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6.1 
Understanding the biases that control the preservation potential of 
different developmental stages in the marine shrimp, Palaemon varians
Orla G. Bath Enright1, Allison C. Daley1, Lorenzo Lustri1, Jonathan B. Antcliffe1

1 Institut des sciences de la Terre, Université de Lausanne, Geopolis, CH-1015 Basel (orla.bathenright@unil.ch)

The ontogeny of arthropods in the fossil record is well recognized to be highly biased towards the later ontogenic stages of 
their development. Larval and early juvenile stages are rarely preserved, with even the most impressive Lagerstätten either 
preserving large macroscopic or tiny fossils.The exception being the newly discovered Haiyan lagerstätte in China or the 
Orsten biota in Sweden. The Haiyan fossil assemblage has yielded rare and abundant larval and juvenile arthropod 
specimens  making up 51% of all fossil specimens collected (Yang 2021). Such ontogenic data offers invaluable information 
about the developmental biology of this large group and opens a new line for taphonomic investigation into the biases 
controlling early juvenile stages of preservation. 

In modern environments, many marine arthropods lay their eggs in specific maternal environements where the juveniles will 
stay until they reach a later stage of development. The newly grown adult shrimp will then leave that environment and enter 
an entirely different one. With so little juvenile data available in the fossil record, palaeontological recontructions may be 
biased towards considering most palaeo environments to be adult environments, but this may actually be the result of 
taphonomic biases within such assemblages. 

Here we investigate the preservation potential of the common marine shrimp Palaemon varians at varying stages of its 
ontogeny. Decay was observed in an ovigerous female shrimp to fully grown specimens in their adult developmental stages. 
Understanding Palaemon varians decay at different growth stages and body sizes provides important information on the 
relationship between ontogeny and taphonomy, and the impacts on palaeocommunity reconstructions. Our first set of 
experimental results are presented here.

REFERENCES
Yang, X., Kimmig, J, Zhai, D., Liu, Y., Kimmig, S.R., & Peng, S. 2021: A juvenile-rich palaeocommunity of the lower Cambrian 

Chengjiang biota sheds light on palaeo-boom or palaeo-bust environments, Nature Ecology & Evolution, 5(8), 1082-
1090.
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6.2 
News from Mesozoic coelacanths

Lionel Cavin1, Christophe Ferrante1,2, Luigi Manuelli1,3

1 Natural History Museum of Geneva, 1 rue Malagnou, 1208-Geneva, Switzerland (lionel.cavin@ville-ge.ch)
2 Department of Earth Sciences, University of Geneva, Rue des Maraîchais 13, 1205-Geneva, Switzerland. 
3 Department of Genetics & Evolution, University of Geneva, Boulevard D’Yvoy 4, 1205-Geneva, Switzerland.

Latimeria is the only extant representative of the coelacanth fish, with two species roaming the eastern coast of Africa and 
in Indonesia. These iconic fish are nicknamed “living fossils” because of their supposedly slow rate of morphological 
evolution. Fossil records of coelacanths are missing in the Cenozoic, but there was fair diversity during the Mesozoic. Most 
Mesozoic taxa belong to two families, the Mawsoniidae and the Latimeriidae, grouped together in the Latimeroidei. In this 
contribution, we review some recent discoveries in these two families studied by our team.

Mawsoniidae were first described from the Cretaceous of Western Gondwana (Africa and South America), then in the 
Triassic of North America. Recent discoveries have shown that this family was also present in marine deposits of the 
Triassic of Europe (Deesri et al., 2018) and in freshwater deposits of the Late Cretaceous of Europe (Cavin et al., 2016, 
2020). Recently, a fragment of a giant Jurassic mawsoniid was discovered in the collection of the Natural History Museum 
of Geneva, and a re-examination of body-size reconstructions in the family showed that the low morphological disparity was 
counterbalanced by the disparity of body size (Cavin et al., 2021). A handful of bones referred to Mawsonia were recently 
discovered in the Late Cretaceous of Texas, USA, changing the evolutionary history of the genus. It now appears that this 
genus, and its sister genus Axelrodichthys, have stratigraphic ranges that may extend from the Late Jurassic to the end of 
the Cretaceous, or nearly 100 million years (Cavin et al., Submitted). The evolutionary history of Mawsonia is a model for 
understanding the evolutionary history of Latimeria, which has no fossil record but whose genome indicates the origin of the 
genus several tens of millions of years ago (Kadarusman et al. , 2021). Recent studies on the genetic origin of gigantism in 
vertebrates (Weber et al., 2020) and on the life cycle of Latimaria (Mahé et al., 2021) are avenues of exploratory research 
to understand the slow evolutionary rate and the large body size observed in some latimeroids.

The fossil record of Latimeriidae began in the Middle Triassic, notably with a middle Triassic coelacanth from Graubünden, 
eastern Switzerland, showing a very unusual morphology (Cavin et al., 2017). The recognition in the collection of the 
Paläontologisches Institut und Museum in Zurich of specimens of coelacanth from the Middle Triassic of Monte San 
Giorgio, sharing superficial characters with Foreyia from Graubünden, was the occasion to launch a detailed study of the 
anatomy and the relationships of this new form (Ferrante et al., 2017, in progress). Cladistic analysis revealed a close 
affinity with Foreyia and Ticinepomis, also from Monte San Giorgio, but the new taxon shows autapomorphic characters 
which are derived within the coelacanth clade.

Finally, three specimens of small complete and sub-complete articulated coelacanths preserved in nodules found in the 
Middle Triassic of Lorraine, France, were CT-scanned and are currently being described. The specimens show, among 
other features, an ossified lung visible in 3D. The taxon shares characters with Diplurus. Its inclusion in a cladistic analysis 
will help to understand the phylogenetic position of Diplurus and related taxa, since Diplurus is resolved as a mawsoniid in 
some analyzes (e.g. Cavin et al., 2017) and as a latimeriid in others (i.e. Toriño et al., 2017).

Although the taxonomic diversity of coelacanths has always remained very low during their 420 million years of history, 
these fish exhibit contrasting patterns in the rate and intensity of morphological transformation: some lineages display a 
slow evolution retaining a general coelacanth Bauplan, such as the Cretaceous Mawsonia or the extant Latimeria, while 
others exhibit short bursts of rapid morphological transformation, such as the basal Latimeriids from the Middle Triassic of 
the Alps or an as yet unstudied Late Jurassic specimen from Solnhofen.

REFERENCES  
Cavin, L., Valentin, X., & Garcia, G. 2016: A new mawsoniid coelacanth (Actinistia) from the Upper Cretaceous of Southern 

France, Cretaceous Research, 62, 65-73.
Cavin, L., Mennecart, B., Obrist, C., Costeur, L., Furrer, H. 2017: Heterochronic evolution explains novel body shape in a 

Triassic coelacanth from Switzerland, Scientific Reports, 7, 13695.
Cavin, L., Buffetaut, E., Dutour, Y., Garcia, G., & Le Loeuff, J., et al. 2020: The last known freshwater coelacanths: New Late 

Cretaceous mawsoniid remains (Osteichthyes: Actinistia) from Southern France, PLOS ONE, 15, e0234183.
Cavin, L., Piuz, A., Ferrante, C., & Guinot, G. 2021: Giant Mesozoic coelacanths (Osteichthyes, Actinistia) reveal high body 

size disparity decoupled from taxic diversity, Scientific Reports, 11, 11812.
Deesri, U., Cavin, L., Amiot, R., Bardet, N., Buffetaut, E., et al. 2018: A mawsoniid coelacanth (Sarcopterygii: Actinistia) from 

the Rhaetian (Upper Triassic) of the Peygros quarry, Le Thoronet (Var, southeastern France), Geological Magazine, 155, 
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between two lineages of Indonesian coelacanths, Scientific Reports, 10, 192.
Mahé, K., Ernande, B., & Herbin, M. 2021: New scale analyses reveal centenarian African coelacanths, Current Biology.
Toriño, P., Soto, M., & Perea, D. 2021: A comprehensive phylogenetic analysis of coelacanth fishes (Sarcopterygii, Actinistia) 
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6.3 
Ecomorphology and evolution of the vestibular organ of turtles

Serjoscha W. Evers1,2, Walter G. Joyce1, Jonah N. Choiniere3, Gabriel S. Ferreira4,5, Christian Foth1, Guilherme 
Hermanson1,6, Yi Honyu7, Catherine Johnson2, Ingmar Werneburg4,5, Roger B. J. Benson2,3

1 Department of Geosciences, University of Fribourg, Chemin du Musée 4, 1700 Fribourg, Switzerland  
 (serjoscha.evers@googlemail.com)
2 Department of Earth Sciences, University of Oxford, South Parks Road, Oxford, OX1 3AN, United Kingdom
3 Evolutionary Studies Institute, University of the Witwaterrand, 1 Jan Smuts Avenue, Johannesburg 2000, South Africa
4 Senckenberg Centre for Human Evolution and Paleoenvironment an der Universität Tübingen, Sigwartstrasse 10, 72076  
 Tübingen, Germany
5 Fachbereich Geowissenschaften, Universität Tèbingen, Hölderlinstrasse 12, 72074 Tübingen, Germany
6 Laboratório de Paleontogia de Ribeirão Preto, FFCLRP, Universidade de São Paulo, Ribereirão Preto, Brazil
7 Institute of Vertebrate Paleontology and Paleoanthropology, Beijing 100044, China

The vestibular organ (= labyrinth) of amniotes consists of a series of semicircular ducts, which detect angular accelerations 
of the head and thus provide important sensory input for balance and orientation, by stabalizing the visual field of animals. 
This system is based on fluid dynamics, and morphological changes to the duct system have predicatble effects on the 
physics and thus the sensitivity of the system (e.g. Jones & Spells 1963). On this basis, strong form-function relationships 
have been hypothesized, which should be universally applicable among vertebrates if true. Specifically, these predict that 
some labyrinth attributes, such as the overall size of the system, are indicative of ecological specializations, particularly that 
agile amniotes have larger labyrinths. This relationship could be empirically supported by data from mammals (e.g., Spoor 
et al. 2007), but other groups have only recently been in the focus of studies, casting doubts on the universal applicability of 
most labyrinth form-function hypotheses. For instance, although labyrinth size variation in mammals is related to relative 
agility, the overall large labyrinth size of birds, traditionally linked to their ability to fly, evolutionary preceeded the origin of 
flight (Bronzati et al. 2021). 

Turtles are a great case study in which to test the ecomorphology of the labyrinth: the group has an accellent fossil record 
extending over 230 Million years of evolution, and experienced numerous ecological transitions. These affect their 
locomotion behaviour, particularly secondary marine adaptations (e.g. sea turtles) and secondary terrestrial transitions (e.g. 
tortoises). The study of the turtle labyrinth is complicated by a strong mismatch of the membranous labyrinth organ and the 
endosseous labyrinth cavities that form its bony encasement. The latter can be studied in fossils, but the former determines 
vestibular function. We developed a reconstruction technique based on membranous-endossoeus labyrinth pairs from 
contrast-enhanced computed-tomography (CT) scans of living turtles, which allows us to faithfully reconstruct the 
endolmyphatic fluid flowpaths of the membranous labyrinth from endosseous data. We validated our method with statistical 
integration tests that document high co-variation between reconstructed and actual membranous labyrinths. We then apply 
this reconstruction technique to a large dataset of 168 digital turtle labyrinth specimens, which cover one fourth of extant 
turtle diversity and includes extinct representatives of all major fossil lineages. Our method also allows comparisons with 
the labyrinths of non-turtle amniotes (e.g. Bronzati et al. 2021). We landmarked our reconstructed labyrinth data, and tested 
ecological and other (allometric, spatial braincase constraint) effects on labyrinth size and shape in separate multiple 
phylogenetic regression models. In addition, we optimized residual relative labyrinth size over the phylogeny of turtles to 
study labyrinth size evolution. Turtle labyrinth sizes relative to skull size were further compared to other amniote lineages, 
including mammals, birds, lepidosaurs, and stem-archosaurs.

We find that turtles have unexpectedly large labyrinth sizes, comparable to those of birds. This seriously undermines ideas 
that labyrinth size can predominantly be explained by agility, as turtles are considerably less agile than birds. Evolutionary 
optimization of labyrinth size reveals that turtle labyrinths were ancestrally small, similar to those of stem-achosaurs. The 
labyrinth size increase in turtles coincides with their conquest of aquatic habitats, and may thus have an ecological 
explanation, likely linked to an increased need for visual stabilization during aquatic hunting of life prey. The size increase 
also coincides with the increase of otic capsule size in turtles, which is responsible for the appearance of the unique jaw 
adductor muscle system in turtles – one of the key anatomical trademarks of turtles among amniotes. As the otic size 
increase currently lacks an evolutionary explanation, we put increasing labyrinth sizes forward as a driver of this 
evolutionary development. The ecological interpretation of labyrinth size is supported by statistical models that relate 
secondary labyrinth size reductions to secondary terrestrial ecologies among extant tortoises and extinct terrestrial species. 
Unlike labyrinth size, labyrinth shape (i.e. geometry of the canals) shows no ecological signal. Instead, allometric effects as 
well as the shape of the braincase have significant effects on labyrinth shape. High unexplained residual variation 
nevertheless suggests that there are unknown influences on labyrinth shape. Our models challenge standing hypotheses 
that strongly relate labyrinth shape to ecology, and imply that the shape of the skull has a stronger impact on determining 
labyrinth shape than commonly recognized. 
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6.4 
Crystallographic Characterization of Sea Urchin Skeletal Elements   

Frank Foerster1

 

1 Department für Geo- und Umweltwissenschaften, Ludwig-Maximilians-Universität München, 80333 Munich, Germany 

Echinoids (sea urchins) are marine organisms, which consist of numerous interlocked plates that form the shell. The so-
called test protects the sea urchin’s internal organs and often shows a five-fold symmetry. Attached to the test are primary 
and secondary spines.  Sea urchins are one of many organsims to form calcite exoskeletons, functionalizing the calcite for 
structural stiffening and strengthening of the biological tissue (Addadi et al., 2003). The frequently reported lightweight 
properties in combination with special mechanical properties of the sea urchin skeleton originates from the three-
dimensional highly-porous meshwork of calcite, termed stereom, forming test and spines. In between test plates and spines 
there are well-organized variations of the stereom architecture (Smith, 1980). Although the distinct microstructure may vary 
highly, sea urchins exhibit a highly ordered or almost perfect calcite crystal orientation and mineral organization (Goetz et 
al., 2014).
 
The present study describes the texture pattern of the magnesium calcite in test and spines of Cidaris cidaris in comparison 
to its microstructure and chemical composition. The sea urchin species C. cidaris is common in the Mediterranean Sea and 
lives in the epibenthos. Electron backscatter diffraction (EBSD) measurements reveal differences in crystallographic 
orientation of the test compared to the spines. The c-axes orientation of the single crystal-like test plates is tangential to the 
test curvature in aboral direction. The spine exhibits a bimodal-like texture. The highly co-oriented spine interior shows 
c-axes parallel to the longitudinal axis of the spine. The cortex, surrounding the spine’s core, is polycrystalline with a weak 
co-orientation strength. The c-axes of the cortex forming biominerals are oriented perpendicular to the longitudinal spine 
axis. High-resolution EBSD identified the monocrystalline-like interior of the spine as mesocrystalline structure. Confocal 
laser microscopy and scanning electron microscopy (SEM) imaging reveal the main architectural features of the porous 
magnesium calcite. Test and spine show varying stereom fabrics, depending on the location within the plate and spine. 
Besides the changing texture in the spine’s dense cortex, no correlation between crystallographic orientation and porosity 
pattern could be found. Energy-dispersive X-ray spectroscopy (EDS) detected Ca, Mg, S, Na and Cl in the test and in the 
spine of C. cidaris. All elements are homogenously distributed within the test. Mg concentration of the spines was 
calculated from results gained by X-ray powder diffractometry (XRPD). Similar Mg concentrations for the individual skeletal 
elements were obtained by energy-dispersive X-ray spectroscopy and XRPD. Results obtained by XRPD on pristine spines 
did not show differences between the low-magnesium calcite of primary and secondary spines. However, an additional 
phase, halite (NaCl) could be detected in the spines.
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Figure 1. EBSD map on the cross section of a primary spine of C. cidaris. (a) Color coded orienation map, (b) density distribution pole 
figures with used color key along x1 direction, (c) misorientation profile between cortex and radiating layer, (d) measurement location on an 
image made by a confocal laser microscope.

REFERENCES  
Addadi, L., Raz, S., Weiner, S. 2003: Taking Advantage of Disorder: Amorphous Calcium Carbonate and Its Roles in 

Biomineralization, Advanced Materials, 15, 959-970.
Goetz, A.J., Griesshaber, E., Abel, R., Fehr, T., Ruthensteiner, B., Schmahl, W.W. 2014: Tailored order: The mesocrystalline 

nature of sea urchin teeth, Acta Biomaterialia, 10, 3885-3898.
Smith, A.B. 1980: Stereom Microstructure of the Echinoid Test, Special Papers in Palaentology, 25, pp. 81.
 



11

Sy
m

p
o

si
u

m
 0

6:
  

Pa
la

eo
n

to
lo

g
y

Platform Geosciences, Swiss Academy of Science, SCNATSwiss Geoscience Meeting 2021

6.5 
Ecological and functional controls that correlate with skull shape in 
turtles
Guilherme Hermanson1,2,3, Serjoscha W. Evers3, Bruna M. Farina1,4, Gabriel S. Ferreira5,6, Max C. Langer1, Roger B. J. 
Benson2

1 Laboratório de Paleontogia de Ribeirão Preto, FFCLRP, Universidade de São Paulo, Ribereirão Preto, Brazil  
 (guilhermehermanson@gmail.com)
2 Department of Earth Sciences, University of Oxford, South Parks Road, Oxford, OX1 3AN, United Kingdom
3 Department of Geosciences, University of Fribourg, Chemin du Musée 6, 1700 Fribourg, Switzerland
4 Department of Biology, University of Fribourg, Chemin du Musée 10, 1700 Fribourg, Switzerland
5 Senckenberg Centre for Human Evolution and Paleoenvironment an der Universität Tübingen, Sigwartstrasse 10, 72076  
 Tübingen, Germany
6 Fachbereich Geowissenschaften, Universität Tèbingen, Hölderlinstrasse 12, 72074 Tübingen, Germany

The 230-million year old history of turtles provides evidence of the evolution of a large diversity of habitat and feeding 
ecologies in the group. This diversity has been proposed to correlate with the great morphological disparity seen in the 
skulls of extant and extinct taxa. In fact, the well-preserved fossil record of turtles documents very distinct cranial 
architectures, some of which are no longer represented among modern representatives. In a similar way, functional aspects 
linked to their neck mobility have also been suggested to correlate with cranial shape in turtles, especially concerning the 
posterior skull region around the emarginations. For that reason, their cranial structure can be possibly understood as 
decoupled from their remaining skeletal parts: in addition to their necks, their skulls are the primary elements used to 
interact with the surrounding environment, and therefore key to understanding the diverse ecological feeding specialisations 
observed among representatives of the group. In this work, we use a three-dimensional geometric morphometrics approach 
to characterise shape aspects of turtle skulls. We created a new landmark concept to include single-point, sliding and 
surface landmarks that allowed us to capture the dimensions but also curves and fine surface details of their cranial 
geometry. We analyse all ecological and functional traits altogether under a phylogenetic framework to account for the non-
independence of shared anatomical features, and assess what are the main factors that structure turtle skull shape.
We find that form-function relationships of turtle skulls involve size effects (allometry), habitat and diet preferences, feeding 
strategy, as well as their capacity to withdraw their necks. Turtle species that feed in the water have longer cranial shapes 
and more flattened palates than those that eat on land, and that the use of suction as a feeding strategy implies a slight 
lengthening of posterior skull parts in aquatic feeders. Furthermore, we show that their preferred type of food is associated 
with shape changes in skull height, width of the triturating surfaces of the palate and the position of the orbits. The lack of 
neck retraction in turtles correlates with extreme reduction of both emarginations simultaneously, alongside changes in 
overall skull dimensions. Our results can be applied to predict such explanatory traits to fossils and corroborate some 
previous qualitative palaeobiological inferences in literature. Our findings recognise that separate extinct lineages were not 
fully able to hide their necks, as well as that unrelated marine and estuarine groups evolved similar ecological diversity 
compared to extant sea turtles. These include multiple origins of durophagy, suction-feeding and preferences for more 
sedentary soft preys, and depict scnearios of ecomorphological convergence in these ecosystems throughout the group 
evolution.
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6.6 
Anatomical description of a selenosteid placoderm from the Late 
Devonian of the eastern Anti-Atlas (Morocco) and its ecomorphological 
reconstruction

Melina Jobbins1, Martin Rücklin2, Humberto G. Ferron3,2, Christian Klug2 

1 Palaeontological Institute and Museum, University of Zurich, Karl-Schmid-Strasse 4, 8006 Zürich, Switzerland  
 (melina.jobbins@pim.uzh.ch)
2 Naturalis Biodiversity Center, Leiden, The Netherlands
3 Institut Cavanilles de Biodiversitat I Biologia Evolutiva, University of Valencia, Burjassot, Spain
4 School of Earth Sciences, University of Bristol, Life Sciences Building, Tyndall Avenue, Bristol BS8 1TQ, United Kingdom

Placoderms are an extinct group of early jawed vertebrates that play a key role in understanding the origin of the 
gnathostome body plan, including novelties like the jaws, teeth and pelvic fins. This makes them essential to elucidate the 
evolutionary success and early radiation of gnathostomes. As placoderms have a poorly ossified axial skeleton, 
preservation of the vertebral column and fins is extremely rare, unlike the well mineralised bones of the skull and thoracic 
armour. Therefore, the gross anatomy and body shape of placoderms are only known for a few taxa and reconstructions of 
the swimming function and ecology remain speculative. Here, we describe articulated skull roofs and shoulder girdles as 
well as body outlines of an arthrodire, a derived placoderm. Specimens of a new species of the selenosteid Driscollaspis 
reveal the pelvic girdle, the proportions and shape of the pectoral, dorsal and caudal fins as well as a laterally widened 
region at the base of the caudal fin resembling the lateral keel of sharks. This is the first record of a body outline 
preservation within selenosteids, and the second within Eubrachythoraci. This is also the first record of a preserved thoracic 
armour and inferognathal in Driscollaspis. The shape of its heterocercal caudal fin in combination with the pronounced 
laterally enlarged keel-like region is reminiscent of some modern pelagic sharks, thus suggesting this new selenosteid was 
an active swimmer.
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6.7 
The Unexpecting Discovery of Snapping Turtles (Pan-Chelydridae) in the 
Middle Eocene of France
Walter G. Joyce1, Jean-Luc Landréat2, Yann Rollot1

1 Department of Geosciences, University of Fribourg, Chemin du Musée 4, CH-1700 Fribourg (walter.joyce@unifr.ch)
2 3 impasse de la Vigne Porale, F-02200 Soissons

Snapping turtles (Pan-Chelydridae) are a species-poor clade of cryptodires that play a prominent role in extant ecosystems. 
The group has a particularly fragmentary fossil record, in part likely due to the fact that their shells disarticulate easily after 
death, but also a bias against collecting fragmentary turtle remains. As published, the record suggests that the clade 
originated in North America during the Late Cretaceous but dispersed to Asia and Europe no later than the late Oligocene 
and to South America no later than the Pleistocene. While a Neogene arrival in South America correlates well with the 
Great American Interchange, an Oligocene dispersal to Asia and Europe does not correlate well with other known turtle 
dispersal events, in particular the global dispersal event that took part across the Northern Hemisphere in concert with the 
Paleocene Eocene Thermal Maximum (PETM) that led to the complete replacement of the European turtle fauna. 
A collection of 100 three-dimensionally-preserved pan-chelydrid shell fragments was collected near the turn of the 
millennium from a sandpit located near Chéry-Chartreuve, Department of Aisne, northern France. All fragments originate 
from a laterally constrained lens of sediments consisting of aeolian sands and clays that were deposited at the base of 
continental sediments that overlay marine sediments in this region. The rich, but poorly described mammalian fauna from 
this lens suggests an early Bartonian (MP15, Middle Eocene) age. The available material, which represents at least three 
different individuals, documents nearly the full plastron and peripheral series, but only aspects of the neurals and costals. 
Initial analysis of the material suggests close morphological affinities with Tullochelys montana from the Early Paleocene of 
Montana, USA and Chelydropsis decheni (a.k.a. Chelydropsis santihenrici) from the Late Oligocene of France. This is 
consistent with an arrival of the Chelydropsis lineage in Europe, perhaps directly from North America, no later than the 
Middle Eocene. The previously unanticipated arrival of pan-chelydrids in Europe by the Middle Eocene raises the possibility 
that pan-chelydrids may have arrived in Europe during the Early Eocene following the PETM, but remain undetected due to 
the above-mentioned collecting bias.
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6.8 
Marine vertebrates from Romer’s Gap: a swimming trace from the latest 
Devonian of Morocco
Christian Klug1, Abdelouahed Lagnaoui2,3,4, Melina Jobbins1, Wahiba Bel Haouz4, Amine Najih5
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2 Interdisciplinary Research Laboratory in Sciences, Education and Training, Higher School of Education and Training  
 Berrechid (ESEFB), Hassan First University, Route de Casablanca Km 3.5, BP 539, 26100 Berrechid, Grand-Casablanca,  
 Morocco. 
3 Working-Team on Geology of Mineral and Energy Resources, Research Laboratory Physico - Chemistry of Processes and  
 Materials, Faculty of Sciences and Techniques, Hassan First University of Settat, Route de Casablanca Km 3.5, BP 539,  
 26000 Settat, Grand-Casablanca, Morocco.
4 Laboratory of Stratigraphy of Oil-and-Gas Bearing Reservoirs, Department of Paleontology and Stratigraphy, Institute of  
 Geology and Petroleum Technologies, Kazan (Volga Region) Federal University, Kremlyovskaya Str. 18, 420008, Kazan,  
 Russian Federation
5 Institut National Supérieur du Professorat et de l’Éducation de l’Académie de Poitiers, Université de Poitiers, 5 Rue Shirin  
 Ebadi, 86073 Poitiers, France. 

Taking the locally great abundance of body fossils of fishes such as, e.g., shark teeth into account, the scarcity of trace 
fossils prouced by these animals is surpising. Partially, this roots in the lower interest of researchers and the public in 
ichnofossils compared to fossil vertebrate skeletons. However, ichnofossils can provide valuable palaeobiological 
information about their producer such as, e.g., velocity, mode of locomotion, feeding behaviour etc. 

We report an occurrence of swimming traces, which are known as the ichnogenus Undichna, from the youngest part of the 
Devonian of the eastern Anti-Atlas (Morocco). This is remarkable because the latest Devonian strata are usually very poor 
in tetrapod remains worldwide (Romer 1956; Coates and Clack 1995), but other vertebrates are also rare in this interval. 

In the southern Tafilalt at the Jebel Aoufilal, the equivalent of the Hangenberg Sandstone consists of thin-bedded 
claystones, silstones, sandstones and rare coarser clastics (Kaiser et al. 2018). According to their ichnofauna and 
sedimentary structures, these sediments accumulated in a shalow marine setting. This is corroborated by abundant 
Asteriacites. 

In our paper (Klug et al. 2021), we describe an over one meter long Undichna britannica, which was produced by an animal 
probably a little less than half a meter long. We cannot be certain about the producer, but Klug et al. (2016) documented 
teeth of ischnacanthid stem-chondrichthyans from the eastern Anti-Atlas. Thus, it appears possible that a moderate-sized 
acanthodian has produced this trace. It is planned to further study this rich ichnofossil-assemblage in the coming years.

REFERENCES  
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Shale, Late Devonian) and the Mid-Palaeozoic rise of jaws. Palaeontology, 59, 611-629. doi: 10.1111/pala.12248.
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6.9 
New specimens of Bunaia woodwardi Clarke 1919 (Euchelicerata, 
synziphosurine) provide insight into Euchelicerata and Vicissicaudata 
affinity

Lorenzo Lustri1, Pierre Gueriau1,2, Allison C. Daley1

1 Institut des sciences de la Terre, Université de Lausanne, Geopolis, CH-1015 Basel (lorenzo.lustri@unil.ch)
2 Université Paris-Saclay, CNRS, ministère de la Culture, UVSQ, MNHN, Institut photonique d’analyse non-destructive  
 européen des matériaux anciens, 91192, Saint-Aubin, France 

Synziphosurine is an enigmatic paraphyletic clade including arthropod taxa of various affinities, such as stem members of 
Euchelicerata and of the lineages leading to Eurypterida, Xiphosura and Arachnida. Here we described new material that 
we ascribe to the Silurian synziphosurine Bunaia woodwardi Clarke, 1919, revealing previously unknown features of its 
ventral anatomy. The specimens have a first pair of uniramous appendages on the head, followed posteriorly by five pairs 
of biramous appendages in the prosoma. The pre-abdomen anteriorly bears at least two pairs of paddle-like uniramous 
appendages (exopods). Finally, the pre-telson segment is associated with a possibly membranous structure (post-ventral 
structure), that is open to a variety of interpretations. A similar structure is also present in undescribed synziphosurines from 
the early Ordovician Fezouata Biota, while several other Cambrian and Ordovician taxa bear an anal pouch or post-ventral 
appendages or plates in the pre-telson or anal region.

We undertook a phylogenetic analysis preformed with parsimony, to clarify the affinity of B. woodwardi together with the 
Fezouata synziphosurine using a dataset including an array of synziphosurines (Lamsdell et al. 2013). Both taxa are resolved 
together with Offacolus kingi Orr et al., 2000 and Dibasterium durgae Briggs et al,, 2012 from the Silurian Herefordshire 
Lagerstätte as a monophyletic group of stem-euchelicerates, and as sister group to all other Euchelicerata (Prosomapoda). 

Given the stem-euchelicerates affinity of B. woodwardia and the Fezouata taxon, some possible interpretations of the post-
ventral structures are here examined and we propose three alternative hypotheses: 1) the post-ventral structure is an “anal 
pouch”, similar to that in the Cambrian Habelia (Aria et al. 2019); 2)  the post-ventral structure is homologous to the post-
ventral appendages characteristic of Vicissicaudata (Lerosey-Aubril et al. 2017); 3) all of the post-ventral structures (anal 
pouch, post ventral appendages and B. woodwardi post ventral structure) are homologous, and reflect the apomorphy state 
for a monophyletic group (Artiopoda) formed by Euchelicerata and the Cambrian Vicissicaudata.

The clade Artiopoda have already been retrieved in several phylogenetic analyses, and these new findings in the 
synziphosurines realm open new windows on the possible relationships within the clade, supporting a sister-group position 
of Vicissicaudata respective to the Euchelicerata.

Figure 1. Bunaia woodwardi new specimen. A, optical photograph. B, interpretative drawing. C, multispectral false colour overlay of UV-
visible reflection and luminescence images. oaI-VI, ophisthosomal appendages; tI–XI, opisthosomal targites; t, telson. Chelicerae are 
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highlighted in grey, endopods in blue, exopods in green, opisthosomal appendages in red and the post-ventral structure in purple.
Scale bars, 1 mm.
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6.10 
A new coelacanth from the Triassic of Lorraine

Luigi Manuelli1,2, Lionel Cavin1

1 Natural History Museum of Geneva, 1 rue Malagnou, 1208-Geneva, CH
2 University of Geneva, Department of Genetics & Evolution, 1205-Geneva, CH   
   (luigi.manuelli@unige.ch)

A series of fossil coelacanths with unusual tridimensional preservation has been recently found in Triassic deposits near 
Saverne (East of France, Alsace), possibly representing a new species. We are currently describing the morphology of 
such specimens with classical paleontological tools and with modern approaches like MicroCT (Fig1). Our preliminary 
results, especially at the level of cranial morphology, consistently show a resemblance with the genus Diplurus (Schaeffer 
1952). Its inclusion in a cladistic analysis will help to understand the phylogenetic position of Diplurus, since this genus is 
resolved as a mawsoniid in some analyzes (e.g. Cavin et al., 2017) and as a latimeriid in others (e.g. Toriño et al., 2017).

Figure 1 | A – dorsal view of the skull roof of one of the specimens. 
Anterior to right. B – dorsal view of the CTscan of the specimen in A. 
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6.11 
U-Pb zircon ID-TIMS geochronology of the oldest biota of the Ediacaran 
White Sea assemblage (Summer Coast, NW Russia)
Maria Ovtcharova1, Andrey Ivantsov2, Ulf Linnemann3, Anna Ivleva4, Viktoria Ershova4, Aleksey Nagovitsyn5
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4 Department of Regional Geology, St. Petersburg State University, Russia
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Establishing an absolute timeline for the evolution of Ediacaran (latest Neoproterozoic) biota is an outstanding challenge for 
the geochronology community. Ediacaran biota (“Vendian” in Russian literature; 580-539 Ma) are traditionally divided into 
three assemblages: Avalon, White Sea and Nama, considered as a partially overlapping evolutionary and temporal 
succession. The geochronological record of the White Sea assemblage is hampered by the lack of datable volcanic beds, 
with very few exceptions like along the Winter and Summer coast in northwestern Russia. There, we find examples of the 
most complete and diversified White Sea assemblage of the entire Russian platform. 

We report here results from a field study and U-Pb geochronology on the the Lyamtsa, Verkhovka and Zimnie Gori 
formations along the Summer coast, more specifically on outcrops in river valleys on the Onega peninsula (Agma and 
Solza) in the area west of Arkhangelsk. The studied sedimentary successions consist mainly of fine-grained sandstone, 
mudstone and claystone, reflecting shallow marine conditions, influenced by a large river delta. The base of the Lyamtsa 
formation starts with conglomerates, overlain by a volcanic tuff (only in drillcore), which is predating the onset of the 
Ediacaran fossil assemblage. Further up in the section at the base of Verkhovka formation appear diverse trace fossils 
(“ichnofossils”, e.g., Dickinsoniids, Trilobozoans, Kimberella, Charnodiskus, etc.), which are marking a major evolutionary 
step by the onset of bilaterian life forms. 

We have sampled two ash layers, one at the base and one some 20m meters up section in the Verkhovka formation and 
can provide a date for the onset of bilaterian fossils in the White Sea assemblage. Our high precision U-Pb zircon CA-ID-
TIMS age determinations yielded weighted mean 206Pb/238U ages of  555.68 ± 0.15 Ma and 555.10 ± 0.22 Ma for the two 
ash layers. This age provides evidence that the diverse assemblage of body and trace fossils and the oldest bilaterian 
fossil Kimberella occurred already 555.68 ± 0.15 million years ago. This new age information is in contradiction with an 
existing 207Pb/206Pb zircon age of 555.5 ± 0.3 Ma from a section at the Winter coast north of Arkhangelsk (Martin et al., 
2000), which is considered to be stratigraphically younger than the volcanic levels dated here.

REFERENCES
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6.12 
Phyologenetics and systematics of the trilobite subfamilies Cheirurinae 
and Deiphoninae: shedding light on the basal relationships
Francesc Pérez–Peris1, Jonathan M. Adrain2, Allison C. Daley1
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Cheiruridae is one of the most diverse families of trilobites during the Ordovician with 453 species assigned. Within 
Cheiruridae eight subfamilies (Acanthoparyphinae, Cheirurinae, Cyrtometopinae, Deiphoninae, Eccoptochilinae, 
Heliomerinae, Pilekiinae, and Sphaerexochinae) have been historically recognized. Although some subfamiles have been 
subjected to  phylogenetic analysis (e.g., Acanthoparyphinae, Deiphoninae, Eccoptochilinae and Sphaerexochinae), no 
broader analyses involving different subfamilies have been performed. No information about the structure of the familiy and 
the basal nodes of the subfamilies in a phylogenetic context has yet been provided. A larger scale phylogenetic hypothesis 
is needed in order to assess the monophyly, the basal structure, the basal nodes and the relationships of the subfamilies. 

In a first step to clarify early evolution of the family Cheiruridae, the subfamilies Cheirurinae, Deiphoninae and 
Cyrtometopinae were examined. These subfamiles have historically been defined by putative synapomorphies (e.g., 
anteroposterior constriction of the thoracic pleura, pleural furrow morphology, pygidial morphology) that differentiate them 
from the rest of Cheiruridae. Cheirurinae and Deiphoninae have been considered to be probably monophyletic. However, 
the phylogenetic status of Cyrtometopinae is unclear owing to a lack of obvious synapomorphies.  It has been suggested to 
be a paraphyletic grade at the basal node of Deiphoninae (Adrain and Pérez–Peris, in press).

Here, we present phylogenetic analyses of Cheirurinae, Deiphoninae, and Cyrtometopinae. Mainly Ordovician species were 
selected for analysis, prioritizing older species in order to improve the resolution of basal nodes. Some younger taxa with 
well preserved morphological information were also included. Parsimony analyses were performed in T.N.T., under equal 
weight and implied weights (K= 3, 6, 9, 12), using the heursitic “Traditional Search” under tree bisection-reconnection (TBR) 
branch swapping with 100 replicates x 100 iterations.  In addition, the dataset was also explored using the “New 
Technologies Search” algorithms “Ratchet” (1000 iterations), “Sectorial Searches” (1000 rounds), and “Tree Fusing” (100 
rounds).  The preliminary result indicates that both Cheirurinae and Deiphoninae are monophyletic. “Cyrtometopines” have 
been resolved as a paraphyletic grade rooted at the base of Deiphoninae and Hemisphaerocoryphe is the sister group 
ofMainbrookia + Sphaerocoryphe. 

The new phylogenetic framework permits the reconstruction of the early evoltion of Cheiruridae. Better understanding of the 
timing of divergences and biogeography are provided by this analysis, resulting in new information crucial for the 
understanding of trilobites during the Ordovician Radation.

REFERENCES
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Unique assemblage of suspension-feeding radiodonts from the Early 
Ordovician Fezouata Biota
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The Fezouata Shale is a Burgess Shale-like lagerstätte from the Early Ordovician of Morocco that is important for our 
understanding of the early evolution of animals, and the transition between the Cambrian Explosion and the Great 
Ordovician Biodiversification Event (GOBE) (Saleh et al. 2020). Located in the Anti-Atlas of Morocco, this site yield 
exceptionally well-preserved remains of invertebrates, including many arthropods (Saleh et al. 2020). 

The Fezouata Shale has yielded a wide diversity of non-mineralized taxa and anatomical features of a mix between the 
Cambrian Explosion fauna and more common Palaeozoic animals, including a diverse assemblage of trilobites, chelicerates 
and radiodonts (Van Roy et al. 2015a). Radiodonts are an emblematic arthropod group best known by the famous 
Anomalocaris canadensis, a top predator in the Burgess Shale community. The first radiodont from the Fezouata Shale 
reported in publication is Aegirocassis benmoulai, a 2m-long suspension-feeding radiodont (Van Roy et al. 2015b). In reality 
more radiodonts, especially suspension-feeding taxa, have been found. 

This study focusses on the frontal appendages of undescribed radiodonts from the Fezouata Biota, because it is this part of 
the body that has the highest preservation potential for radiodonts in general. All the frontal appendages examined belong 
to the family Hurdiidae, and the majority of them correspond to a suspension-feeding strategy. It reveals to us a unique 
assemblage of suspension-feeding radiodonts that allows us to create the clade Aegirocassisinae. This group includes 
Aegirocassis benmoulai, Pseudoangustidontus duplospineus, and Pseudoangustidontus sp. nov. (Fig.1). The genus 
Pseudoangustidontus was previously described as an unknown arthropod (Van Roy & Tetlie 2006), but the more complete 
material studied here identifies it as a suspension feeding radiodont. New material of Aegirocassis benmoulai allows us to 
refine the anatomical description of its appendage. 

Owing to the study of around 100 specimens of frontal appendages, we can achieve a better understanding of radiodont 
paleoecology during the Ordovician, and its evolution implications. Mesh size measurement of the most complete 
Aegirocassisinae specimens permits us to estimate that the size of the prey was in the mesoplankton category. In term of 
evolutionary implications, this is the first time in the history of the group that we see such a high diversity and dominance of 
the suspension-feeding mode of life in radiodonts. It can be correlated with the “Ordovician Plankton Revolution”, which 
provides more resources for these animals (Perrier et al. 2015). Finally, this study highlights the decline of radiodonts that 
were active predators, such as Anomalocarididae, with no specimens found in our collections so far. This could be 
explained by the emergence of more efficient predators such as eurypterid or orthocone cephalopods.

Figure 1. Aegirocassis benmoulai (A) and Pseudoangustidontus sp. nov. (B). Scale bar: 1 cm. 
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6.14 
Cranial anatomy and phylogeny of Late Jurassic to Early Cretaceous 
paracryptodiran turtles
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1 Department of Geosciences, University of Fribourg, Chemin du Musée 6, CH-1700 Fribourg  
 (yann.rollot@gmail.com; serjoscha.evers@googlemail.com; walter.g.joyce@gmail.com)

Paracryptodira is a clade of freshwater turtles that lived from the Late Jurassic to Eocene of North America and Western 
Europe. The clade was initially considered to be one of the three primary groups of turtles along with Pleurodira and 
Cryptodira and to consist of the North American and European Pleurosternidae and the North American Baenidae. While 
the phylogenetic placement of Paracryptodira within Testudinata is still under debate, recent phylogenies suggest the clade 
may include Compsemydidae, Helochelydridae, and Kallokibotion bajazidi as well. Although paracryptodiran fossils have 
been described since the 19th century, plenty of material remains poorly understood. Late Jurassic and Early Cretaceous 
pleurosternid shell material recently received greater attention, but the cranial anatomy of several taxa historically lacked 
detailed insights. Similarly, while about ten derived baenids skulls have been published over the last two decades, only one 
basal baenid benefited from a detailed study during that period.

As a better understanding of paracryptodiran cranial anatomy is crucial for more confidently assessing the phylogenetic 
relationships of that clade, we have described a series of skulls over the course of the last two years using micro-computed 
tomography, in particular the putative pleurosternids Uluops uluops from the Tithonian of Wyoming and Pleurosternon 
bullockii from the Berriasian of the United Kingdom, and the putative basal baenids Arundelemys dardeni from the Aptian-
Albian of Maryland, Lakotemys australodakotensis from the Berriasian-Valanginian of South Dakota, and Trinitichelys hiatti 
from the Aptian-Albian of Texas (Fig. 1). Among the new features brought to light in our studies are the presence of a 
reduced basipterygoid process in Pleurosternon bullockii and Uluops uluops, which is interpreted as a symplesiomorphy for 
the latter two taxa, and the intriguing presence of a canal for the palatine artery in Lakotemys australodakotensis and 
Uluops uluops. The circulation system of turtles was used for decades to attempt improving our understanding of 
testudinatan relationships and the recent advent of computed-tomography technologies has allowed investigating in detail 
arterial and innervation patterns in turtle skulls. This led to a series of reinterpretations of cranial circulation within several 
turtle clades, including paracryptodires. While the palatine artery was initially thought to be universally present among that 
group, recent investigations suggested its loss in several taxa instead, if not for the entire group. Our studies of the five 
aforementioned paracryptodiran skulls reveal that the palatine artery is indeed absent in most representatives of 
Paracryptodira but remains present in Lakotemys australodakotensis and Uluops uluops, the most basal members of 
baenids and pleurosternids respectively, which suggests, for the moment, the independent loss of the palatine artery at the 
base of Baenidae and Pleurosternidae.
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Figure 1. Selection of paracryptodiran skulls used for this project. Dorsal view of A, Arundelemys dardeni, B, Lakotemys 
australodakotensis, C, Trinitichelys hiatti, D, Pleurosternon bullockii, and E, Uluops uluops. Scale bars approximate 1 cm.
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6.15 
Revision of the Triassic placodont material (Sauropterygia) from 
Switzerland
Torsten M. Scheyer1, Katrin Kirwald1, Patrizia Bregant1

1 University of Zurich, Palaeontological Institute and Museum, Karl Schmid-Strasse 4, CH-8006 Zurich  
 (tscheyer@pim.uzh.ch)

Here we report on the revision of the Alpine placodont material from localities of Switzerland (and with an outlook to the 
neighboring countries Austria and Italy), namely specimens pertaining to the Middle Triassic Paraplacodus broilii and 
Cyamodus hildegardis and the Late Triassic Psephoderma alpinum. The former two species are prominently represented 
by several specimens each from the Besano Formation at the UNESCO world heritage site of Monte San Giorgio (Italy/
Switzerland), whereas the latter species is found mainly in the Kössen Formation of Canton Grisons and the adjacent 
Vorarlberg region of Austria. We focussed on material that is mainly housed in the collections of the Palaeontological 
Institute and Museum of the University of Zurich (PIMUZ), and the Bündner Naturmuseum Chur (BNM). In the case of 
Paraplacodus broilii, all previously described fossils (mentioned in Rieppel, 2000) including the holotype PIMUZ T 2806 (not 
T 4773!) from Val Porina, Meride, and hitherto unpublished material stored at PIMUZ was inspected and (re-)described. 
The material includes a badly weathered skeleton of a small individual, which nevertheless preserved most of the skull in 
good condition so that the material could be used for computer-tomographic (CT) scanning and 3D reconstruction. 
Similarly, the CT scan of the ‘Munich’ exemplar (SNSB-BSPG 1953 XV 5, stored at the Bayerische Staatssammlung in 
Munich) of P. broilii, representing the most complete skull found to date, could be reconstructed. It confirmed the presence 
of two cranial osteoderms in the temporal region as was previously hypothesied by Rieppel (2000) and Maisch (2020), but 
also the presence of nine instead of eight crushing teeth in the maxilla. The skeleton of Cyamodus hildegardis was already 
the focus of several studies in the past (e.g., Kuhn-Schnyder, 1959; Pinna, 1980, 1992) and based on the best preserved 
skeletons, the skeletal reconstruction was revised by Scheyer (2010). Hitherto undescribed skull material in PIMUZ, 
however, includes a well presered and isolated skull roof, revealing an almost undistorted imprint of the dorsal part of the 
cranial vault and the parietal foramen. In addition, the osteoderm microstructure of the carapace of the holotype (PIMUZ T 
4763) of C. hildegardis was recently reported on in Scheyer and Klein (2021).

For Psephoderma alpinum, numerous hitherto undescribed specimens are accessioned in the PIMUZ and BNM collections. 
These were used to supplement previous comparative works on the cranial and postcranial anatomy (e.g., Pinna, 1980; 
Pinna and Nosotti, 1989; Renesto and Tintori, 1995; Neenan and Scheyer, 2014) of the species. The new materials 
included several articulated armour pieces, including two very well preserved large fragments of adult individuals, but also 
armour pieces of subadult specimens, numerous isolated plates and teeth, as well as cranial remains of different 
ontogenetic stages. The latter include tiny jaw fragments of small juvenile specimens and subadults. Several cranial 
specimens could be CT scanned, allowing an updated view of the intracranial anatomy of the animals. The crushing teeth 
were also statistically evaluated and compared with the crushing teeth of Macroplacus raeticus from the Rhaetian of the 
Bavarian Alps in Germany, adding additional data to the phylogenetic discussion of the species. The results of the revisions 
are used to help with the determination of future collected material, summing up the study history and to discuss additional 
topics such as ontogeny, paleobiology and –ecology of placodonts. The study of the Psephoderma and Paraplacodus 
material was part of the MSc theses of two of us (K. Kirwald and P. Bregant, PIMUZ) and also of the diploma thesis of 
Grüter (2006).
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6.16 
First dаtа on Pliосеnе соntinеntаl fоssil rесоrd of Аrmеniа, Sоuthеrn 
Саuсаsus
Dаvit	Vаsilyаn1,2,	Lutz	Mаul3,	Dаmiеn	Bесkеr1,2,	Mаriе	Mеyеr4,	Mаiа	Bukhskiаnidzе5,	Lоïс	Соstеur6,	Gеrаld	Mаyr7,	Sеrgеi	
Lаzаrеv2,1

1 JURАSSIСА Musеum, Rоutе dе Fоntеnаis 21, Pоrrеntruy, Switzеrlаnd (dаvit.vаsilyаn@jurаssiса.сh)
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3 Sеnсkеnbеrg Rеsеаrсh Stаtiоn оf Quаtеrnаry Pаlаеоntоlоgy, Аm Jаkоbskirсhhоf 4,    99423 Wеimаr, Gеrmаny  
 (lutz.mаul@sеnсkеnbеrg.dе)
4 Éсоlе nаtiоnаlе vétérinаirе Tоulоusе, 23 Сhеmin dеs Саpеllеs, 31200, Tоulоusе, (mаriе.mеyеr_19@еnvt.fr)
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6 Nаturhisоrisсhеs Musеum Bаsеl, Аugustinеrgаssе 2, 4051 Bаsеl (lоiс.соstеur@bs.сh)
7 Sеnсkеnbеrg Rеsеаrсh Institutе, Sеnсkеnbеrgаnlаgе 25, 60325 Frаnkfurt аm Mаin, Gеrmаny  
 (gеrаld.mаyr@sеnсkеnbеrg.dе)

Sоuthеrn	Саuсаsus	with	its	gеоgrаphiс	pоsitiоn	аt	thе	сrоssrоаd	оf	thrее	соntinеnts	is	аn	impоrtаnt	rеgiоn	in	undеrstаnding	
оf	thе	pаst	fаunistiс	dispеrsаls.	In	thе	fеw	еxisting	еаrliеr	wоrks,	this	hаs	bееn	аlrеаdy	pаrtiаlly	dеmоnstrаtеd	by	its	
соntinеntаl	fоssil	rесоrd.	Hоwеvеr,	dеspitе	thе	аvаilаbility	оf	Сеnоzоiс	соntinеntаl	dеpоsits	in	Sоuthеrn	Саuсаsus,	thеir	
pоtеntiаl	fоr	systеmаtiс	studiеs	оf	Сеnоzоiс	vеrtеbrаtеs	аnd	pаlаеоеnvirоnmеntаl	аnd	pаlаеосlimаtiс	studiеs	hаs	hаrdly	
bееn	usеd.

Hеrе,	wе	prеsеnt	оur	rеsults	оf	аn	intеrdisсiplinаry	study	оn	thе	Pliосеnе	suссеssiоn	frоm	Jrаdzоr	(Сеntrаl	Аrmеniа,	Lеssеr	
Саuсаsus).	Аt	lеаst	15	hоrizоns	оf	vеrtеbrаtе	fоssil	fаunаs	hаvе	bееn	fоund	in	thе	54-mеtеr-thiсk	соntinеntаl	suссеssiоn	
соmprisеs.	Thе	40Аr/39Аr	dаting	оf	аbundаnt	vоlсаniс	аshеs	аlоng	with	аn	еxtеnsivе	pаlаеоmаgnеtiс	sаmpling	dаtеd	thе	
sесtiоn	bеtwееn	4.3	аnd	3.1	Mа.

Six	sеdimеntоlоgiсаl	units	саn	bе	idеntifiеd	in	thе	sесtiоn:	Unit	1	(distаl	lасustrinе	sеtting)	with	whitе	thinly-lаminаtеd	
diаtоmitе	suссеssiоn;	Unit	2	(pаlаеоsоl	аnd	dоwnslоpе	dеpоsits)	with	brоwn	mоttlеd	mudstоnеs;	Unit	3-4	(distаl	tаil	оf	
pyrосlаstiс	flоws)	with	mudstоnеs	соntаining	еxtеnsivе	еrоsivе	shееt-likе	соаrsеning-upwаrds	pасkаgеs	оf	sсоriа	аnd	
pumiсе;	Unit	5	(pаlаеоsоls	аnd	dоwnslоpе	dеpоsitiоn)	with	brоwn	mоttlеd	mudstоnеs;	Unit	6	(аltеrnаting	vоlсаnосlаstiс	аnd	
pаlаеоsоl	еnvirоnmеnts).

Thе	lасustrinе	unit	1	prоvidеs	bоth	аquаtiс	(mаinly	fishеs)	аnd	rаrе	tеrrеstriаl	fоrms.	Thе	fоssilifеrоus	hоrizоns	оf	units	3,	4,	
6	соntаin	vеrtеbrаtе	fаunаs	inсluding	аmphibiаns,	rеptilеs,	birds	аnd	mаmmаls.	Hеrе,	hоrizоns	JZ-3	аnd	JZ-13	аrе	thе	
riсhеst	оnеs	with	а	dоminаnсе	оf	smаll	sizеd	vеrtеbrаtеs.	Furthеr,	thе	hоrizоn	JZ-7	is	rеmаrkаblе	with	its	riсh	lаrgе	
mаmmаliаn	аssеmblаgе,	inсluding	rаrе	аrviсоlids,	tоаds.	Аll	vеrtеbrаtе	grоups	suggеst	wаrm,	rаthеr	dry	аnd	оpеn	hаbitаts	
with	vеry	rаrе,	fоrеstеd	rеgiоns.	Bаsеd	оn	а	соmplеx	dаting	аpprоасh	(biоstrаtigrаphy,	40Аr/39Аr,	аnd	pаlаеоmаgnеtiс	dаtа)	
thе	аgе	оf	thе	units	is	еstimаtеd	аs	еаrly	Pliосеnе	(unit	1-4),	еаrly/lаtе	Pliосеnе	(unit	5)	аnd	lаtе	Pliосеnе	(Unit	6).
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P 6.1 
3D Taphonomy of Phosphatized Cambrian Arthropods

Jonathan Pople1, Allison Daley1, Pierre Gueriau1

1Institute of Earth Sciences, University of Lausanne, Lausanne, Switzerland
 (jonathan.pople@unil.ch)

Orsten-type Lagerstätten produce extremely detailed phosphatized fossils of microscopic arthropods and other minuscule 
organisms of the Cambrian period; while the animals themselves have been studied extensively, the exact processes that 
led to their exceptional preservation have yet to be described (Maas et al., 2006). Combining Synchrotron Radiation X-Ray 
Microtomography (SRXMT) with traditional Scanning Electron Microscopy (SEM), we undertake a 3-dimensional 
examination of the fossils of bivalved phosphatocopine arthropods collected from the Swedish Orsten (Upper Cambrian). 
We find that autolithified bacteria are frequently preserved inside the cuticle, forming masses of phosphate globules, along 
with remains of filamentous biofilms. This provides direct evidence for the involvement of microbial activity in Orsten-type 
preservation, and is consistent with taphonomy experiments (Butler et al., 2015) and other cases of exceptionally preserved 
soft tissues (Briggs, 2003). The fossils also contain pyrite framboids whose crystallization appears to have been 
simultaneous with or posterior to phosphatization. Average framboid size in examined specimens is positively correlated 
with quality of preservation; the level of growth may be linked to different environmental conditions (either in space or time) 
or biochemical variations at the scale of individual carcasses, which in turn also affected phosphatization.

Figure 1. Fossils of phosphatocopines Hesslandona sp. with intact shield valves and varying degrees of preservation for softer parts. (A) 
SEM image of a specimen with trunk and appendages completely replaced by phosphatized bacteria. (B) Segmented 3D model of a 
specimen with partially preserved cuticle on the trunk and appendages (white and blue elements), filled with phosphatized bacteria (red) 
and pyrite framboids (bright yellow).
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P 6.2 
Influence of plate tectonics on biodiversity 

Dominic Stemmler1, Taras Gerya1,	Loïc	Pellissier2, Robert J. Stern3 

1 Departmentof Earth Sciences, ETH Zürich, Sonneggstrasse 5, CH-8092 Zürich (dominic.stemmler@erdw.ethz.ch)
2 Department of Environmental Systems Science, ETH Zurich, Universitätsstrasse 16, CH-8092 Zürich
3 Geosciences Department, University of Texas at Dallas, 800 West Campbell Road Richardson, USA-TX 75080-3021

The evolution of life on Earth is fundamentally linked to the dynamics of the lithosphere and deep mantle, and coupled to 
the Earth’s surface, oceans and climate, but those dimensions are rarely studied together. We used a fast general 
circulation model for ocean and atmosphere (FOAM) (Jacob et al. 2001) with a paleo-digital elevation model (Scotese & 
Wright, 2018) for the timespan from 540 Ma up to recent times to generate climate model scenarios. Using variables like air 
surface temperature and precipitation combined with the digital elevation model considering different tectonics scenarios we 
show how simulations with gen3sis (Hagen et al. 2021), an eco-evolutionary biodiversity model, can inform about the 
conditions for the formation of biodiversity. By varying Earth dynamics e.g., the movement of tectonic plates, collisions, 
rifting we can investigate the causal connections between changes at Earth’s surface like mountain building or creation of 
new oceans, the formation and destruction of habitats, we explore different scenarios generating specific biodiversity 
patterns. By combining these models and their respective results, we can develop a new methodology for understanding 
the feedback loops between geodynamics, climate and life evolution. In the current scenario, we investigate the differences 
in biodiversity between the natural movement of continental plates and a static Earth over the last 100 Ma. 
 
Ultimately, we aim to apply our models to important events in Earth’s history like supercontinent formation, continental 
breakup, large igneous province eruptions, and the transition from single lid to plate tectonics. 
 
This project is funded by Fond National Suisse FNS: 192296
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