Subboreal 
period. The composition of the local palynological taxa and the 
ecologically indicative non-pollen palynomorphs indicates the 
dynamics of the hydrological regime as well as the trophic condi-
tions on the habitat, with occasional domination of species from 
the family Cyperaceae, ferns Polypodiales or peat moss - Sphag-
num. Based on accumulated non-pollen palynomorphs four zones 
were identified: HdV-179 - Spirogyra (EINPP1, depth 210 - 165 cm), 

Glomus - Spirogyra (EINPP2, depth 165 - 100 cm), Byssothecium circi-
nans (EINPP3, depth 100 - 25 cm) and Assulina (EINPP4, depth 25-
5cm). During the Zone 1 and 3b, the researched area was a mosaic 
of wetland vegetation and wet meadows, with partially developed 
peatland vegetation. Zone 2 is characterized by the relative local 
domination of the ferns, and Zone 3a by the relative dominance 
of the peat moss. The shares of arboreal pollen, anthropogenic 
indicators, charcoal particles and palynological richness point to 
the different intensity of anthropogenic pressure, which is mostly 
pronounced in the period from the developed Middle Ages to the 
present. Charcoal particles are evidence of regional and local fires 
as essential factors in succession processes. The quantity and qual-
ity of the analysed palynomorphs enable us to apply the results 
of the reconstruction of Holocene postglacial vegetation changes 
for the same period for a narrower area of this site located at the 
southern border of the southern part of Central Europe.
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VEGETATION DYNAMICS AND HUMAN ACTIVITY IN THE MIDDLE OKA RIVER BASIN 
(EUROPEAN RUSSIA) DURING THE MIDDLE AND LATE HOLOCENE

Vlada Batalova, Elena Novenko 
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The new results from paleoecological studies of vegetation and fire 
history over the last 8700 years in the Middle Oka River Basin at 
the south-eastern boundary of the Meshchera Lowlands (Ryazan’ 
region, European Russia) based on radiocarbon dating, pollen and 
micro-charcoal records from peat profile are presented. The stud-
ied peatland is small forest mesotrophic mire called “Kapelka” (the 
“Droplet” in English) due to similar form. The obtained results 
showed that most of the changes in the regional vegetation during 
the Mid- and Late Holocene were mainly influenced by the climate 
changes and human impact. Since 8700 cal yr BP, the vegetation 
history represented a series of consecutive phases of birch-pine 
and pine-broadleaf forests with participation of spruce after 2500 
cal yr BP. The maximal abundance of broadleaf tree species was de-

tected for the period of 4700-2000 cal yr BP. Signals of anthropo-
genic changes in vegetation is marked in the pollen spectra since 
the Neolithic (the Middle Holocene), however only since 2000 
cal yr BP (the Early Iron Age), vegetation dynamics were strongly 
influenced by anthropogenic activity and human-induced fires. 
Large-scale landscape changes and the degradation of natural 
vegetation became conspicuous over the past three centuries. The 
present-day state of plant communities in the Middle Oka River 
Basin is totally controlled by anthropogenic factors. 

This work was supported by the Russian Science Foundation 
(Grant 16-17-10045).
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CONIFEROUS SPECIES OF AZERBAIJAN AND THEIR ROLE IN FORMING HOLOCENE 
LANDSCAPE
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Palynological material accumulated through study of archaeologi-
cal camps of the ancient people indicated that spreading of conifer 
species during Holocene (10-2 thousand years ago) extended far 
beyond the boundaries of their contemporary areal. The highest 
dynamics of boundaries of the areal had pine, spruce and fir tree.

Spruce and fir trees are not growing in Azerbaijan nowadays.

In the second half of the Atlantic period, IV thousand B.C. (6-5 
thousand years ago) according to the spore-pollen spectra of the 
sections of the settlements located in the Kura-Araz depression 
(Arukhlo, Leylatapa, Soyug-Bulag) in the conditions of the con-
temporary semi-deserts, the climate humidity was high. Up to 
10% of the pollen of Picea orientalis and single cases of Abies nord-
manniana pollen were observed in the spectra of the most west-
ern settlement of Soyug-Bulag. At present the Caucasian areal of 
spruce and fir trees coincide. The eastward spreading of the spruce 
is precluded by lack of humidity as well as high summer tempera-
tures and warm winters. In the second half of the Atlantic period 
the areal of spruce and fir trees over 100 km further eastward. The 
eastward expansion in the area of spruce tree forests in the moun-

tains of Lesser Caucasus indicates that humidity level then signifi-
cantly exceeded the contemporary parameter.

High content (40-90%) of the pollen Picea eldarica in the spectra 
evidences of spreading of pine tree light forests around the settle-
ments. Contemporary areal of Picea eldarica is endemic of Azerbai-
jan and constitutes 400 hectares in the slopes of Ellyaryugu ridge 
in the vicinity of border with Georgia. In the past according to 
the palynological data the areal extended from Ellyayugu ridge 
southward to the ridge of Bozdag and then further to the plain of 
Mughan towards Talysh Mountains, as well as in the north-west-
ern direction toward the Garayaz plain and further to Georgia. Af-
ter that in the first half of sub Boreal period, III millennium B.C. 
(5-4 thousand years ago), with sustained sufficient climate humid-
ity the content of spruce tree pollen in the spectra of settlements 
(Leylatepe, Uchoghlan, Alkhantepe) is reduced. This fact was re-
lated to the logging of pine trees by inhabitants of the settlements. 
Invention of a potter’s wheel during that period and production of 
ceramic ware required good fuel for potter’s furnace. The increas-
ing aridization of climate also significantly contributed to this.
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THE POLLEN MONITORING PROGRAMME; THE FIRST TWO DECADES
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The Pollen Monitoring Programme (PMP) was founded in 1996 by 
Dr Sheila Hicks. The aspirations and development of the PMP over 
the last 20 years are described. 

The PMP aims to investigate modern pollen deposition, to gain 
insights into the pollen-vegetation relationship and factors influ-
encing production, dispersal and deposition. The PMP employs 
modified Tauber traps to provide absolute estimates of pollen 
deposition for each taxon.   The trap data also provide a basis for 
comparison with other sampling media including lake sediments 
and soil samples.  The ultimate goal is to improve the interpreta-
tion of past pollen records.

The PMP is essentially a group of collaborating palynologists, 
managing a network of modern pollen monitoring sites.   At many 
sites, including Finland, Poland, Switzerland, Bulgaria, Georgia 
and Wales, modern pollen deposition has been monitored an-
nually for over 20 years, producing invaluable long records (see 
Giesecke et al. 2010). 

The PMP database includes almost 2000 samples from 14 coun-
tries. The intention is to incorporate these data into the multi-
proxy database Neotoma (www.neotomadb.org).  PMP data have 
been employed to answer a variety of questions and over 70 papers 
have been published.  For example, van der Knaap et al. (2010) ex-
amined the relationship between surface pollen deposition and 
climate.   Abraham et al. are using PMP data to reconstruct past 
vegetation. There is great potential to use this data for modelling 

vegetation-climate interactions and to improve our understand-
ing of the pollen-vegetation relationship.
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Pollen-based reconstructions of past land cover, inferred from 
modelling approaches (Landscape Reconstruction Algorithm - 
LRA, Sugita 2007a,b) are necessary to evaluate objectively the past 
changes in plant cover across the spatial scales. Applications of 
the LRA approach for quantitative reconstructions of plant cov-
er are spatially limited due to the unavailability of relative pollen 
productivity (RPP) in large parts of the world. While RPP – one of 
the important parameters for LRA - have already been obtained for 
the major pollen types in northern European (e.g., Broström et al., 
2008; Mazier et al., 2012), RPPs for pollen/plant types character-
istic to the Mediterranean region are still unavailable. This study 
provides the first set of RPPs from the Montpellier area (southern 
France) for the important Mediterranean taxa. Pollen counts from 
randomly-selected twenty-four sites and the survey data around 
individual sites were used for the Extended R-value (ERV) model 
to estimate the relevant source area of pollen (RSAP) and RPPs of 
eleven major plant taxa (7 trees/shrubs and 4 herbs). The extent to 

which dispersal model selection affects the estimates of RSAP and 
RPPs was evaluated using the Lagrangian Stochastic Model (LSM) 
and Gaussian Plume Model (GPM) in the ERV analysis. Estimates 
of RPPs for Buxus, Castanea, Ericaceae (including Erica arborea and 
Arbutus unedo), Phillyrea, Pistacia, Quercus evergreen, and Lamiace-
ae) are the first in Europe. RPPs obtained for Corylus, Cichorideae, 
Poaceae and Ranunculaceae) were compared with those previous-
ly available in Europe. RPPs obtained in this study will be applied 
for pollen-based reconstructions of past land cover in the Mediter-
ranean area. This study is part of the PAGES working group Land-
Cover 6k (http://www.pages-igbp.org/ini/wg/landcover6k/intro)

Broström et al, 2008, Vegetation History and Archeobotany 17, 
461-478; Mazier et al, 2012, Review of paleobotany and palynol-
ogy, 187: 38-49; Sugita, 2007a & b, The Holocene 17 (2), 229-241 
and 17(2), 243-257.
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Structurally preserved, filamentous cyanobacteria occur in Mid-
dle-Upper Jurassic siliceous cherts from the La Matilde Formation 
(Bahia Laura Group) in the Deseado Massif, Santa Cruz, Patagonia, 
Argentina. Specimens consist of colonies of densely spaced, het-
eropolar, uniseriate trichomes (> 300 µm long) that occur firmly 
attached to different substrates, commonly on partially degraded 
land plant parts. Based on the size and morphology of the cya-
nobacteria and habit characteristics, the fossils closely resemble 
certain extant members in the family Rivulariaceae (Oscillatoria-
les), such as Gloeotrichia, Homeothrix and Rivularia. The presence 
of Rivulariaceae in the La Matilde Fm geothermal deposits is sug-
gestive of calcareous aquatic settings with periodically variable 
concentrations of available phosphate and fluctuating anoxia on 
lake floors, much like the settings of some lacustrine-associated 
modern hot-spring environments where representatives of this 

family of cyanobacteria also are common. Affiliated with many of 
the cyanobacterial colonies are spheroidal to ovoid vesicles, up to 
45 µm in diameter, which occur singly or in small clusters (coeno-
bia?), and typically are located near the bases of the cyanobacterial 
filaments. The vesicles resemble certain present-day lower fungi, 
algae, and cyanobacteria, but their systematic affinities remain un-
resolved. Nevertheless, their co-occurrence with the filamentous 
cyanobacteria suggests that the cyanobacterial overgrowths from 
the La Matilde Fm were not monospecific, but rather consisted of 
several different organisms that perhaps even interacted with each 
other. For example, the fossil association is reminiscent of associa-
tions between present-day Rivulariaceae and certain other cyano-
bacteria in modern hot-spring environments, which are effective 
in warding off cyanobacterivorous microinvertebrates.
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The Pennsylvanian is well known for its rich plant fossil record in 
the equatorial tropics, which captures numerous in situ T0 assem-
blages that allow for detailed landscape reconstructions. Among 
the many interesting paleoecological aspects of this subperiod 
is the importance of fire in Pennsylvanian landscapes, based on 
charcoal and other proxy evidence. Atmospheric oxygen levels 
during this time interval were probably elevated compared to the 
Present Atmospheric Level (~21%). The behavior of wildfire under 
such “hyperoxic” conditions and the combustion characteristics 
of fuel sources in Pennsylvanian landscapes are at best partially 
understood. My research is aimed at understanding the function 
of paleowildfire as one of the agents shaping wetland and season-
ally dry ecosystems of Pennsylvanian Euramerica, as well as devel-
oping methods for studying paleowildfire and fire regimes that 
can be applied to other terrestrial ecosystems and time periods.

Here I present my methodology and preliminary results of com-
bining physics-based fire simulations, charcoal-based paleow-
ildfire reconstruction, and experimental hyperoxic combustion 
work. This information is used to better describe not only individ-
ual fires in the Pennsylvanian, but the characteristics that define 

a fire regime: mean fire frequency, extent, intensity, season, and 
ecosystem impact. I use spatially explicit, in situ T0 fossil assem-
blages to build computer model landscapes and incorporate them 
in the physics-based fire simulation program Wildland Fire Dy-
namics Simulator to characterize the spread of fire and its impact. 
In addition, I analyze charcoal abundance and physical character-
istics in contemporaneous coal ball samples as a parallel method 
of understanding individual fire events. This includes analyzing 
which taxa burned and which plant organs, and what the distri-
bution of charcoal size indicates about fire intensity. Using data 
from various coal sequences, I intend to scale up temporally to try 
to understand fire frequency and average extent. The updated un-
derstanding afforded by combining fire simulation and coal ball 
data will allow me to better make assertions as to what sort of fire 
regimes may have existed during Pennsylvanian. Finally, I plan to 
study the combustion of various paleofuel analogs under a variety 
of atmospheric oxygen levels and characterize fire spread rate, fuel 
consumption rate, and burn intensity. These empirical data will 
be used to validate simulation results as well as directly add to the 
limited amount of information on the the effect of oxygen levels 
on fire behavior.
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The steppe-desert taxon Nitraria (Nitrariaceae) is thought to have 
originated in the Tibetan highlands in the Paleogene, from where 
it dispersed to coastal regions in the Mediterranean, Middle East 
and Southern Australia. Nitraria is an ideal genus for inferring the 
historical Tibetan steppe development, yet much of its evolution 
remains unknown. We investigated whether pollen morphology 
and chemical composition of the exine are useful in separating 
species and informing on the historical biogeography of Nitraria. 
We also tested whether pollen characteristics relate to a particu-

lar geographic region. To achieve these goals we used a novel ap-
proach consisting of a combination of classical pollen morpholog-
ical analysis with Light Microscopy (LM) and Scanning Electron 
Microscopy (SEM), Fourier Transformed Infrared spectroscopy 
(FTIR) and molecular phylogenetics. We found that this integra-
tion of data types provides a powerful tool for exploring the evolu-
tionary history of Nitraria. Multivariate approaches could be use-
ful for assigning fossil specimens to modern taxa. These results will 
now be used to reconstruct the historical biogeography of Nitraria. 
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Water balance is a key factor of plant homeostatic strategies. Sto-
matal response to changes in water supply (soil moisture) medi-
ates plant water homeostasis. Stomatal response to soil moisture 
is either directly hydraulic or hormonal-hydraulic. The hormone 
ABA signals stomatal closure in response to drought in some taxa. 
Drought tolerance was likely important for the continuity of some 
taxa through Carboniferous Permian Transition (CPT) character-
ized by global aridity [1]. Previous studies of extant taxa suggest 
that ABA cause stomatal closure in spermatophytes, but not in 
vascular non-spermatophytes [2]. Therefore, ABA stomatal closure 
may have appeared in the ancestor to spermatophytes. However, 
many groups remain untested.  We tested extant relatives of CPT 
taxa that are uncharacterized for stomatal response to ABA dos-
ing.   We used cuttings of non-seed bearing vascular plants (pte-
ridophytes: Lycopodiella, Psilotum, Osmunda, Nephrolepis), gymno-
sperms (Zamia, Ginkgo, Gnetum, Picea, Pinus, Pseudotsuga, Podocarp, 
Araucaria). To confirm uniform angiosperm response, we used a 
putative basal angiosperm (Amborella) and two core angiosperms 
(Acorus, Brassica). We measured foliar ABA level, and stomatal wa-
ter vapor conductace (gs) directly and using the Franks Model es-
timated from light micrographs [3]. Model estimates corroborated 
by porometry conductance for each taxon. As expected, seed-bear-
ing vascular plants reduced gs by closing stomata following ABA 
treatment, and pteridophytes did not. Seed plants all showed 
a similar percentage of reduction in gs relative to maximum 

gs.  Gymnosperm responses (conifers, their sister group Ginko, and 
cycad Zamia) took two to four times as long as angiosperms. The 
putative basal angiosperm Amborella and basal monocot Acorus 
showed similar response as the eudicot. These results support the 
hypothesis that ancestors of extant gymnosperms closed stoma-
ta in response to ABA signaling. Therefore, ABA sensing may have 
contributed to differential drought tolerance with potential effect 
on community composition changes in the CPT. The response in 
basal seed plants suggests that pteridosperms may have used ABA 
to close stomata and their disappearance was due to other factors. 
Future work should corroborate this result in unstudied taxa, and 
from alternative perspectives to include genetics.
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Plant-amber associations from Carnian (Upper Triassic) levels of 
Heiligkreuz Formation in the Dolomites (Northeastern Italy) are 
reported since the early 20th centuries. However, only in the last 
few years revealed some of the amber droplets inclusions of soft-
body microorganisms like bacteria, fungi, algae, protozoans and 
different types of arthropods. The discovery of insects (e.g. head 
capsule of a Nematoceran fly) and gall mites (e.g. Ampezzoa triassi-
ca, Triasacarus fedelei) enabled not only to study the evolution and 
paleoecology of the Upper Triassic microbial life but also to draw 
hypothesis on plant-animal interactions. In association with the 
amber droplets, in the sandstones and paleosols of the Heiligkreuz 
Formation, were found also shoot axes and dispersed leaves with 
well-preserved cuticles. These leaves were putatively attributed to 
the conifer family Cheirolepidiaceae, confirmed also by the pal-
ynological record, i.e. the presence of Classopollis Pflug. The dis-

persed leaves were studied in detail giving particular attention to 
breaks or holes in the cuticular structure. The association of cu-
ticles and amber in the same horizons made us consider, among 
others, also the role of the amber in cuticles damages. Actually, 
17% of the studied leaves show disruptures in the cuticle that can 
be attributed to the presence of amber. Only 1% of the plant evi-
denced damages that could not be imputated to natural ruptures 
or damage due to the presence of amber droplets. We have identi-
fied: (1) marginal feeding; (2) small circular traces of piercing-suck-
ing; and (3) damages of unknown origin. Damage types such as 
galling or oviposition was expected due to the presence of mites in 
the amber droplets, but were so far not identified. Peculiar about 
the damages is the fact that the damages are of very variable scale, 
some at very small size that resemble the dimension of the mites 
of the Tetrapodili lineage.
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Amber from six Triassic outcrops localities of the Southern Alps of 
Italy represents one of the most ancient and quantitatively sub-
stantial Triassic fossil resin records in the world.

The most famous is the Carnian (Upper Triassic) amber record of 
the Dolomites and Julian Alps, consisting of both dispersed grains 
and amber closely associated with resin-producing plant remains. 
Such characteristic Carnian amber-bearing interval has been 
linked to the climatic perturbation known as “Carnian Pluvial 
Event (CPE)”.

Older Triassic amber records, however, were recently reported 
from the Middle Triassic of the Venetian Prealps and from the 

Dolomites. Amber associated to coniferalean Voltzia from the fa-
mous Anisian macroflora of Recoaro (Vicenza, Venetian Prealps) 
was found in historical collections housed in Venice and Verona 
Museums. Also Voltziales from the Ladinian “Wengener Schicht-
en” of the Dolomites, housed in the Collections of Natural History 
Museum of Vienna, yielded amber associated with conifer shoots.

All these findings represent the oldest known Triassic fossil resins, 
demonstrating that the preservation of amber is not restricted to 
the sediments deposited during the Carnian, as previously sug-
gested. These discoveries contribute to partially fill the gap in the 
amber record between the Carboniferous and Upper Triassic.
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Occurrence of amber in the northern Apennines (Italy) has been 
known since the 17th century near the city of Bologna (Masini, 
1650; Boccone, 1684). In 1886 Strobel also reported amber from 
Sassuolo in the province of Modena. Based on lithostratigraphic 
correlations, such amber was tentatively assigned to the lower 
Oligocene (Skalski & Veggiani, 1990), but its precise age remained 
elusive because this fossil resin was never found in situ. Angelini 
& Bellintani (2005) by means of spectroscopic analysis found that 
ambers of Scanello Bolognese (Bologna) and Castelvecchio di Pri-
gnano (Modena) present a marked difference. Moreover, the attri-
bution of the amber of Castelvecchio to the Oligocene is merely 
based on lithological similarity between the amber-bearing beds 
and those of the Ranzano Formation (Skalski & Veggiani, 1990).

An outcrop containing amber has recently been located near Cas-
telvecchio and includes about 5 m of succession, consisting of 
more or less calcareous sandstones intercalated with silty and var-
iously bioturbated clayey levels. Within the arenitic levels (usually 
in the upper part) there are levels rich in vegetal debris, containing 
amber and pieces of coal. Amber occurs as fragments and drops, 
ranging from 0.5 cm to over 6-7 cm, usually very dark red in col-
or. To date, no animal inclusions have been observed, only a few 
tiny carbonaceous fragments that make the color of the fossil resin 

dark. Fourier transform infrared (FTIR) analysis was performed on 
the amber and compared with spectra of other known fossil resins.

To clarify the stratigraphic context of the fossil resin of Castelvec-
chio, samples were collected for the study of calcareous plankton, 
which permitted to attribute the fossiliferous levels to the upper-
most part of the Maastrichtian. This result allowed, for the first 
time, to assign amber from the northern Apennines to the Cre-
taceous, differently from what has been reported so far in the lit-
erature.
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The amber deposit of El Soplao corresponds to the maximum re-
gressive episodes of the non-marine to transitional marine siliclas-
tic Las Peñosas Formation, which represents the regressive stage 
of a major regressive-transgressive, carbonate-dominated lower 
Aptian-upper Abian marine sequence (Najarro et al., 2009, 2010). 
Well-preserved plant cuticles of the conifers Arctopitys, Brachy-
phyllum, Alvinia and Frenelopsis and the ginkgoes Nehvizdya, Neh-
vizdyella and Pseudotorellia have been reported. Cuticles of these 
taxa are studied in detail, and taxonomy and systematics are com-
pared with the plant assemblages from other Lower Cretaceous 
Iberian localities such as Las Hoyas, Rubielos de Mora, and San 
Just. A particular attention is paid to the relationship between am-
ber and plants.
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Although the Sacred lotus is a culturally and economically import-
ant water plant, Nelumbo is not a true water lily, but is distantly 
related to the Nymphaeaceae.  Instead, it is separated into its own 
family, the Nelumbonaceae, which consists of a monotypical 
genus with two species. Recent molecular phylogenetic analyses 
suggest that the Nelumbonaceae is one of the disparate families of 
the order Proteales, which also include the Sabiaceae, Platanaceae, 
and Proteaceae.   To understand the phylogenetic position of the 
Nelumbo clade in the past and present, the leaf architectural char-
acters in the order Nelumbonales and closely related outgroups 
were studied.  To this end, we developed a character list of 66 vege-
tative and leaf architectural characters and coded the leaves of over 
a dozen species of living plants.   We initially added the best pre-
served three specimens of a fossil leaf morphotype previously de-
scribed in part as Nymphaea lignitica WESSEL et WEBER 1855 from 
the late Oligocene lake at Rott near Bonn, Germany.  An extensive 
series of phylogenetic analyses were implemented using PAUP.   
The results confirm that there is much variation within families 
and among families of the order Proteales.  Within the Nelumbo-

naceae, key features include an aquatic  is implied in the leaf by a 
lack of agrophic veins, large leaf size, obicular leaf shape, centrally 
peltate insertion of the petiole, and clearly actinodromous basal 
venation with multiple primary veins.   With regard to the new 
morphotype from Rott, the fossil leaf differs from those of living 
Nelumbo spp. in having a more proximally placed peltate insertion 
of the petiole and secondary veins along the entirely of the medial 
primary vein.  Living N. nucifera and N. lutea have a more central-
ly placed petiole,  and few secondary veins arising from only the 
distal half of the medial primary vein or lack secondaries.  These 
characteristics are not found within the variation of living Nelum-
bo, suggesting the species belongs in an extinct genus.  In addition, 
we have added several other well-preserved fossil species to study 
the diversification of the Nelumbonaceae.  This first phylogenetic 
analysis of living Nelumbo and of Nelumbo-related fossils will lead 
to a better understand of the dynamics of extinction and origina-
tion of members of the clade, an important member of the global 
flora since the mid-Cretaceous. 
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PHOENICOPSIS (LEPTOSTROBALES) AND PSEUDOTORELLIA (GINKGOALES) IN THE 
CRETACEOUS OF NORTH ASIA

Natalia Nosova 
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Detached leaves and their fragments belonging to Phoenicopsis, 
Torellia and Pseudotorellia have similar morphological but different 
epidermal features. Torellia Heer, 1870 was established for linear 
leaves from the Paleogene of Spitsbergen. Later, some Mesozoic 
and Cenozoic plants were attributed to this genus. Based on the 
epidermal leaf patterns, Florin, 1936 transferred the Mesozoic 
species of Torellia to Pseudotorellia. Besides T. rigida (type species) 
from the Paleogene of Spitsbergen, the epidermal structure was 
also described for Torellia sp. (Sveshnikova, Budantsev, 1969) from 
the Upper Cretaceous of New Siberia Island, Russia. We re-evaluat-
ed the epidermal features of the Late Cretaceous leaves and found 
that they are identical to those of Phoenicopsis papulosa from the 
Upper Cretaceous of northeastern Russia. This is the northern-
most occurrence of Phoenicopsis in Asia.

Phoenicopsis and Pseudotorellia were common elements of the 
Mesozoic floras in North Asia. Nine Early Cretaceous species of 
Phoenicopsis with studied epidermal structure were described from 
Transbaikalia, the Russian Far East and the north of Eastern Sibe-
ria, and one more species was reported in the Urals. Only three Late 
Cretaceous species with studied epidermal structure are known, all 
of them are from the northeastern Russia. Besides this, bundles of 
Phoenicopsis leaves lacking preserved cuticle were reported from 
the Maastrichtian–Danian of Chukotka.

Unlike Phoenicopsis, occurrence of Pseudotorellia is known in the 
Lower Cretaceous of Western Siberia. Leaves of Pseudotorellia dom-
inated in paludal plant communities in Transbaikalia and Rus-
sian Far East in this time. Unlike these southern regions of North 
Asia, Pseudotorellia leaves rarely occur in northern regions. Now 
four Pseudotorellia species are known from the Lower Cretaceous 
of Yakutia, including a new occurrence of the Pseudotorellia (P. 
parvifolia, sp. nov., in press.) in the Lena Basin. Previously, only 
two Pseudotorellia species were reported from the Upper Creta-
ceous: both from northeastern Russia. Recently, we have found 
Pseudotorellia leaves (P. kiensis, sp. nov., in press.) in the Ceno-
manian of the south of Western Siberia.

In the whole, remains of the Phoenicopsis leaves are unknown in 
the Cretaceous of Western Siberia and they are not as abundant 
in the Lower Cretaceous of the southern regions of North Asia 
as Pseudotorellia leaves, which dominated in some plant assem-
blages in the latter in this time. On the contrary, remains of the 
Pseudotorellia leaves are sporadic in the Lower Cretaceous of the 
northeastern Asia, while bundles of the Phoenicopsis leaves are nu-
merous.

The study was supported by the RFBR, 16-04-00946.
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Integrated sedimentological and palaeontological studies in the 
Bletterbach gorge (Dolomites, N-Italy) allowed us to reconstruct 
a well-structured Wuchiapingian (Lopingian, late Permian) eco-
system in a distal floodplain environment characterised by a 
complex trophic network. The flora (> 30 taxa) is dominated by 
ginkgophytes and conifers, whereas seed ferns, taeniopterids and 
sphenophytes are rare elements. Plantδinsect associations indicate 
a modest diversity and level of herbivory and host specialization. 
Tetrapods (13 ichnotaxa) are represented, in order of abundance, 
by parareptiles (pareiasaurs), neodiapsids (“lacertiforms”), various 
groups of therapsids, capthorinids and other, undetermined am-
niotes.

A comparison with the 14 best-documented Lopingian terrestrial 

ecosystems included a quantitative characterization of the fauna 
(body fossil and ichnofossil records), the relative abundances of 
floral groups, and climatic and palaeolatitudinal settings. Both 
floral and faunal bioprovinces were strongly affected by the distri-
bution of climate regimes, and palaeolatitude was a predictor of 
ecosystem compositional affinity. The Bletterbach biota, together 
with ecosystems from Morocco and Niger, provides a unique win-
dow on equatorial to low latitude life and yields evidence that the 
most diverse assemblages at high taxonomic levels are those at mid 
to low latitudes. Although fossil-rich, higher latitudes ecosystems 
(e.g., Junggar and Karoo) are much less diverse at high taxonomic 
levels. Climatic constraint appears crucial in shaping the distri-
bution of the three main herbivorous groups. Dicynodonts were 
best adapted to cool temperate climates with glossopterid/coni-
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fer-dominated woodlands. Pareiasaur distribution best correlates 
with conifer- and ginkgophyte-rich woodlands that developed in 
the warm temperate climate of equatorial to sub-equatorial Pan-
gaea. Captorhinid distribution is consistent with the semi-arid 
to arid conditions of the tropical summerwet biome, where they 
might have fed on “pteridosperms” and conifers. Climate, latitude 
and tectonic history controlled the affinity of the different eco-
systems. North Gondwanan ecosystems had closer affinities with 
Euramerican than with south Gondwanan ecosystems. The Lao-
tian ecosystem shows affinity with Karoo-type ecosystems, likely 

inherited before the northward migration of SE-Asian continental 
blocks. The Lopingian latitudinal gradient shows a poleward de-
cline in tetrapod richness. Tropical assemblages include a mixture 
of holdovers from the early Permian (e.g., temnospondyls, capto-
rhinids), early members of clades best known in the Triassic (e.g., 
Archosauriformes), and contemporary taxa that also are present at 
higher latitudes (e.g., therapsids, pareiasaurs), suggesting that the 
tropics acted as both a cradle (i.e., an area with elevated origina-
tion rates) and a museum (i.e., an area with low extinction rates) 
for biodiversity.
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WHOLE-PLANT RECONSTRUCTION, UPDATED PHYLOGENY AND POLLINATION 
MECHANISM OF AUSTROHAMIA ACANTHOBRACTEA (CUPRESSACEAE) FROM THE 

MIDDLE JURASSIC OF NE CHINA
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The recent discovery of abundant impressions and compressions 
of leafy twigs, pollen cones, and seed cones of Austrohamia ac-
anthobractea in certain fossiliferous beds of the Middle Jurassic 
Daohugou Lagerstätte in Inner Mongolia, NE China provides de-
tailed morphological features, permitting whole-plant and pol-
lination reconstruction, and a more accurate evaluation of the 
relationship between this extinct plant and extant or fossil basal 
Cupressaceae conifers. The fossil species consists of helically ar-
ranged linear leaves with two narrow stomatal bands on the abax-
ial surface. Pollen cones are borne in clusters of four, and attached 
sub-terminally. The pollen cone is borne in the axial of a lanceolate 
bract and microsporophylls are peltate. Seed cones are less than 
1 cm, borne solitarily or in pair, terminally or laterally attached, 
and bear numerous spirally arranged bract-scale complexes. The 
bract-scale complex is apparently absent a free ovuliferous scale. 
Two ovules are present on the proximal end of the bract adaxial 
surface. Ovules are flask-shaped and inverted. Seeds are obovate, 
and possess two narrow resemblance to modern Taiwania than 

to Cunninghamia. A morphological cladistics analysis resolved 
Austrohamia is the outgroup taxa to Cunninghamiodeae, and 
they together composed a clade which is a sister group to living 
Taiwania, Athrotaxis, fossil Stutzeliastrobus. Furthermore, ger-
minating pollen grains, geminated pollen and associated pollen 
tubes, archegonia, and germinating pollen grains, as well as an en-
tire flask-shaped ovule undergoing the pollination process, were 
observed in the bract-scale complexes after maceration. These 
information apply to the pollination prior to fossilization. Here 
the complete pollination process of Austrohamia is reconstructed 
based on the mechanism of pollination. The reconstructed results 
show that the pollination process observed in the present species 
falls in between those of modern Cupressaceae and those of mod-
ern Pinaceae and Podocarpaceae.

Key words: Cupressaceae, Austrohamia, Middle Jurassic, Dao-
hugou Lagerstätte, phylogeny, pollination mechanism 
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The Qinghai-Xizang Plateau has undergone globally dramatic 
changes in plant evolution in the past. Each of its compositional 
blocks, which used to be separated hundreds of million years ago, 
experienced a unique evolutionary history. The southern Xizang 
(Tibet) block, for example, changed from having a Gondwanan 
affiliation during the Palaeozoic Era to being a Himalayan Prov-
ince today, the youngest major floral province in the world. This 
block, as a constituent part of the Indian plate, separated from 
Gondwana during the Cretaceous Period and drifted northwards 

until it collided with Eurasia at the end of Cretaceous or in the ear-
ly Cenozoic. Its continuous convergence with Eurasia led to the 
development of the high Qinghai-Xizang Plateau in the late Ce-
nozoic. The tectonic activity associated with the movement of the 
Indian plate undoubtedly brought about profound environmental 
changes that further affected the earth’s ecosystem and hence the 
composition of regional biotas, both terrestrial and marine. Our 
palynological analysis of a Cretaceous sedimentary succession in 
Gamba County, southern Xizang, reveals in detail how the region-
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al palynoflora changed during this continental rearrangement. 
Comparison between the main components and endemic taxa of 
coeval palynofloras in southern Xizang, Australia and Africa shows 
that the terrestrial floras of the Gamba region of southern Xizang 
clearly changed from having connections with Gondwana during 
the Early Cretaceous to North Africa during the Late Cretaceous. 
Changes in climate and geographic isolation were key factors in 

the diversification of the vegetation in the vicinity of Gamba and 
in adjacent continental blocks. Increases in inceptions of new taxa 
in both this region and Australia coincide with tectonically active 
periods on the two continents, implying the break-up of Gond-
wana, the fundamental driving force behind the palynofloristic 
changes in the Tethyan region for the Cretaceous Period.
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EARLY PERMIAN PALYNOMORPHS AND THEIR PALAEOCLIMATIC IMPLICATION: A CASE 
STUDY FROM RAJMAHAL BASIN, INDIA
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Rajmahal Basin is one of the important basins in India for palyno-
logical study of Mesozoic succession. The basal unit in the stratig-
raphy of Rajmahal Basin is the Archean granitic complex; which is 
unconformably overlain by the Permian and Mesozoic sequences. 
The Upper Gondwana sequences in the Rajmahal Basin are repre-
sented by Dubrajpur and Rajmahal formations (Triassic to early 
Cretaceous). The Rajmahal Formation constitutes traps and Inter-
trappean sequences. Lower Gondwana sequences represent Perm-
ian strata comprising Talchir and Barakar formations.

The borehole BRS-2 was drilled in Salbadra-Gomarpahari sector, 
which is located at south of Brahmani Coalfield of Rajmahal Ba-
sin. The sector lies between latitudes 24º07’28” to 24º08’56”N, and 
longitudes 87º35’02” to 87º37’55”E and covers an area of 12.266 sq 
kms. The borehole BRS-2 intersected through coal forming Bara-
kar Formation (Artinskian) and the Talchir Formation (Asselian- 
Sakmarian). Palynological analysis of six samples collected from 
Talchir sequences has revealed one palynoassemblage namely 
Parasaccites korbaensis Assemblage zone which is designated 
as earliest Permian in age. The palynoassemblage includes Para-
saccites spp., Plicatipollenites spp., Jayantisporites spp., Diva-
risaccus lelei, Caheniasaccites sp., Sahnites barelensis, Tuberi-
saccites indicus, Microbaculispora sp.,  Microfoveolatispora sp. 
and Callumispora gretensis.

Spheroidal inclusions are infrequently encountered in monosac-
cate gymnosperm pollen grains Viz. Parasaccites and Plicatipol-
lenites are also recorded. These structures occur solitary or in clus-
ter of one to seven in the corpus of the monosaccate pollen grain. 
Probably these inclusions are perhaps the endobiotic zoosporan-
gia of a chytrid or member in the Hyphochytridiomycota. These 
are useful in expanding our knowledge about fungal interactions 
in ancient ecosystems.

The palynoassemblage has also represented by many permanent, 
naked, tetrahedral and decussate forms of fossil spore tetrads as-
signable to the dispersed microspore genera Microbaculispora, 
Microfoveolatispora, Jayantisporites, Didecitriletes and Hor-
riditriletes. Except Jayantisporites other genera are reported for 
the first time from the earliest Permian stratum (Talchir Forma-
tion). The presence of a trilete mark in the spores of the tetrads 
reveals their alliance with the pteridophytic group of plants. 
The occurrence of these fossil spore tetrads and dyads from ear-
liest Permian suggests the prevalence of extreme cold condi-
tions  during the deposition of the Talchir Formation as a conse-
quence of Carboniferous glaciations followed by deglaciation at 
the beginning of the Permian period.

Key words: Permian, Rajmahal Basin, Palynomorphs, spore tet-
rads, chitrids and palaeoclimate
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The modern ocean is ‘on the edge of anoxia’, with an increasing 
number of dead zones around the world expanding. This is be-
cause the amount of oxygen reaching the deep ocean from the 
atmosphere and downward ocean mixing is almost equal to the 
amount of dead organic matter (food), sinking to the deep ocean. 
As the organic matter is consumed, respiration takes place, using 
up almost all of the oxygen present in the deep ocean.

Throughout Earth’s past, there have been many periods where 
the oceans have become anoxic. These are termed Oceanic An-
oxic Events (OAEs), and represent periods of major disruption to 

the global carbon cycle. During an OAE, increased organic carbon 
burial and preservation occurs. Numerical models predict that 
increased organic carbon burial across an OAE could drive a rise 
in atmospheric oxygen which may be capable of ultimately termi-
nating ocean anoxia after ~1 million years. However, such model 
estimates remain untested. Wildfire is highly responsive to chang-
es in atmospheric oxygen therefore we would anticipate that fire 
activity should vary across an OAE. We test this hypothesis by 
tracing variations in the abundance of fossil charcoal across the 
Toarcian OAE (T-OAE), occurring ~183 Ma. Our results reveal a sus-
tained ~800 kyr enhancement of fire activity beginning ~1 Myr af-
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ter the onset of the T-OAE and which peaks during its termination. 
We hypothesize that this major enhancement of fire, was primar-
ily driven by increased atmospheric oxygen and therefore provide 

the first fossil based evidence suggesting OAEs are terminated by 
fire-feedbacks to rising atmospheric oxygen.
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The Early Jurassic was characterized by major climatic and envi-
ronmental perturbations which can be seen preserved at high 
resolution on orbital timescales. The Early Jurassic is a period of 
overall global warmth and therefore serves as a suitable modern 
day analogue to understand changes in the Earth System. Present-
ly, Earth’s climate is warming and the frequency of large wildfires 
appears to be increasing. Recent research has indicated that Qua-
ternary deposits reveal the wildfires respond to orbital forcings, 
however, to date no such study has been able to test whether wild-
fire activity corresponds to changes over Milankovitch timescales 
in the deep past.

An excellent high resolution astrochronology exists for the Up-
per Pliensbachian in the Mochras borehole (NW Wales). Ruhl et 

al. (2016) shows that elemental concentration recorded by hand-
held X-ray fluorescence (XRF) changes mainly at periodicities of 
~21,000 year, ~100,000 year and ~400,000 year, which is coupled 
to changes in sedimentary bundles.

We have quantified the abundance of fossil charcoal at a high res-
olution (10-15 cm) to test the hypothesis, that these well preserved 
climatic cycles influenced fire activity throughout this globally 
warm period. Our preliminary results suggest that variations in 
charcoal abundance appear to be coupled to Milankovitch forc-
ings over periods of ~21,000 and ~100,000 years. We suggest that 
these changes in fire relate to changes in seasonality and mon-
soonal activity that drove changes in vegetation that are linked to 
variations in the orbital forcing.
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Understanding past human-environmental interactions during 
periods of climate change can help shape future management 
strategies in tropical regions. The Classic Maya civilisation (250-
1000 AD) of Mesoamerica is known to have caused large-scale en-
vironmental impacts against a backdrop of climate instability. Ex-
isting palaeoecological research highlights large declines in forest 
pollen that are attributed to past deforestation and maize agricul-
ture. Many of these studies focus around large ceremonial centres, 
which may reflect the intensive agriculture that was required to 
support high population densities. Palaeoecological investiga-
tions from medium to low-density sites provides an opportunity 
to investigate how the Ancient Maya managed their landscapes 
using alternative strategies, such as agroforestry, and the resilience 
of these strategies under changing climate conditions.

This research will investigate Ancient Maya environmental inter-
actions in Belize during periods of known climate instability. Site 
selection was based on three criteria: (1) a diverse range of eco-
systems is represented; (2) all sites are not located near large cer-
emonial centres; (3) all sites were continuously occupied during 

the Ancient Maya period. Island (coastal) and mainland sites 
were compared to investigate ancient Maya land-use strategies 
in these different environments. Peat cores were extracted from 
Marco Gonzalez (189cm) and Basil Jones (350cm), located within 
mangrove and dry forest ecosystems, respectively, on the island 
of Ambergris Caye. On the mainland, a short lake sediment core 
was extracted from Laguna Aguacate (Spanish Lookout). The site 
is situated amongst large maize fields and patches of degraded 
broadleaf deciduous forest, which provides a modern analogue for 
agriculture during the Ancient Maya period. High-resolution pol-
len and charcoal analyses will determine past land-use strategies, 
such as forest clearance, permaculture and swidden agriculture. 
Key pollen indicators of landscape modification, such as crops 
(Zea mays) and economically important taxa (e.g. palm) will show 
the land-use strategies of the Ancient Maya; while changes in the 
abundance of forest pollen will determine the extent to which de-
forestation occurred around medium-density sites. By comparing 
these environmental reconstructions to existing palaeoclimate 
records, this study could shed light on the resilience of different 
land-use strategies under future climate scenarios.
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The lacustrine succession at Groß Zimmern, 10 km east of Darm-
stadt (Hesse, SW-Germany), represents one of half a dozen of iso-
lated Paleogene deposits scattered across the Sprendlinger Horst, 
the northern extension of the Hercynian Odenwald basement 
in Southwest Germany flanking the Upper Rhine Graben to the 
northeast. Scientific drilling in the center of the structure recently 
revealed a reference core, including 80 m of a volcanoclastic brec-
cia overlain by 30 m of a lacustrine succession of clastic sediments 
and finely laminated bituminous shale. However, the whole lacus-
trine succession shows signs of slumping, redeposition or in-situ 
deformation. The discovery of massive volcanoclastic deposits 
proved that the overlying lake sediments have been deposited 
within a small maar structure with a diameter of 250 to 400 m. A 
first palynological analysis now suggests that the lake sediments 
were of Middle Eocene age. This age is consistent with the age of 
other Paleogene deposits on the Sprendlinger Horst, such as, e.g., 
the nearby maar lake of Messel.

Our quantitative palynological study revealed different pollen 

and spore assemblages. In the lower part of the succession aquatic 
plants and swamp elements, such as Hydrocharitaceae and Taxo-
diaceae, as well as marsh elements, such as Restionaceae, dominat-
ed indicating a relatively high lake level causing flooded habitats 
in the crater area. In the upper part of the record these elements 
decreased significantly or disappeared completely. This can be in-
terpreted by a change to less humid conditions accompanied by 
falling lake level. Changes in the pollen assemblages are mainly 
restricted to plants living at the lake shore. However, the domi-
nating elements of the surrounding (para) tropical forest, such 
as Plicatopollis spp. (Juglandaceae) and Tricolporopollenites cingu-
lum (Fagaceae) are characterized by cyclic frequency fluctuations. 
Since the lacustrine sediments are completely disturbed, probably 
due to seismic activity or rapid subsidence within the crater, the 
interpretation of palynological assemblages in terms of paleoen-
vironmental trends has to be treated with caution. However, the 
general trend obviously follows a pattern common to the lacus-
trine filling of other nearby maar structures which indicates that 
the succession was not completely mixed up by disturbance.
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Inferring palaeoclimates from the plant fossil record provides an 
in-depth understanding of the past environmental and atmo-
spheric changes that have defined the current climate. Observing 
how species adapted to the rapid environmental changes that oc-
curred throughout geologic time, gives a greater understanding to 
how their extant relatives may react to the future projections for 
the Earths’ climate system. Due to the correlation between specif-
ic plant traits and local environment and climate, the sensitivity 
of different leaf traits to changes in the climate system has great 
importance when inferring past climates. This investigation fo-
cused on refining the previously described epidermal cell density 
proxy for leaf mass per area. The method has only been described 
for Ginkgophytes and this project aimed to determine if the meth-

od can be robustly applied across species and family to broaden 
its applicability. Leaf mass per area and leaf cuticle thickness were 
also investigated with the aim of establishing a relationship be-
tween changing levels of atmospheric CO2 and other environmen-
tal factors. The initial findings support that this method can be 
more broadly applied across plant functional groups. The use of a 
range of extant species, mainly Angiosperms and Gymnosperms, 
enables us to compare the results generated to the fossil record to 
establish the functioning of past plant communities. This method 
may prove useful for investigating plant responses to rapid climate 
change in the past and to predicting likely plant responses to near-
term future climate change.
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The Brassington Formation is the most extensive Miocene sedi-
mentary succession onshore in the UK. Because of its position at 
the margin of NW Europe, the pollen, spores, fungal remains and 
macrofossils from this lithostratigraphical unit provide evidence 
on the development of environments and vegetation affected by 
North Atlantic currents and hypothesized atmospheric circula-
tion changes that accompanied the Middle to Late Miocene cli-
matic cooling. Previously, all occurrences of the Kenslow Member 
were assumed to be contemporary, howeverpalynostratigraphy 
suggests this is not the case. This new interpretation implies that 
a sequence of fossiliferous horizons is present in the Brassington 

Formation, rather than single layer. Using this revised chronolo-
gy, a new vegetation and climate record for the Atlantic margins 
of northwest Europe has been produced. We report that the Bees 
Nest Member, which underlies the Kenslow Member, is not barren 
as had been previously thought and has produced a pollen assem-
blage. Overall, the palynology shows that the oldest pollen assem-
blage is from the more southern Bees Nest Pit, which represents a 
subtropical conifer-dominated forest of late Seravallian age (c. 12 
Ma). A younger assemblage was observed from the more northern 
Kenslow Top Pit and indicates that a subtropical mixed forest was 
present during the early Tortonian (11.6–9 Ma).
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FOSSIL EVIDENCE FOR THE DIVERSIFICATION OF CROWN-GROUP CUNONIACEAE 
FROM THE EARLY PALEOCENE (DANIAN) OF PATAGONIA, ARGENTINA

Nathan Jud, Maria A. Gandolfo 

Cornell University, Ithaca, USA 

Fossil flowers from the early Paleocene of Patagonia, Argentina at-
tributable to Cunoniaceae provide an exceptional opportunity to 
evaluate the timing of diversification and the biogeographic his-
tory of an iconic Southern Hemisphere family. Two fossil species 
known from fossil flowers, Lacinipetalum spectabilum and another 
unnamed one, were collected from sediments of the Danian Sal-
amanca Formation which crops out in Chubut. We explored the 
relationships between the fossil species and extant Cunoniaceae 
using Maximum Parsimony and Bayesian Inference. The fossils 
were included in a matrix of combined morphological and cpDNA 
sequence data (rbcL, trnL-F, matK). The two methods yield simi-
lar results. A close relationship between Lacinipetalum and extant 
Schizomerieae is confirmed and the position of the unnamed 

fossil is nested within the Cunoniaceae crown-group, but it does 
not conform to any extant genus or tribe. Older fossils attributable 
to the family include dispersed pollen and wood from the Upper 
Cretaceous of Argentina and the Antarctic Peninsula, but the 
phylogenetic position of those fossils is still uncertain; thus, the 
Salamanca flowers are the oldest macrofossil evidence of crown-
group Cunoniaceae worldwide. Their discovery in the Salamanca 
Formation strengthens the hypothesis that the diversification of 
crown-group Cunoniaceae was underway at the beginning of the 
Cenozoic. Although Australasia is currently the center of diversity 
for the family, the emerging record from South America indicates 
that west Gondwana played a more important role in the diversifi-
cation of Cunoniaceae than previously thought.  
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The study area covers slopes of the tectonically stable Europe-
an platform and foreland of the tectonically active Carpathian 
mountain chain. The research of pollen spectra mirrors the evolu-
tion of landscape and climatic changes in the Central Paratethys 
domain during the Karpatian and Badenian (late Burdigalian to 
early Serravalian according to the standart chronostratigraphy; 
MNN4-MNN6). This interval includes the final phase of the 

Mid-Miocene Climatic Optimum and the Middle Miocene 
Climatic Transition at 14.8-12.0 Ma. The landscape evolution, 
conditioned by uplift of the Carpathian mountain chain and 
subsidence of adjacent lowlands, led to the formation of a disting 
relief. The application of the PFT technique (26 PFT system and 
an additional aquatic PFT) reveals changes in the proportion of 
vegetational components. All in all the ecospectra obtained for 
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the studied microfloras indicate that during the time-span regard-
ed a diverse, thermophilous mixed mesophytic forest vegetation 
persisted in the neighboring continental parts of the study area. 
This observation contradicts the presence of dry climatic phases 
as have been reported from coeval records elsewhere. The almost 
continuous presence of a PFT including swamp trees (2-5 % of to-
tal diversity) indicates that swamp forest thrived in coastal areas 
throughout the studied period.

The studied ecospectra show shorter-term cyclic changes in plant 
diversity. These changes are best traced when studying various 
indices. When using the propotion of broadleaved evergreen vs. 

broadleved deciduous tree diversity as indicator for temperature 
changes short-term alternations of warmer and cooler phases are 
obvious from the record. The ratio of xeric herbs and shrubs is used 
here as an indicator for dryer and wetter climatic phases. The re-
cord of this wet/dry index also shows short-term shifts. Both, ever-
green and xeric index have a significant co-variability, however, it 
is shown that the dry peaks pre- or post-data in each case the warm 
peaks in the record. Possible reasons for the mechanism behind 
still have to be discussed. For coeval series of the Lower Rhine Basin 
(northwestern Germany) it has been demonstrated that warm in-
tervals were particularly wet while in the present Paratethys record 
it seems that warmer phases were dryer, at the same time.
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PALYNOMORPHS FROM NEOGENE SEDIMENTS OF THE BANATSKO ARANĐELOVO 
LOCAL DEPRESSION (SERBIA)

Jelena Milivojević, Zorica Lazarević 
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Within the framework of the palynological research,  samples of 
Neogene sediments were collected from the drillholes in Banatsko 
Aranđelovo local depression, which is located in the northeast Vo-
jvodina within Banat depression. Total of 30 samples were taken 
from 9 wells. The samples originate from the Panonian and Pon-
tian sediments. They are mainly marl and siltstone.

The palynospectral analysis found that two complexes of palyno-
morphs can be distinguished: 

(a) complex dominated by bisaccate pollen grains of conifers, rep-
resented by large number of usual species occurring in Neogene 
(Abiespollenites absolutus, A. maximus, Pinuspollenites macroinsignis, 
Pinuspollenites labdacus). A significant percentage of arcto tertiar 
(mostly moderately warm) elements, Tsuga  and Larix, with pollen 
Abies represents a permanent arcto tertiar elements in Badenian 
and Sarmatian. Taxodiaceae and Cupressaceae are in some samples 
abundant and, along with Laevigatosporites haardti and Myrica pol-
len, indicate marshy areas.

Biostratigraphic analysis of palinospectras shows Badenian age of 
sediments and palaeoecological analysis proved  a sub-tropical cli-

mate with influence of arcto tertiar elements.

(b) complex in which angiosperms (Carya, Pterocarya, Alnus, Jug-
lans, Tricolpopollenites, Sciadopityspollenites) and gymnosperms 
(Abiespollenites absolutus, A. maximus, Pinuspollenites macroinsignis, 
Pinuspollenites labdacus, Podocarpidites with several types, with 
several types of Zonalapollenites) are relatively equally presented. 
Among the angiosperms, there is noticeable presence of Grammi-
naea, and in some spectra of Chenopodiaceae.

Based on the characteristics of palinospectras, age of the sediment 
was determined as Sarmatian (presence of Sciadopityspollenites, 
which occurs only in Sarmatian, and the presence of Graminidites).

Climate during Sarmatian was warm and mild. Sarmatian paleop-
alinological complex contain species of xerophilic families such 
as Chenopodiaceae and Gramminaea, most probably due to the dry 
climate, and that is the only difference between Sarmatian and 
Badenian microflora.

 Key Words: Palynomorphs, Biostratigraphy, Paleoecology, Neo-
gene, Banatsko Aranđelovo.
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Brown coal deposits of the Lower Rhine Basin, northwest Germa-
ny, covering the time-span from the late Aquitanian to Serravallian 
and most of the Tortonian allow for studying vegetation dynamics 
during the Mid-Miocene Climatic Optimum and Late Miocene 
Cooling. Based on a total of 400 microfloras sampled from brown 
coal seams exposed in the Hambach and Inden open cast mines 
structural changes in the vegetation can be studied under the com-
paratively stable environmental conditions of persisting coastal 

mires. In order to minimize the impact of local edaphic conditions 
in the peat bog such as oscillations of the groundwater level, the 
palynomorph record is interpreted at the level of diversity of plant 
functional types (PFTs). The pollen and spores recovered from the 
samples are assigned to a total of 26 herbaceous to arboreal PFTs, 
based on their botanical affinity.

The PFT diversity spectra obtained from the microfloras reveal a 
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variable proportion of herbaceous to shrubby functional types at-
taining ca. 30 % at a mean, in both the middle and late Miocene 
sample sets. With ca. 70 % of the total diversity attributable to ar-
boreal functional types the peat-forming vegetation of the studied 
Miocene strata basically represented a swamp forest. This interpre-
tation is in line with earlier reconstruction based on the study of 
fossil woods. When regarding the composition of the arboreal frac-
tion in the diversity spectra it is shown that the proportion of the 
dominantly thermophilous evergreen types among broadleaved 
PFTs shows long-term trends that follow the overall climate evo-
lution throughout the studied time-span, as e.g. known from ma-

rine archives. Conifers became more diverse during the Langhian 
(ca. 15 %, at a mean), and were at a high level (ca. 20 % at a mean 
of the total PFT diversity) in the Tortonian. Both, the diversity pro-
portions of conifer PFTs among other arboreal components, and 
the composition of the broadleaved angiosperm PFT fraction dis-
play a pointed short-term variability that probably can be related 
to eccentricity cycles when considering the available independent 
stratigraphic framework.  Our results suggest a distinct coupling of 
the structure of the peat-forming vegetation and continental cli-
mate variability in the study area.
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Palaeofloras of Paleogene in Serbia are relatively rare, especially com-
paring them with floras from Neogene sediments. Most Paleogene 
phytoassociations from the territory of Serbia existed in dry and 
warm climate. The youngest Paleogene phytosociation originates 
from the “Pranjani Basin” (western Serbia), locality Kamenica. Age 
of this paleoflora is determined as Late Oligocene. This fossil plant 
assemblage is different from other phytoassociations of Paleogene. 
Pranjani Basin is part of the Zapadna Morava graben. The Zapad-
na Morava graben is the largest Intradinaric depression extending 
NW-SE. This Graben is characterized with large subsidence of the 
Ottnangian-Karpatian. The central graben sank deepest down, 
more than 2000 metres.

Fossil plants are collected from the locality Kamenica river (left 
bank) in village Kamenica. Leaf imprints presently studied origi-
nate from from a dark-gray, very compact marls which lies across 
the serpentine. These sediments are characterized with large 
thickness.

Leaf imprints are well preserved and it suggest on relatively prox-
imity of paleovegetation to deposition basin. In sediments with 
fossil plants are found fish remains (Hiodontidae). More than fifty 
plant taxons are determined.

Palaeophytoassocioation from the Kamenica is characterized with 
leaf imprints larger than in other Paleogene fossil floras. Also, it 
differs in taxonomical composition. Prevailing forms are represen-
tatives of broad-leaved evergreen forests. In older Paleogene sedi-
ments these forms are extremely rare.

In this paleofitoassociotion dominate the conifers, especially Pi-
nus paleostrobus, Sequoia, Libocedrus. Representatives of the 
broadleavs evergreen forests of are presented with Laurus, Quer-
cus, Ficus et. al.

In Serbia Paleogoene fossil flora predominantly suggests to warm 
and dry paleoclimate. Fossil remains from Kamenica locality is 
different. According on CLAMP analysis it suggest on humid and 
warm climate. Also paleoflora from this locality is youngest among 
Paleogene floras in Serbia.

Palaeoclimate estimates derived from the woody dicotyledonous 
angiosperm from the Kamenica locality indicate the climate was 
warm and humid, subtropical-tropical.

Such favorable environmental and climate conditions were re-
flected in the vigor of vegetation in Late Oligocene.
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The content of palynomorphs, primarily dinoflagellate cysts, is 
analysed in samples from the middle Miocene in the E-8X core 
(supplemented with cutting samples), from the Danish part of the 
North Sea, southeast of the Tyra Field.

Lithostratigraphically the studied succession comprises the upper-
most Lark Formation of the Hordaland Group and the lowermost 
Nordland Group. Parts of the succession are very rich in biogenic 
silica.

The interval spans the change from the global Mid-Miocene Cli-
matic Optimum (late Burdigalian to Langhian) to a cooler climate 
in late Langhian/Serravallian. Yet, the palynomorph assemblages 
in the palaeo-North Sea Basin, as it was relatively restricted, may 

also have been prone to regional controls.

The cooling in the Langhian resulted in a global eustatic sea-level 
fall. However, due to subsidence of the North Sea Basin a trans-
gression occurred. The presented project aims at documenting the 
changes in the dinoflagellate cyst assemblages and in the assem-
blages of sedimentary organic particles during these environmen-
tal changes.

The dinoflagellate cyst stratigraphy is based on the zonation by 
Dybkjær & Piasecki (2010), and the palynomorph assemblage is 
analysed for palaeo-environmental changes, such as salinity, tem-
perature, productivity and distance to land.
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Lacustrine sediments of a small pull-apart basin at Grube Prinz 
von Hessen, 5 km NE of Darmstadt (Southwest Germany), have 
been analyzed palynologically in order to reveal long- and short-
term interaction of climate and environment across the last nat-
ural greenhouse system in Central Europe. The lacustrine succes-
sion includes 34 m of clastic sediments which are overlain by 54 m 
of finely laminated bituminous claystone and lignite. In a first step 
the complete section has been covered by samples in 2 m intervals. 
Based on palynological index fossils it can now be proven that the 
lake basin must have persisted for some millions of years from the 
latest Early Eocene into the Middle to Late Eocene. Statistical anal-
yses of the diverse and well-preserved palynoflora reveal 5 distinct 
associations throughout the sedimentary record. There is a strong 
correlation between major changes in vegetation and lithology 
which was controlled by factors such as tectonics and climate. In 

a second high resolution study palynological data from a c. 13 m 
thick part of the succession which is characterized by a regular 
alternation of lignite layers and mudstones have been analysed. 
The results show a correlation to lake level fluctuations including 
short time establishment of an open lake. Nevertheless, since no 
rooting structures have been observed below the lignites and some 
of them show erosional structures at their base, an allochthonous 
origin for the organic material in the lignite layers is suggested. 
It has been redeposited from material which was eroded around 
the lake, probably due to tectonic activity. Therefore, an orbital 
control of lake level fluctuations responsible for the regular occur-
rence of lignites cannot be proven. Nevertheless, cyclic abundance 
fluctuations of palynomorphs indicate an orbital influence and 
therefore a climate control on vegetation changes independently 
of lake level fluctuations.
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The efficacy of modern grass phytolith morphometry and fre-
quency data for distinguishing deltaic sub-environments has 
been examined on 40 surface soil samples collected from differ-
ent eco-successional zones of the Sunderbans delta, West Bengal, 
India. The representation of diverse grass phytolith mophotypes 
and their frequency of occurrence in the surface soil samples have 
helped in discriminating different deltaic sub-environments par-
ticularly the true mangrove zones from mangrove associated and 
the non-mangrove zones. Among the 40 surface soil samples, 19 
samples from true mangrove zone yield high frequencies of ellip-
soid rondel, spool/horned tower, flat tower and four horned ron-
del morphotypes. Twenty one surface soil samples collected from 
the mangrove associated and non-mangrove zones display domi-
nance of lobates (bilobate, polylobate), cross, short saddle, plateau 
saddle, long saddle, collapsed saddle and keeled rondel morpho-
types. Furthermore, two eco-successional zones under true man-
grove environments (Swampy mangroves or intertidal mangrove 
zone and tidal mangrove zone) and three zones under mangrove 
associated and non-mangrove environments (True Mangrove de-
cline zone, zone of colonization of non-littoral species and xero-
phytic non mangrove & dry-evergreen forest zone) could also be 

differentiated with little overlapping. These phytolith data are 
further subjected to Discriminant Function Analysis (DCA) which 
successfully distinguished the respective deltaic sub-environ-
ments. Two late Quaternary sub-surface sedimentary profiles from 
this region were further studied to reconstruct past depositional 
environment. Depending on the fossil grass phytolith assemblag-
es two depositional environments comparable to the present day 
eco-successional zones of the Sunderbans delta have been identi-
fied in the Suryapur subsurface profile (22°18'35''N; 88°27'41''E). 
Environment of deposition at zone II (depth 290 cm – 0 cm; age 
4290 cal a BP to recent) corresponds with the mangrove associat-
ed and non-mangrove zones whereas zone I (depth 390 cm – 300 
cm; age 4750 cal a BP – 4290 cal a BP) is comparable to the true 
mangrove environments. The sub-surface sediment from Mollar 
Chawk profile (22°5'20.05''N; 88°15'55.67''E) reveals that zone I 
and zone II (depth 620 cm – 370 cm; age 13677 cal a BP – 3788 cal 
a BP) exhibiting fossil grass phytolith assemblages represent a true 
mangrove environment with discernable tidal influence whereas 
zone III (depth 360 cm – 0 cm, 3788 cal a BP to recent) indicates a 
mangrove associated and non-mangrove environment with little 
or no tidal influence.
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Reindeer (Rangifer tarandus) is the most dominant large herbi-
vore affecting the vegetation of the northern Fennoscandia. The 
combined human-animal agency e.g. concentrated grazing and 
trampling by semi-domesticated reindeer herds, has changed 
the vegetation by creating graminoid-dominated green patches 
throughout the Arctic, especially in Fennoscandia and northern 
Russia. The effect of these activities on local vegetation may persist 
for centuries.

Suollagavallda site is located in the Scandinavian Alpine area in 
northern Sweden. The study area is in a mountain valley with 
numerous ancient dwelling sites indicated by several Stallo foun-
dations and stone hearths. The discussion in recent decades have 
been whether these settlements are remains of the camp sites of 
wild reindeer hunters or represent an early phase of reindeer herd-
ing and pastoralism with settlement, even during winter. The site 
has been chosen for a high-resolution pollen and coprophilous 
fungal spore analysis, because the archaeology itself does not re-
veal much about the history of activities on site during the late 
Iron Age and Early Medieval Period. Our hypothesis is, that Sami 
have also practiced reindeer milking in the area during the sum-
mer months, and the animals have been kept on site for several 

weeks at the time, year after year repeatedly over several genera-
tions, which has had its effect on the vegetation structure, cover, 
and composition.

The abandoned milking sites can usually be spotted from the sur-
rounding areas because of their rich herb flora. The vegetation 
change can be very persistent. Several ecological mechanisms con-
tribute to the long-term stability of the historical milking grounds. 
Recent studies from the Netherlands also show that there is a 
significant relationship between the coprophilous fungal spore 
abundance and local biomass densities of herbivores that can be 
used in the calibration of fossil records.

The results from Suollagavallda profile show a peak of coprophi-
lous fungal spore Sporormiella along with a decline in the percent-
ages of Betula and Salix pollen, and an increase in Juniperus and 
Rumex which are good palynological indicators of grazing in the 
area. The pattern is very similar to some earlier observations from 
other reindeer herding sites in Sweden. The high percentage of co-
prophilous fungal spores in the analyzed samples suggests that the 
method can be used to date the timing and duration of reindeer 
milking in the Suollagavallda valley.
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Non-pollen palynomorphs (NPPs) are highly valuable ecological 
indicators, however their application within African palaeocli-
mate studies is, to date, extremely limited. Previous studies have 
investigated their application in lacustrine studies, but not before 
in a marine setting. Here we present a record of West African mon-
soon positioning and hydrological variability from a 150,000 year 
marine core from the Ogooué Fan, offshore Gabon, inferred from 
NPP data. Algal morphotypes are interpreted as indicating terres-
trial surface water extent reach a maximum during the mid-Ho-

locene African Humid Period. Algal prominence co-varies with 
fungal morphotype incidence; a fungal maximum during Marine 
Isotope Stage (MIS) 5b indicates maximum precipitation. Aquatic 
NPPs, representative of larger water bodies, do not appear in the 
record until mid MIS 5 and in conjunction with a dominance of 
lowland rainforest within the corresponding palynological record, 
are interpreted as an indicator of increased precipitation in con-
junction with eccentricity maxima. 
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The interdisciplinary WETSCAPES project studies turnover pro-
cesses in drained and rewetted peatlands in North Eastern Ger-
many to support climate and water protection, and as a basis for 
sustainable (wet) peatland cultivation. The main objective of the 
project is to understand the development and functioning of 
drained peatlands after rewetting.

For high resolution analyses we sampled peat monoliths from 
pairs of drained and rewetted sites in a percolation mire, in a coast-
al wetland, and in two adjacent alder carrs. The monoliths were 
cut into 0.5 cm contiguous slices which were subsampled for a set 
of analyses: micro fossils (palynomorphs), macro fossils, microbial 
DNA (methanogens, [de]nitrifiers) and soil chemistry (elements, 
carbon species).

Here we present the results from a percolation mire that was 
drained for agriculture in the late 1960s. The site was rewetted in 
1997. It is now water-logged during the whole year. Vegetation 
is dominated by sedges (Carex spec.). The monolith of 55 cm in-
cludes about 10 cm of newly formed plant material (litter, roots 
and radicels) underlain by a 25 cm thick layer of compacted and 
highly decomposed, amorphous peat material (the former culti-
vated grassland soil). Below lies a well preserved original peat. Re-
cent roots and radicels are found throughout the profile.

We describe the non-pollen palynomorph assemblages in order to 
characterise different decomposition stages to trace i) the decay of 
the original peat caused by the former drainage and ii) the aging of 
recently deposited material on its way to form new peat.

The combination of different analyses will hopefully provide new insights into the identity and indicator value of NPP types.
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The Kungur forest-steppe is the most northern outpost of the Eu-
ropean forest-steppe zone, the ecotone biome between woodlands 
and open landscapes stretching from the Carpathians to the Ural 
Mountains. The Kungur forest-steppe is located in the SE Perm re-
gion (Russia) within the zone of the pre-Uralian belt of hemiboreal 
spruce and fir-spruce forests with intermixed broadleaf trees. Due 
to the co-existence of boreal, temperate and steppe species, this is-
land is characterized by high plant diversity and represents an im-
portant biodiversity hot-spot in the boreal zone. Intensive agricul-
ture, pasture, and lumbering are leading to the loss of this unique 

steppe ecosystems. For sustainable protection management, a 
background in vegetation history is a necessary requirement. Sev-
eral driving factors for the origin of the Kungur forest-steppe were 
proposed by botanists and geographers: geology, the climate of 
the past, or humans. However, no palaeoecological studies were 
implemented in order to understand its history. The project aims 
to understand the phenomenon of the Kungur forest-steppe in 
terms of its formation and dynamic within the hemiboreal zone of 
the pre-Urals. For this, peats and lacustrine sediments from Kun-
gur forest-steppe are being studied in comparison to those from 
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the typical hemiboreal forests. Studies on pollen and non-pollen 
palynomorphs (NPP) provide a basis for the reconstruction of veg-
etation and environmental history of both regions. While pollen 
is used for reconstructions of the vegetation history, NPP indicate 
other important processes for the landscape dynamic such as 

pasture, erosion intensity or eutrophication. Since just few pol-
len studies and no NPP studies are known from the entire Perm 
region, in this work I would like to present the first results of the 
project with a special emphasis on NPP implementation and in-
terpretation.
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TESTATE AMOEBAE AS A PROXY FOR RECONSTRUCTION OF PALAEO-HYDROLOGICAL 
REGIME IN PEATLANDS: A CASE STUDY FROM THE EASTERN-EUROPEAN PLAIN

Yuri Mazei1,2, Andrey Tsyganov1, Natalia Mazei2, Richard John Payne3 
1Penza State University, Penza, Russian Federation. 2Lomonosov Moscow State University, Moscow, Russian Federation. 

3University of York, York, United Kingdom 

Testate amoeba transfer functions are widely used for reconstruc-
tion of palaeo-hydrological regime in peatlands. We investigated 
the effect of water table depth on the species structure of testate 
amoeba assemblages in peatland ecosystems of European Russia. A 
transfer function for quantitative palaeo-reconstructions has been 
developed. This involved the establishment of a training dataset, 
construction of models, and testing of their performance. The 
model constructed by weighted averaging regression was adopted 
as optimal. In order to validate this transfer function we investigat-
ed its performance along localised hydrological gradients (in four 
Sphagnum-dominated sites in European Russia), which is a useful 

analogue for predictive ability through time. The performance of 
the transfer function with the independent test-set was generally 
weaker than for the leave-one-out or bootstrap cross-validation. 
However, the transfer function was robust for the reconstruction 
of relative changes in water-table depth, provided the presence of 
good modern analogues and overlap in water-table depth ranges. 
This transfer function was applied in reconstructions of Holocene 
climate history in several peatlands of European Russia.

The work was supported by the Russian Science Foundation (grant 
14-14-00891).

P165

STAMPS OF POLLEN AS AN ARTISTIC TECHNIQUE FOR PALYNOLOGICAL DIVULGATION

Vojtěch Abraham 

Faculty of Science, Charles University, Prague, Czech Republic 

Microscopic objects have shapes and ornamentations, which are 
worth showing. Presentation of pollen through pictures and the 
sharing of copies in handouts is possible. However, in exercise 
books students need to cut and stick the pictures, which does not 
always look good. I present stamps as a artistic technique for teach-
ing and spreading pictures of pollen grains in an unlimited num-
ber on any smooth material (paper, textile, wood or iron).

Determination of pollen is possible only by combination of char-
acteristic features, which can be seen on the surface, inside exine 
or in a cross section. So, we usually need several photorgaphs from 
different optical levels. Drawings can overcame this problem easi-
ly, but they take time. Thus I combined both techniques and came 
up with contrast images as stamp templates.

The design process does not need any special programmes and 
expensive devices, I used Canon EOS 100D and open source pro-
grammes: DigiCamControl, which allows you to connect any 
reflex camera to the computer, GIMP and its functions: bleach, 
threshold, brush, cutting pasting ... etc. and Inkscape, which con-
verts the raster image into a vector. Vector image is the required 
format by companies producing classical stamps. Give a try and 
make pollen stamps of your study period/area!

The stamps preserve the difference in size of pollen taxa, all of 
them are magnified ca. 1100 times. I will carry stamps of Pinus, Til-
ia, Alnus and Corylus pollen and two wash-resistant stamp colours 
(yellow and black). Bring your paper notebooks, clothes or what-
ever, stamp or get stamped by pollen!
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THE MAASTRICHTIAN KAKANAUT FLORA OF THE NORTH-EAST OF RUSSIA

Anastasia Gnilovskaya 

Komarov Botanical Institute of Russian Academy of Sciences, Saint Petersburg, Russian Federation 

Numerous fossil plants were found in deposits of the Kakanaut 
Formation, which is exposed in the Kakanaut River Basin, south-
eastern part of the Koryak Upland, in the North-East of  Russia. 
Nonmarine volcanogenic-terrigenous sediments of the Kakanaut 
Formation consist of tuffs, tuffites and andesibasaltic rocks, tuffa-
ceous sandstones and siltstones (Volobueva, Terekhova, 1974). 
These deposits were accumulated in coastal lowlands near an ac-
tive volcano (Volobueva, Krasniy, 1979; Golovneva, Shczepetov, 
2010). The age of the Kakanaut Formation was determined as early 
late Maastrichtian (Golovneva, Shczepetov, 2010).

The Kakanaut floristic assemblage contains more than 50 species, 
including bryophytes, horsetails, ferns, cycadophytes, ginkgos, 
conifers and angiosperms. The prevailing groups are conifers and 
angiosperms. The cycadophytes (Nilssonia, Encephalartopsis) and 
Ginkgo are abundant in some layers, usually forming monodom-
inant associations. The conifers are represented by the families 
Cupressaceae and Pinaceae as well as several genera of unknown 
systematic position. Angiosperms include about 30 species from 
the following families: Platanaceae (Platanus), Hamamelidaceae 
(Platimelis), Betulaceae (Craspedodromophyllum), Fagaceae (Fa-
gopsiphyllum) and Rosaceae (Peculnea, Arctoterum), Cercidiphyl-
laceae (Trochodendroides). The other genera, such as Zizyphoides, 
Celastrinites, Cissites, Liriophyllum and Kakanautia appear to be-
long to ancient groups, exhibiting no clear phylogenetic links to 
modern taxa.

The Kakanaut flora is the richest Maastrichtian palaeoflora of the 
Arctic area. This flora considerably differs from the Maastrichtian 
floras of Sakhalin and Canada, at both the generic and specific lev-
els. Noteworthy, that the Early Cretaceous relict elements, such as 
Pterophyllum, Nilssonia, are encountered in the Kakanaut flora 
together with representatives of typical Paleogene families Fagace-
ae, Rosaceae and Betulaceae.

This formation also has a rich dinosaur fauna which includes rep-
resentatives of seven families (Godefroit et al., 2009). Mean annual 
temperature in this area according to a CLAMP-analysis was about 
10 °C, and mean temperature during cold months was 0 °C - 6 °C. 
Although climatic conditions in the Kakanaut area were signifi-
cantly warmer than now, because cold winters are usually con-
sidered to be incompatible with existence of large thermophilic 
reptiles.

The analysis of species composition and plant life-forms allows us 
to reconstruct certain types of vegetation that may have grown in 
this coastal lowland. They are: cycadophyte (Nilssonia, Enceph-
alartopsis) shrubby communities; Ginkgo forests; flooded conifer 
forests with Parataxodium, Glyptostrobus and Mesocyparis; ri-
parian forests with a predominance of Platanus and Trochoden-
droides; redwood forests with a predominance of Sequoia and an 
admixture of certain other conifers and angiosperms; fern marsh 
and water vegetation with Quereuxia angulata. 
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PALAEOENVIRONMENTAL RECONSTRUCTION OF THE LATE CRETACEOUS IHARKÚT 
(HUNGARY) DINOSAUR LOCALITY BASED ON ANGIOSPERM MESOFOSSILS

Emese Bodor1,2, Gábor Botfalvai3, Maria Barbacka4,5, Attila Ősi2 
1Mining and Geological Survey of Hungary, Budapest, Hungary. 2Eötvös Loránd University, Department of Paleontology, 

Budapest, Hungary. 3Eötvös Loránd University, Department of Paleontology, Department of Physical and Applied Geology, 
Budapest, Hungary. 4Hungarian Natural History Museum, Department of Botany, Budapest, Hungary. 5W. Szafer Institute of 

Botany, Kraków, Poland 

At the end of the Santonian Age of the Late Cretaceous Epoch, a 
considerable landmass existed in the area of the Transdanubian 
Mountain Range (Hungary). A more detailed study of the world-
wide known dinosaur locality, Iharkút is important  because there 
are fewer than a dozen Late-Cretaceous localities in Europe where 
plant remnants are fossilised together with vertebrate remains. Its 
fauna is already substantially well understood, however, there is 
only a little knowledge about the vegetation that existed here.

The studied mesofossils that poorly tolerated transport, thus, 
provide information only about areas close (a few tens – hundred 
meters) to their habitat. The dominant form in the bone bed is a 
new Normapolles-related mesofossil genus (Sphaeracostata bar-
backae). These fruits are small, spherical to ovoid in shape with 
a ribbed surface. The inner structure is always divided by an en-
dopleura which most likely represents the cotyledon. The second 
most common form is related to Magnoliaceae. These Padragku-
tia fossils are closely related to recent Liriodendron. Both groups 
represent the canopy level. Based on endocarp morphology, Sabia 

menispermoides was also described from the locality – the recent 
family Sabiaceae consists of trees, shrubs, and lianas. Hamameli-
daceae and Urticaceae seeds are also reported. Angiosperms dom-
inate the macroflora as well. Monocots are represented mainly by 
Pandanites leaves. The most common leaf fossils found are dicots.

Based on these preliminary results on plant remains, a Nor-
mapolles-dominated forest with herbaceous angiosperm- and 
fern-dominated understory growing in a tropical or subtropical 
climate can be reconstructed at this locality.  

The project has been implemented with the support provided 
from the National Research, Development and Innovation Fund 
of Hungary, financed under the PD-124971; FK-125198; K-116665 
funding scheme.   The studies were financially supported by the 
MFGI (Geological and Geophysical Institute of Hungary) 11.1 
project between 2012 and 2017, later by the MBFSZ (Mining and 
Geological Survey of Hungary).
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PLANT MESOFOSSILS FROM THE CAMPANIAN–MAASTRICHTIAN OF LO HUECO, 
CUENCA, SPAIN

Véronique Daviero-Gomez1, Bernard Gomez1, Abel Barral1, Francisco Ortega2 
1Université Lyon 1 / CNRS-UMR 5276, Villeurbanne, France. 2Grupo de Biología Evolutiva, Facultad de Ciencias, UNED, 

Madrid, Spain 

Well-preserved megafossils of plants, molluscs (bivalves and gas-
tropods), actinopterygians and teleosteans fishes, amphibians, 
panpleurodiran (bothremydids) and pancryptodiran turtles, 
squamate lizards, eusuchian crocodyliforms, rhabdodontid or-
nithopods, theropods (mainly dromaeosaurids), and titanosaur 
sauropods have been reported from the Campanian–Maastrich-
tian locality of Lo Hueco, near the village Fuentes, Cuenca prov-
ince, Spain (Ortega et al., 2015). This exceptional palaeontologi-
cal assemblage was deposited in a near-coast continental muddy 
floodplain influenced intermittently by freshwater, brackish and 
marine environments as well as desiccation events. Palynology 
indicated a large dominance of angiosperms (80%, more than 20 
taxa) associated with conifers and ferns (Peyrot et al., 2013). A few 
plant megafossils include Brachyphyllum- and Pagiophyllum-type 
conifers, rare specimens resembling the freshwater free-floating 
hydrophyte Limnobiophyllum, a probable inflorescence head, 
and several types of unidentified seeds (Ortega et al., 2015). We 

provide for the first time a preliminary description of a diverse 
plant mesofossil assemblage extracted after washing and sieving of 
the rock matrix surrounding the animal fossils. 

Ortega, F., Bardet, N., Barroso-Barcenilla, F., Callapez, P.M., Cam-
bra-Moo, O., Daviero-Gomez, V., Díez Díaz, V., Domingo, L., Elvi-
ra, A., Escaso, F., García-Oliva, M., Gomez, B., Houssaye, A., Knoll, 
F., Marcos-Fernández, F., Martín, M., Mocho, P., Narváez, I., Pérez-
García, A., Peyrot, D., Segura, M., Serrano, H., Torices, A., Vidal, D., 
Sanz, J.L. 2015. The biota of the Upper Cretaceous site of Lo Hueco 
(Cuenca, Spain). Journal of Iberian Geology 4,183–99.

Peyrot, D., Barroso-Barcenilla, F., Cambra-Moo, O. 2013. Paleoecol-
ogy of the late Campanian/early Maastrichtian Fossil-Lagerstätte 
of“Lo Hueco” (Cuenca, Spain): Palynological insights. Palaeogeog-
raphy, Palaeoclimatology, Palaeoecology 387, 27–39.
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THE CRETACEOUS FLORA OF WESTPHALIA, GERMANY, REVISITED

Christian Pott 

LWL-Museum of Natural History, Westphalian State Museum with Planetarium, Muenster, Germany 

The Münsterland Basin is the largest continuous Cretaceous de-
posit in Germany, but the marine strata are commonly not very 
rich in plant fossils. The exceptions are various localities at the 
basin margins that indicate the Cretaceous coastline. From the 
north-eastern basin margin, a few fern frond fragments have been 
reported from Aptian strata, while almost no macrofossil remains 
are known from coeval deposits of the southern margin. The oldest 
of the several remains from the southern basin margin is a Geinit-
zia-bearing specimen from the Cenomanian together with some 
indeterminable wood fragments. In the Turonian, a quite diverse 
angiosperm flora developed in Westphalia along the southern 
margin of the Münsterland Basin, including Laurophyllum, Myri-
ca, Proteoides and Salix together with few Geinitzia and Sequoia 
fragments, whereas remains reported from the Coniacian include 
only a few leafy Geinitzia twigs. The angiosperm flora re-flour-
ished in the Santonian, including seven angiosperm genera (Cred-
neria, Debeya (Dewalquea), Proterophyllum, Lauraceae, amongst 
others) and one gymnosperm, reported from the southern margin 
of the basin. The highest diversity of the flora was achieved so far 
in the Campanian. In the Baumberge hills northwest of Münster, 
Hosius and von der Marck (1880) described a flora containing 
fern fragments, several gymnosperm taxa and a diverse array of 

angiosperm taxa assignable to Fagaceae, Lauraceae, Myricaceae, 
Platanaceae, amongst others, including several sea grasses. Since 
then, work and interest in the Cretaceous flora from Westphalia 
ceased, except for a few reports of individual specimens and taxa 
in local literature. Recent case studies (e.g., Halamski & Kvacek 
2013) already have suggested that many of the taxon names are 
outdated. Thus, thorough identification of the original material 
is warranted demonstrating the Cretaceous flora of Westphalia be-
ing in strong need of a revision. As a consequence, and since the 
fossil assemblage contains a number of specimens being types, a 
research project studying the original plant fossil material of the 
Cretaceous strata of Westphalia has been initiated by the author, 
involving the examination of the original localities, as far as they 
are accessible after almost 150 years of dormancy. 

References.

Halamski AT, Kvacek J. 2013. The type specimen of Debeya (De-
walquea) haldemiana rediscovered. Acta Mus Nat Pragae 69, 83–86.

Hosius A, von der Marck W. 1880: Die Flora der westfälischen 
Kreideformation. Palaeontographica 26, 125–241.
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NON-POLLEN PALYNOMORPHS (NPPS) FROM ALDER CARR SURFACE SAMPLES (NE 
GERMANY)- A TOOL FOR RECONSTRUCTING PAST SITE CONDITIONS –

Anja Prager, Alexandra Barthelmes 

Institute of Botany and Landscape ecology, University of Greifswald, Greifswald, Germany 

Alnus glutinosa woodlands on fens, the so called Alder carrs, occur 
widespread across Europe. Alder carrs occupy sites with base rich, 
moving groundwater and a stable water table. They are considered 
an azonal terminal vegetation type.

Alder cultivation for timber or biofuel is an option for responsible 
use of peatlands (paludiculture) that preserves the peat and re-
duces greenhouse gas emissions. The question remains, however, 
which water level is ideal to guaranty high yields on the one side is 
and peat preservation or even sequestration on the other side. We 
have shown earlier that long term accumulation rates (LORCAs) in 
Alder carrs range from 40 to 130 g m-2 yr-1.

To find out, whether different LORCAs are related to specific site 
conditions, we use a palaeoecological approach. Analysis of pol-
len and macrofossils alone does not allow to reconstruct past site 
conditions because these remnants are often poorly preserved or 
do not differentiate Alder carrs in different site conditions. NPPs 

provide valuable additional information for better understanding 
of the palaeo-record.

To increase the number and spectrum of interpretable NPPs, we 
studied NPP assemblages in surface samples from a range of Alder 
carrs growing under different site conditions. At each site, samples 
from different micro-sites were collected and a range of site pa-
rameters was measured. In result, more than a 100 NPP types were 
newly described mainly fungal spores and remnants of corroded 
wood. While a number of NPPs allowed distinguishing open and 
forest phases in Alder wood peat, the newest NPP types additional-
ly allow distinguishing Alder carr types that grow in different site 
conditions.

This improved tool set allows refined analysis of peat sequences, 
i.e. enables to link LORCAs with different Alder carr types that rep-
resent different site conditions. These results help to identify best 
site conditions for responsible Alder cultivation on peatlands.
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RECONSTRUCTION OF ATMOSPHERIC CO2 CONCENTRATION DURING THE LATE 
CHANGHSINGIAN BASED ON FOSSIL CONIFERS FROM THE DALONG FORMATION IN 

SOUTH CHINA

Hui Lia,* , Jianxin Yua, b, *, Jennifer C. McElwainc, Charilaos Yiotisd, Zhong-Qiang Chenb, a School of Earth Science, China 
University of Geosciences, Wuhan 430074, China, b State Key Laboratory of Biogeology and Environmental Geology, China 

University of Geosciences, Wuhan 430074, China , c School of Natural Sciences, Department of Botany, Trinity College 
Dublin, Dublin 2, Ireland, d School of Biology and Environmental Science, Earth Institute, University College Dublin, Belfield, 

Dublin 4, Ireland

A single species of fossil conifer with well-preserved cuticles from 
multiple layers of the Dalong Formation in two sections in Duan-
shan Town, Guizhou Province, Southwestern China has been used 
to reconstruct palaeo-atmospheric pCO2. The age of these layers 
can be dated back to the late Changhsingian (latest Permian), cor-
responding to the Clarkina changxingensis and Clarkina yini cono-
dont zones. Two calibration approaches were employed in this 
study. Using the stomatal ratio method, the pCO2 curves of the 
two sections showed similar trends, with levels decreasing in the 
middle of the profile, and similar ranges at ca. 340-510 ppm and 
ca. 300-440 ppm. Similar values (ca. 360-520 ppm), yet with wid-
er error ranges, were obtained when the mechanistic model pro-
posed by Franks et al. in 2014 was applied to one of the sections. 
Our results are lower than the mean pCO2 values from coeval 
palaeosols, but will partly overlap with them when taking error 
ranges into consideration. More independent works are needed 

to evaluate the discrepancies between the two proxy methods. 
The low atmospheric CO2 concentrations in this study suggest a 
cool climate rather than glaciation for the brief period of the late 
Changhsingian, which is supported by the oxygen isotope record 
of conodont apatite and a major restructuring of Late Permian flo-
ra and fauna.

KEYWORDS: Carbon dioxide; Cuticles; Stomatal proxy; Mecha-
nistic gas exchange model; Latest Permian; Climatic change 
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