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5.1 
The Pleistocene Camelid Brain 
 
Balcarcel, A., Sánchez-Villagra, M.R., and Orliac, M.

Universität Zürich, Paläontologisches Institut und Museum , Karl-Schmid-Strasse 4, 8006 Zürich, Switzerland

The Camelidae, a clade including living llamas, alpacas, and camels, first appeared in the fossil record around 40 million 
years ago. Their brain evolution has been traced with snapshots of change, based on fossilized brains, or endocranial 
casts, from several consecutive epochs. There are changes in size and complexity that took place throughout this time.  
Documented are the Eocene camelid, Protylopus occidentalis, followed by the Oligocene Poebrotherium and several 
examples of Miocene to late Pleistocene Procamelus and Camelops taxa. Comparison between these fossil forms and 
living camelid brains suggests that the increase in size and complexity occurred mostly in the last quarter of the Cenozoic. 
We describe the first known camelid brain endocast from the early Pleistocene, dated to ~1.2 Mya, a stage of camelid brain 
evolution not previously known. The brain belongs to a yet-unnamed specimen, catalog number PIMUZ A/V 4165, and 
is the sister taxon to modern llamas and alpacas, based on the most recent systematic work for camelids. It has been 
confirmed as a derived member of the Lamini clade that lived during a time when camelid generic diversity was dwindling. 
The outstanding preservation of the brain cast allows identification of multiple sulci and major compartments of the organ. 
Along with other details made available through X-ray computed tomography scanning, we provide a detailed description of 
cerebral complexity significantly higher than that in Pliocene forms. Thus, PIMUZ A/V 4165 represents one of the most 
derived camelid brains from the fossil record. We hypothesize about the sensory capabilities of this fossil taxon.  One 
particularity is the reduced size of its olfactory bulbs compared to modern camelids, suggesting the importance of smell in 
modern forms, and reflecting a recent shift in sensory allocation.
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5.2 
Re-fleshing fossils: cranial reconstructions of Thalattosauriformes. 

Dylan Bastiaansa, Eva C. Herbsta, Torsten M. Scheyera

a Universität Zürich, Paläontologisches Institut und Museum , Karl-Schmid-Strasse 4, 8006 Zürich, Switzerland
 
  
3D-visualisation techniques have revolutionised the field of palaeontology. These new techniques allow for the possibility of 
revisiting old descriptions of problematic taxa or clades in unprecedented detail. 

Thalattosauriformes are a cosmopolitan group of secondarily aquatic Triassic marine reptiles that inhabited mainly low-
latitude nearshore environments. Their remains represent rare occurrences in North American and European fossil records 
while being one of the most common faunal components of the Late Triassic ecosystems of China. This enigmatic clade is 
characterized by a low taxonomic diversity but high morphological disparity, especially illustrated by a wide variation of body 
sizes, rostral shapes and dentition types. Currently there is little understanding of their phylogenetic affinity within the 
Diapsida and even the interrelationships within Thalattosauria are contested. The large degree of cranial variation has 
raised numerous questions about their feeding mechanics and ecological niche fill that have yet to be adequately studied.
 
Here we provide updated cranial reconstructions of various thalattosaur genera using state-of-art tomographic approaches 
including a combination of traditional Computer Tomography (CT) and Computer Laminography (CL), termed Augmented 
Laminography (AL). The main focus lies on specimens from the UNESCO world heritage site of Monte San Giorgio (Middle 
Triassic, Besano Formation, Switzerland/Italy) supplemented by new finds from the Middle and Late Triassic of China and 
North America. Segmentations of osteological elements extracted from these scans will be re-positioned into their 
anatomical context and retrodeformed to provide complete 3D cranial models. This approach not only offers detailed 
morphological information for phylogenetic purposes, but also provides 3D data to be used in quantitative shape analyses 
(e.g. 3D morphometrics) and detailed biomechanical studies (e.g. MDA + FEA). In this manner, the functional ecology and 
niche differentiation of the thalattosaurs and other marine reptiles of the Monte San Giorgio region and other Triassic 
ecosystems can be further studied.   

Figure 1. Three-dimensional segmentation of the holotype of Clarazia schinzi (PIMUZ T4778). 
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Figure 2. The application of Augmented Laminography (AL) to facilitate high resolution scanning for traditionally problematic slab 
specimens like this Askeptosaurus italicus (KO2-D-67 K 26/06 Number 2). Note that the Computer Laminography (CL) shows strong 
external artefacts, while the Computer Tomography (CT) shows a lack of internal resolution. Augmented Laminography uses the external 
resolution of CT combined with the internal resolution of CL to provide optimal results. 
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5.3 
A doomed expedition? Investigating the concept of doomed pioneers 
using an annular flume and the polychaete, Alitta virens 
Orla Bath Enright1,2, Nic Minter1, Esther Sumner3 Gabriela Mangano4 and Luis Buatois4 

1 School of the Environment, Geography, and Geosciences, University of Portsmouth, Burnaby Building, Burnaby Road,  
  Portsmouth PO1 3QL, UK, (Orla.BathEnright@unil.ch) 
2 Institute of Earth Sciences, Bâtiment Geopolis, University of Lausanne, CH 1015 Lausanne, Switzerland
3 Ocean and Earth Sciences, University of Southampton, National Oceanography Centre, Waterfront Campus, European  
  Way, Southampton S0143ZH, UK
4 Department of Geological Sciences, University of Saskatchewan, 114 Science Place, Saskatoon,  
  Saskatchewan S7N 5E2, Canada

Trace fossils provide in situ evidence for organisms and their activities and are widely applied as palaeoenvironmental 
indicators. But what if the organisms are allochthonous to the depositional environment? This is the concept behind the 
“doomed pioneers” hypothesis (Föllmi and Grimm, 1990); that organisms living in a well-oxygenated environment could be 
caught up in a turbulent flow and transported to a different, oxygen deficient, environment. These organisms are then able 
to colonize and create trace fossils in anoxic sediment, at least for a short time, before eventually succumbing (Figure 1). 
The feasibility of this occurring has important implications for interpreting trace-fossil material in deep-marine settings. 

Through a series of systematic experiments, we establish i) the mortality/survivorship potential of Alitta virens after 
undergoing transport; ii) the difference in burrowing rates of Alitta virens, from those that had been transported and those 
that had not; and iii) the adaptation of Alitta virens to environmental changes in temperature and oxygen conditions after 
significant transport. These experiments show how careful consideration must be employed when using trace fossils 
associated with event deposits to reconstruct benthic marine communities, oxygen availability, and their trophic structures.

Figure 1.  Schematic illustration of the doomed pioneer hypothesis (after Fӧllmi and Grimm, 1990). 

REFERENCES  
Föllmi, K.B. & Grimm, K.A. 1990. Doomed pioneers: Gravity-flow deposition and bioturbation in marine oxygen-deficient 

environments. Geology, 18, 1069-1072.
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5.4 
New Miocene aquatic mammal remains from Northern South America

Aldo Benites-Palomino1,2, Gabriel Aguirre-Fernández1, Jorge D. Carrillo-Briceño1, Rodolfo Sánchez3, Jorge W. Moreno-
Bernal4, Carlos Jaramillo2, Andres Vanegas5, Andres Reyes6 & Marcelo R. Sánchez-Villagra1

1 Paläontologisches Institut und Museum, Universität Zürich, Karl-Schmid-Strasse 4, 8006 Zürich, Switzerland 
2 Center for Tropical Paleoecology and Archeology, Smithsonian Tropical Research Institute, Balboa, Ancón, 0843-03092,  
 Panama
3 Museo Paleontológico de Urumaco, Urumaco, estado Falcón, Venezuela
4 Grupo de Investigación en Geocencias GEO4, Universidad del Norte, Colombia;
5 Vigías del Patrimonio Paleontológico de la Tatacoa, Vía principal centro poblado La Victoria, Villavieja, Huila, Colombia
6 Departamento de Física y Geociencias, Universidad del Norte, Barranquilla, Colombia

The tropical region of Northern South America (Colombia, Venezuela) is a global hotspot of biodiversity and the result of 
complex biogeographical and geographical processes. Between 16-11 million years ago, this region was heavily influenced 
by the Pebas mega wetland system that flooded much of the north-central part of South America (Jaramillo et al., 2017). 
These conditions greatly benefited animal diversification, as evidenced by fish, turtle, crocodilian, mollusc and terrestrial 
mammal assemblages (Hoorn et al., 2010). The record of aquatic mammals is, in contrast, poorly known. New remains 
from the localities of La Venta, Colombia (La Victoria Formation) and Falcón, Venezuela (Socorro, Caujarao and Coro 
formations) indicate that these animals were already fairly diverse during the Miocene. Fossils from La Venta (an isolated 
periotic and some rostral fragments) belong to the Platanistidae, a group whose only extant survivor is the Ganges river 
dolphin. They indicate that in South America relatives of extant Platanista invaded freshwater environments much earlier 
than those of the extant pink dolphin Inia, as previosly suggested by Bianucci et al. (2013) based on fossils from coeval 
layers of the Fitzcarrald Arc, Peru. Furthermore, direct comparisons of both La Venta and Fitzcarrald morphotypes indicate 
that at least two different Platanista relatives were present on South America. The isolated partial skull (Caujarao 
Formation, middle Miocene) displays a combination of features mostly found on stem Delphinida. A preliminary phylogenetic 
analysis based on Lambert et al. (2020) places this animal as sister taxon to Hadrodelphis, a genus characterized by its 
robust teeth and mostly symmetrical skull. This indicates that stem delphinidans (also known as “kentriodontids”) were also 
present on the proto-Caribbean, during a time where its productivity was much higher than today. In the case of sirenians, 
two species are known from the Pebas mega wetland system: Potamosiren magdalenensis from La Venta and Nanosiren 
sanchezi from Urumaco, both ranging from small to medium size. A third new morphotype from de Coro Formation 
(Venezuela), currently under study, displays some affinities with already known species from the Caribbean region, but also 
with Metaxytherium sp. from the Parana Formation in Argentina. Overall, the diversity of aquatic mammals in Tropical 
America is expanded with the additions of these new materials, indicating that their evolutionary history in this part of the 
world might have been more complex than once thought.

REFERENCES
Bianucci, G., O. Lambert, R. Salas-Gismondi, J. Tejada, F. Pujos, M. Urbina, and P. O. Antoine. 2013. A Miocene relative of 

the Ganges River dolphin (Odontoceti, Platanistidae) from the Amazonian Basin. Journal of Vertebrate Paleontology 
33:741–745.

Hoorn, C., F. P. Wesselingh, H. Ter Steege, M. A. Bermudez, A. Mora, J. Sevink, I. Sanmartín, A. Sanchez-Meseguer, C. L. 
Anderson, J. P. Figueiredo, C. Jaramillo, D. Riff, F. R. Negri, H. Hooghiemstra, J. Lundberg, T. Stadler, T. Särkinen, and 
A. Antonelli. 2010. Amazonia through time: Andean uplift, climate change, landscape evolution, and biodiversity. Science 
330:927–931.

Jaramillo, C., I. Romero, C. D’Apolito, G. Bayona, E. Duarte, S. Louwye, J. Escobar, J. Luque, J. D. Carrillo-Briceño, V. 
Zapata, A. Mora, S. Schouten, M. Zavada, G. Harrington, J. Ortiz, and F. P. Wesselingh. 2017. Miocene flooding events 
of western Amazonia. Science Advances 3:e1601693.

Lambert, O., C. Auclair, C. Cauxeiro, M. Lopez, and S. Adnet. 2018. A close relative of the Amazon river dolphin in marine 
deposits: A new Iniidae from the late Miocene of Angola. PeerJ.

Lambert, O., A. Collareta, A. Benites-Palomino, C. Di Celma, C. de Muizon, M. Urbina, and G. Bianucci. 2020. A new small, 
mesorostrine inioid (Cetacea, Odontoceti, Delphinida) from four upper Miocene localities in the Pisco Basin, Peru. 
Papers in Palaeontology.
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Figure 1. Aquatic mammal remains from Tropical America: A, isolated periotic from La Venta in ventral and dorsal views; B, skull in lateral 
view of the Caujarao Fm. dolphin; C, mandible fragment of the Coro Fm. sirenian. Map (D) showing the position of the main localities of 
northern South America.
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5.5 
Benthic foraminifera and facies of the Albian-Cenomanian platform 
limestones in the Geyik Dağı area, Central Taurides, Turkey
Cemile Solak1

1 Department of Geological Engineering, Mersin University, Çiftlikköy Campus, 33343, Yenişehir/Mersin, Turkey  
  (cemilesolak@mersin.edu.tr) 

The Cretaceous carbonate successions outcropping in the Geyik Dağı area, which is located at the Central Taurides in 
southern Turkey, are represented by two successions with different paleoenvironmental successions. These are open shelf 
to slope (Cenomanian to Maastrichtian) and inner (restricted) platform (Albian to Maastrichtian) successions (e.g., Solak & 
Taslı, 2020). This study focuses on the lower part of the Albian-Maastrichtian platform succession exposed in the Göbekçal 
Hill approximately 11 km northwest of the Geyik Dağı (2877 m) and aims to report benthic foraminifera and facies of them. 
The Cretaceous outcrop section is composed of Albian-Cenomanian limestones that frequently contain macrofossils 
represented by gastropod, rudist and larger bivalve shells. The section begins with the Albian limestones that have a rich 
benthic foraminiferal taxa such as Mesorbitolina gr. texana, Nezzazata isabellae, Nezzazatinella sp., Vercorsella arenata, 
Vercorsella scarsellai, Cuneolina parva, Cuneolina sliteri, Akcaya minuta, Akcaya auruncensis, Cribellopsis moulladei, 
Glomospira urgoniana, Haplophragmoides globosus, Protochrysalidina elongata, Pseudonummoloculina aurigerica, 
Pseudonummoloculina heimi, Mayncina bulgarica and a recently introduced taxon Phenacophragma oezeri by Solak & Taslı 
(2020). Lamination, birdseyes/fenestrae and karst infillings are common. The Albian limestones are conformably overlain by 
the Cenomanian limestones with Sellialveolina viallii, Cuneolina pavonia, Biplanata peneropliformis, Spiroloculina cretacea 
and Pseudorhapydionina dubia. The Cenomanian limestones covered by a major disconformable surface are characterized 
by frequently occurrence of emersion breccia interlayers that contain frequently mm to cm sized black pebbles. The Albian-
Cenomanian limestones are composed of mainly alternation of mud-rich microfacies (wackestone to mudstone and 
packstone) containing mainly algae-foraminifera, intraclast/peloid, ostracod-miliolid and bioclast (bivalve and gastropod) 
grains, respectively. The bioclasts concentrate mostly in the uppermost part of the section. The mud-rich microfacies, 
common lamination and birdseyes/fenestrae indicate peritidal environments of an inner platform. The breccia layers that are 
widespread throughout the Cenomanian indicate frequently exposure of the platform to supratidal depositional environment 
with a short-lasting emersion phase. 

This study was supported by the Research Fund of Mersin University in Turkey with Project Number: 2020-1-AP1-3837.

REFERENCES  
Solak, C., & Taslı, K. 2020: Phenacophragma oezeri n. sp., a benthic foraminifera from Albian shallow marine carbonates of 

the Geyik Dağı area (Southern Turkey): Journal of Foraminiferal Research, v. 50/4, p. 373-381.
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5.6 
Diversity and Evolution of Radiodonta during the Early Paleozoic  

Allison C. Daley1 

1 Institute of Earth Sciences, University of Lausanne, Geopolis, CH-1-15 Lausanne, Switzerland (allison.daley@unil.ch)

Radiodonta is an early Paleozoic group of stem lineage arthropods that includes Anomalocaris and over 25 other taxa. 
These animals are reknown amongst Cambrian Explosion taxa owing to their large body size, inferred predatory lifestyle, 
and complicated history of description. Radiodonts have been described from every major Cambrian and Ordovician 
Burgess Shale-type (BST) lagerstätten, showing that they were globally distributed and relatively abundant. They most 
commonly preserve as isolated cuticularised frontal appendages, oral cones, and cephalic carapaces of the head region, 
but rare complete specimens show the body trunk was segmented and consisted of swim flaps associated with setal 
blades. Study of these morphlogical features in radiodonts has helped clarify the evolutionary pathway of key anatomical 
structures in Arthropoda, for example the biramous limbs, compound eyes, and cephalic structures (Daley et al. 2009; 
2018; Van Roy et al. 2015).

As the name suggests, Radiodonta was originally described as a clade uniting taxa with a radially-arranged oral structure of 
32 plates with a central opening, which was thought to be a highly conserved element of radiodont anatomy (Collins 1996). 
More recent work has shown that the oral structures are more diverse, with some taxa possesing a variable number of 
radially-arranged plates (Daley & Bergstrom 2012), and others showing a series of gnathobase-like plates that do not form 
a solid oral cone (Cong et al. 2017). Likewise, the frontal appendages show a great diversity of feeding ecologies, including 
adaptations for active predation, sediment-sifting, and even suspension feeding (Van Roy et al. 2015). Cephalic carapaces 
range from small dorsal carapaces to elaborate carapace complexes that make up nearly half the total body length (Daley 
et al. 2009; Van Roy et al. 2015). We can trace the evolution of these structures and use their functional morphology to 
make inferences about how ecological function changed in response to evolutionary pressures. 

Here I review the recent work revealing the diversity of radiodont taxa in major fossil lagerstätten. Four major families of 
Radiodonta have been established, with the relationships between them coming into focus and revealing the evolutionary 
history of the major anatomical features, specifically the frontal appendages and oral structures (Pates et al. 2019; Pates & 
Daley 2019). During the early stage of their evolution, radiodont diversity was dominated by members of the 
Anomalocarididae and Amplectobeluidae, all of whom were active predators. Later stages of radiodont evolution were 
dominated by Hurdiidae, most of which are interpreted as generalised predators and sediment-sifters. Suspension feeding 
evolved multiple times during their evolution, presumably in response to increasing levels of competition in the ecosystem. 
This work highlights that radiodonts were important components of early animal ecosystems.

Figure 1. Cambrian radiodonts from the Burgess Shale, Canada. A: Oral cone showing 32-plate morphology of Peytoia nathorsti. B: Whole 
body specimen of Anomalocaris canadensis, with a raptorial frontal appendage indicated with white arrow. C: Whole body specimen of 
Hurdia victoria, showing large frontal carapace. D: Model of Peytoia nathorsti by E. Horn. Modified from Daley (2013).
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5.7 
Do Tethyan mercury anomalies reflect a global volcanic trigger for the 
Smithian/Spathian boundary climatic and biotic crisis?
Oluwaseun Edward1, Hugo Bucher3, Marc Leu3, Thierry Adatte2, Aymon Baud2, Torsten Vennemann1

1 Institute of Earth Surface Dynamics, Géopolis, University of Lausanne, CH-1015 Lausanne, Switzerland  
  (oluwaseun.edward@unil.ch)
2 Institute of Earth Sciences, Géopolis, University of Lausanne, CH-1015 Lausanne, Switzerland
3 Paläontologisches Institut der Universität Zürich, Karl Schmid-Strasse 4, 8006 Zürich, Switzerland 

The aftermath of the Permian-Triassic Boundary Mass Extinction witnessed cycles of extinction/origination for the marine 
nekton alternating with recurrent ecological setbacks of land plant communities. The most drastic extinction of the nekton 
(ammonoids and conodonts) occurred at the Smithian/Spathian boundary (SSB) ca. 249.2 Ma ago (Widmann et al. 2020). It 
was accompanied by climatic upheavals impacting the carbon cycle as evidenced by positive excursions in the global 
carbon isotope compositions (Baud et al.,1996, Galfetti et al., 2007), cooling of sea surface temperature (Romano et al., 
2013), and a migration of cold water conodonts to low latitudes shallow waters (Leu et al. 2019). The long held hypothesis 
for a causal relationship between Early Triassic volcanism and the SSB crisis (e.g. Galfetti et al. 2007) was subsequently 
thought to correspond to anomalies in the Hg concentration of some sections but the validity of this proxy has also been 
questioned for the SSB (Hammer et al., 2019).

This study further investigates Hg concentrations as a proxy for volcanism leading to the SSB extinction in parallel with C 
(from organic and inorganic phases) and Sr isotope, elemental, and mineralogical compositions, in two biostratigraphically 
well-constrained carbonate SSB sections from the Tethyan Gondwana margin of Oman and one section from the shelf 
record of the Nanpanjiang pull apart basin, south China. In one of the two Oman sections and in the Nanpanjiang basin, Hg 
anomalies coincide with relatively low 87Sr/86Sr, whereas Hg concentrations in the other Oman section approach detection 
limits. TOC measurements were possible in the shelf records of the Nanpanjiang basin, whereas the two offshore sections 
do not contain any detectible organic matter.

In addition, mineralogical and trace element compositions provide no evidence for the presence of sulfides, and potential 
Hg-hosting clay minerals are only present in the Nanpanjiang shelf section. Furthermore, the observed spikes in Hg 
concentration also vary in age and magnitude. As organic matter (OM) is the main sedimentary host of mercury under oxic 
conditions, its paucity in the studied sections might be related to the studied sites representing rather low bioproductivity 
marine environments and hence very limited organic matter accumulation and/or subsequent diagenetic loss of organic 
matter. Alternatively, there simply was no single volcanic event of global impact that triggered the SSB crisis (cf Hammer et 
al., 2019). Taken together, the temporal disparity, variable magnitude and spatial inconsistency of the Hg anomalies 
recorded in the studied carbonate SSB sections can be interpreted as pulses of increased regional deep-sea volcanic 
activity, and do not suggest a large-scale atmospheric input of Hg as would be expected from a continental, subaerial 
volcanic event with a global impact.
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The Toarcian oceanic anoxic event (T-OAE, ~183 Ma) is associated with oceanic anoxia, rapid seawater temperature 
increase and a marine mass extinction event. This is reflected in the widespread deposition of organic-rich black shales and 
a characteristic negative excursion in bulk organic carbon isotopes. 
 
The underlying biotic and environmental upheavals are linked to the emplacement of the Karoo-Ferrar large igneous 
province (LIP) and associated volcanism. The Dotternhausen section (Larfarge-Holcim quarry, SW Germany) is considered 
one of the key sections of the T-OAE with comprehensive data including carbon isotope analyses, total organic and 
inorganic carbon content and Rock-Eval analysis. The quarry is not accessible anymore but a new open pit in Dormettingen 
(~2km, NW Dotternhausen) offers excellent outcrop conditions. Comparison between these two German sections showed 
that sedimentology, geochemistry and faunal data are laterally constant. Palynological analysis of 59 outcrop samples 
yielded an excellent quantitative data set of the early Toarcian, Posidonia shale sediments. Here we provide a high-
resolution, multi-proxy study including chemostratigraphy (δ13Corg), particulate organic matter (POM), and palynology in 
order to reconstruct the depositional environment during the T-OAE. At the falciferum Zone a negative carbon isotope 
excursion was recorded that coincided with a biotic turnover with dinoflagellate and calcareous nannofossils being replaced 
by prasinophytes indicating long-term photic zone anoxia. The negative isotopic signal, the marine dinoflagellate “blackout” 
and the changes in terrestrial vegetation imply major palaeoenvironmental upheavals in both realms. The distribution and 
growth of dinocysts (planktonic organism) is influenced by environmental factors such as oxygen levels, salinity, 
temperature, nutrient availability, light, and water depth. Changes in dominance structure of terrestrial ecosystems as 
reflected in spore- pollen assemblages can be indicative of ecological disturbance.

Hence, a multiproxy approach incorporating both terrestrial and marine microfossils was necessary to understand the major 
environmental perturbations during the T-OAE.
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The end-Permian mass extinction eliminated the majority of species on Earth and thereby disrupted interactions between 
species by removing competitors, predators, prey species, mutualists, and ecosystem engineers. This paper reviews effects 
from this disruption on benthic marine communities in the wake of the crisis and explores how the re-establishment of 
ecological interactions affected ecological and evolutionary transformations of post-extinction communities. Elimination of 
competitors had a profound impact on the species composition of marine shelf habitats, because it allowed many surviving 
species the invasion of habitats from which they were previously excluded due to the presence of better-adapted 
competitors (Hofmann et al. 2013, 2014; Hautmann 2014). This effect manifests in a broader habitat range of many 
species, which has commonly been misinterpreted as the result of preferential survival of generalistic species. A 
macroevolutionary effect of the reduced number of competing species is low speciation rates, because the stimulating 
effect of interspecific competition on niche partitioning was reduced (Hautmann et al. 2015). Evolutionary consequences of 
increasing predation on hard-shelled prey (durophagy) became evident from the Middle Triassic onward and manifested in 
the evolution of antipredatory features such as cementation, improved armour, infaunalisation, and options for active 
escape (Hautmann 2004; Harper 2006). The effects from the removal of ecosystem engineers are exemplified by the 
disappearance of Permian reefs and carbonate platforms including the species that they harboured. Although smaller reefs 
sparsely re-appeared in the Early Triassic (Brayard et al. 2011), the main resurgence of carbonate build-ups took place in 
the Middle Triassic (Fig. 1), simultaneously with the main re-diversification of many benthic clades (Friesenbichler et al. 
2019; unpublished data). During the Middle Triassic, positive effects on biodiversity due to habitat structuring by carbonate-
producing organisms combined with those from increasing intensity of interspecific competition to produce a hyperbolic 
increase in benthic biodiversity (Hautmann et al. 2015), which continued until niche-pre-emption caused dampening of 
diversification in the Late Triassic. 

Figure 1. Example for the re-establishment of large reefs during the Middle Triassic: Langkofel-group (South Tyrol), with spectacularly 
preserved reef-slope of the Plattkofel (right). 
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5.10 
Was the early tetrapod Eryops capable of a salamander-like walk? 
Developing new methods to test paleontological hypotheses about 
posture and gait

Eva C. Herbst1, Enrico Eberhard2, Armita R. Manafzadeh3, Chris Richards2, & John R. Hutchinson2
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The evolution of terrestrial locomotion in early tetrapods was one of the most significant events in vertebrate evolutionary 
history. However, we still do not know how these early tetrapods walked on land. Salamanders are often used as modern 
analogues for how early tetrapods moved, but few studies have tested this. Here, we tested in vivo and ex vivo knee and 
hip range of motion of Salamandra salamandra using rotoscoping and a new motion-capture experimental setup. We 
conclude that in vivo datasets offer data for comparisons to fossil taxa that are not available from ex vivo manipulation 
alone. With these in vivo data in hand, despite the lack of soft tissue preservation in fossils, we can use an exclusion-based 
approach to determine if the osteological joint range of motion in the fossil permitted certain gaits. 

We developed a new method to investigate how the hip and knee joints interact to produce limb orientations, and to test 
paleontological hypothese about posture and gait. With this method, we oriented the hindlimb of the early tetrapod Eryops 
megacephalus to replicate four key limb poses employed by the salamander throughout its terrestrial stride cycle. We then 
tested Eryops’ osteological joint range of motion to determine whether these poses could be achieved without reaching 
bony stops at both the hip and the knee. We conclude that, based on the bone morphology, Eryops was not incapable of a 
salamander-like lateral sequence walking gait. Future studies that incorporate other lines of evidence, such as soft tissue 
reconstructions and kinetic constraints, will help to further test this hypothesis.  
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A Devonian ctenophore from Canada  
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Fossils of invertebrates lacking mineralized hard parts are generally rare. The likelihood of being preserved is lower when 
the content of water in the body is high and when the body parts are not or hardly sclerotized. Correspondingly, fossil 
remains of worms, jellyfish, slugs and the like can be found only in conservation deposits, where soft tissues were 
mineralized quickly or where imprints of bodies are buried quickly enough. Here, we present an invertebrate fossil, which 
displays an unusual symmetry. It was found in silty sandstones of the famous conservation deposit Miguasha (Canada), 
where Late Devonian sediments yield abundant fish fossils (e.g., Cloutier 2013; Cloutier et al. 2020). The disc-shaped fossil 
bears 18 radii, which fuse to groups of three towards its center. This means that only six radii can be seen around the 
centre. This symmetry is known only from some Cambrian dinomischids of the Burgess Shale and the Chengjiang Fauna. 
However, the disc- to sphere-shape is reminiscent of Ctenorhabdotus, another ctenophore from the Burgess Shale. By 
contrast, the 18 radii show a peculiar zigzag pattern, which resembles the cushion plates on tentacle rods of the Chinese 
genus Daihua (Zhao et al. 2019). We assessed its systematic position using parsimony analyses and Bayesian analysis 
using two different character matcrices (based on Zhao et al. 2019), where we coded missing characters following the two 
Cambrian ctenophores Ctenorhabdotus and Daihua. Depending on the matrix, the new taxon plots close to or at the base 
of the crown group of the Ctenophora. This new finding shows how little is known about this group.
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A new Euchelicerate (Synziphosurina) from the early Ordovician 
Fezouata Biota
Lorenzo Lustri1, Pierre Gueriau1, Peter Van Roy & Allison C. Daley1
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The Fezouata Formation in southeastern Morocco is an Early Ordovician Lagerstätte that preserves a wide variety of non-
biomineralized taxa and anatomical features (Van Roy et al. 2015). This site is noteworthy because it preserves a mix of 
Cambrian Explosion fauna and more typical Paleozoic marine taxa, as exemplified by the arthropods from this site, which 
include radiodonts and other stem lineage taxa as well as a wide variety of euchelicerates. Two different undescribed 
euchelicerates are particularly abundant, one of them being the oldest occurrence of horseshoe crabs in the fossil record, 
and the other having been ascribed to a closely related clade known as the “synziphosurines”, characterised by the lack of 
a fused opisthosoma.

Synziphosurina is a paraphyletic clade of taxa of various affinities, including stem members of Euchelicerata and of the 
lineages leading to Eurypterida, Xiphosura and Arachnida. Here we described a new synziphosurine taxon characterized by 
the presence of a semi-circular prosoma with an apical carapace spine, a prosomal rim, and doublure. A first pair of 
uniramous appendages is present anterior to four pairs of biramous appendages and one pair of uniramous exopods in the 
prosoma. There are eleven post-cephalic targites, lacking fusion, and the first of them is not reduced to a ring like 
articulation, as seen in many synziphosurines, but instead is fully developed. The second to sixth targites possess a highly 
developed axis with pleura present from the first to the eighth segments. On the ventral side of the pre-abdomen uniramous 
appendages (exopods) have been found from the first to the seventh targites. The last four targites do not bear 
appendages and are fused with sternites forming a circular shaped segment. The pre-telson segment is often associated 
with a possibly membranous structure, interpreted as an anal pouch.

Only three taxa of Synziphosura have been found with preserved appendages and two of them shows strong similarities 
with the new taxon described here: Offacolus kingi (Orr et al 2000) and Dibasterium durgae (Briggs et al 2012) from the 
Silurian Lagerstätte of Herefordshire. Both of them are at least 50 Ma younger than our taxon. The new Fezouata Biota 
taxon possesses some characters in common with these taxa, such as biramous prosomal appendages similar in 
morphology to those of the Offacolus kingi, but also shares characters with crown euchelicerates, like a prosomal rim. 
Cambrian arthropods such as Habelia optata shares with the new taxon here described the number of targites, a squared 
margin of the axis, and an anal pouch. We undertook a phylogenetic analysis to clarify the phylogenetic position of the 
group. Two different datasets (Jago et al 2016; Aria et al 2019) have been used and compared, using both parsimony and 
Bayesian methods to increase the reliability of our result. The new taxon resolves as a stem-euchelicerate, and provides 
new information for understanding early euchelicerate evolution. 

An in-depth study of the Fezouata shale material clarifies the evolution and phylogeny of early xiphosurids and 
synziphosurines, and the relationships between them and other euchelicerates. Linking our new findings on euchelicerate 
diversity during the Great Ordovician Biodiversification Event to the earliest origin of the phylum, as recorded in Cambrian 
Burgess Shale-type biotas, provides a more complete picture of euarthropod evolution during these major events. 
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A new Lower Ordovician nektaspid euarthropod from Morocco
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Nektaspids are non-biomineralized euarthropods that were at the peak of their diversity during the Cambrian Period. Post-
Cambrian nektaspids are a low-diversity group with only a few species described so far. Tariccoia tazagurtensis is a new 
species of small-bodied nektaspid (of the family Liwiidae) from the Lower Ordovician Fezouata Shale of Morocco. This 
species is characterized by a sub-circular cephalon with pointed genal angles and with a marginal rim; a thorax consisting 
of four tergites, the 1st and 2nd of which are overlapped by the cephalic shield; and by a pygidium with its anterior margin 
curved forwards, a rounded posterior margin and a long medial keel that does not reach the posterior pygidial border. T. 
tazagurtensis differs from the type (and only other known) species from the Ordovician strata of Sardinia (Italy), Tariccoia 
arrusensis, mainly in its cephalon and pygidial morphologies. The two specimens of T. tazagurtensis preserve remains of 
the anterior part of the digestive tract, which are comparable to the ramified digestive glands seen in in the Cambrian 
nektaspids Naraoia and Misszhouia canadiensis. The rare occurrence of T. tazagurtensis in the Fezouata Shale and the 
distribution of other liwiids suggest that these liwiids were originally minor members of open-marine communities during the 
Cambrian, and migrated into colder brackish or restricted seas during the Ordovician.
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The false gharial Tomistoma schlegelii and its implications for 
phylogeny and character assessment of extant and extinct crocodylians
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Diversity and distribution of extant crocodylians is, with just over 25 species, quite depleted, with many species being prone 
to extinction and showing restricted and/or fragmented habitats. Considering the whole of crown-group Crocodylia including 
the extinct closest relatives of alligators and caimans, crocodiles, gharials, a different, more diverse picture emerges, in 
which, even in the recent geological past, these amphibious ambush predators were much more common in non-marine, 
and potentially even in nearshore marine ecosystems (e.g., Salas-Gismondi et al. 2019). Unfortunately, relationships 
between the extant and extinct crocodylians are still largely under debate, with molecular, mrophological, or total-evidence 
approaches often providing contradicting results. Furthermore, there is also a bias when using osteological descriptions for 
comparison with fossils: crania are more abundantly collected and more thoroughly described compared to postcrania. 
Here we use the description of a complete adult skeleton of the extant false gharial Tomistoma schlegelii from the 
collections of the Zoological Museum of the University of Zurich as starting point to explore the phylogentic value of the 
often less studied axial and appendicular skeletal parts. This serves as basis for the establishment of the first postcranial 
character-only matrix on extant and extinct Crocodylia. Surprisingly, even completely taking out cranial data, our 
phylogenetic analyses mostly retrieve the same topology as previous morphological studies (that are to a large degree 
based on cranial data instead), except for a few taxa that were recovered in unexpected positions. This might be resolved 
in the future by acquiring more comparative data on the postcranial skeleton of crocodylians in general, especially of extant 
species. Nevertheless, our study shows that crocodylian postcranial data does carry a phylogenetic signal, and as such, 
should be used more widely in morphological datasets. Furthermore, the use of continuous data instead of using discrete 
characters also often proved to be the more efficient approach, a result that ought to be further studied in future analyses 
as well.
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Cephalopods are important components of many modern and past marine ecosystems. In addition, externally shelled 
representatives provide an excellent fossil record dating back to the late Cambrian. In the Early Ordovician, cephalopods 
underwent a rapid diversification with most of the major groups informally referred to as “nautiloids” appearing for the first 
time. Nevertheless, the early evolutionary history and the relationships between those groups remain poorly understood 
and partly controversial. There exist a number of classification schemes that are sometimes incompatible with each other 
(e.g. Dzik 1984; Mutvei 2015; King & Evans 2019). This incongruency is explained by profound differences in the underlying 
phylogenetic hypotheses, which commonly reflect the author’s opinions on the importance of certain characters, rather than 
being based on a thorough cladistic analysis. To date, cladistics have been scarcely used in nautiloid research and based 
on rather limited datasets. 

Here, we present the first comprehensive phylogenetic analysis of Cambrian and Ordovician nautiloid cephalopods based 
on a large, newly compiled character matrix. We defined 137 characters and scored them for 163 species from all major 
groups spanning a time interval of about 50 million years from the Jiangshanian (late Cambrian) to the Hirnantian (Late 
Ordovician). The species were partly scored first hand and from a thorough survey and critical assessment of the existing 
literature. In some cases, we replaced missing data with data from congeneric species to maximise the information content 
of the data set. We analysed the data using both parsimony and Bayesian approaches, with an emphasis on the latter. 
Bayesian methods are widely applied to molecular data, but they have also gained more attention for morphological data 
recently, with a rapid development of new methods (Wright 2019). We used the fossilized birth-death model, which 
incorporates stratigraphic ages sampled through time (Heath et al. 2014). In addition, we applied a relaxed clock model to 
adjust for rate heterogeneities. This approach enabled us to reconstruct a timeline of nautiloid evolution.
The results recover many of the previously recognized groups, indicating that the application of phylogenetic methods on 
fossil nautiloids is well justified. They may serve as a robust base for a modern phylogenetic classification. Where 
uncertainties persist, future studies with additional data or refined models may increase accuracy.
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5.16 
Fossil and modern microbialites from where everything starts : lake de 
Los Cisnes (southernmost Chile)
Clément Pollier1, Daniel Ariztegui1, Alejandro Nuñez Guerrero2, Jorge Rabassa3, Monica Salemme4 
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Microbialites are organo-sedimentary deposits formed by the activity of most often a microbial consortium (Burne et Moore 
1987). Appeared more than 3.5 billion years ago, they represent the oldest evidence of life on Earth discovered to date 
(Riding 2011). Currently, these structures are developing all over the world in both lacustrine and marine settings (e.g., 
Australia, Brazil, The Bahamas). However, after nearly 100 years of research on the taxonomy, sedimentological 
characteristics, and distribution of microbialites through time and space (Riding 2011), the origin and significance of these 
particular deposits is still a matter of debate. Little is known about microbialite formation, in particular the relative roles of 
microbial versus environmental factors ruling their accretion. Lake de Los Cisnes located at 53 ° 25’ S and 70 ° 40’ W in 
Chilean Tierra del Fuego, Patagonia, provides us with a unique site to fill this gap. This basin is part of a set of lakes 
formed during the retreat of the ice following the last glaciation about 10,000 years ago. Subsequently, Lake de Los Cisnes 
was densely colonized by microbial mats that developed the presently living and fossil microbialites. We present here the 
preliminary results obtained during a field campaign carried out in early February 2020, exploring the relative contributions 
of environmental (extrinsic) versus biological (intrinsic) factors that control microbialite morphogenesis across scales 
(Fig.1A).

Macroscopically, those organo-sedimentary deposits have an extension of almost 8 km2 encompassing several 
morphologies exceptionally large with maximum heights and widths of 1.5 m and 5.0 m, respectively. Crater-like shapes are 
dominant, displaying a spherical to elongated character most frequently unfilled. Both spatial distribution and temporal 
succession of morphotypes suggest that physico-chemical settings are critical in the localisation as well as in the style of 
the microbial carbonate factory, which in turn is reflected in the gross morphology of the subsequent deposit (Fig.1A and B). 
On a smaller scale, the microbialite meso-structure reveals a pattern of three mineralogically and chemically distinct 
stacked layers (Fig.1C). This fabric reflects a multiphase history of formation, link with the ecological temporal succession 
of bacterial communities (Fig.1D), still under influence of environmental conditions (Fig.1A). Interestingly, the simultaneous 
occurrence of various living bacterial mats showing several stages of mineralization (both intra and extra-cellular), provides 
insights regarding the microscale complex interactions between the different compounds of the bacterial ecosystem 
(cyanobacteria, sulfate-reducing bacteria, green algae and diatoms) (Fig.1D). 
Finally, the presence of extraordinary well-preserved fossil outcrops along with living microbialites gives a temporal 
dimension to this study, laying the foundations for a new formation model. By applying this model to other microbialites 
outcropping at different geographical and temporal scales, the microbial carbonates of Lake de Los Cisnes could represent 
a key to understand the early evolution of life in connection with the environment of the past. 
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Fig. 1 : Conceptual model illustrating the traditional view of the relative influence of environmental versus biological factors on stromatolite 
morphogenesis at macro (morphology), meso (fabric) and micro (microbial community) scales. Original Trompette (1982) model (A) shows 
that microbes controls microscale microbial community whereas environment controls macroscale morphology. Modifications based on 
recent research from Lake de Los Cisnes have revised the model showing : (B) At the macroscale, microbialites are shape by a continuum 
of environmental factors with different orders of importance ; (B) At the mesoscale, the dual influence predicted by Trompette (1982) is 
supported by current research, showing fabrics are controlled equally by environment and biology; (C) at the microscale, microbial mats 
reflect a cycling of three different communities : (I) a floating filamentous phototrophic community which traps and binds sediments; (II) a 
benthic mixotrophic biofilm community, which precipitates microcrystalline calcium carbonates; (III) an endolithic community, which forms 
cemented layers. Based on Trompette (1982).
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5.17 
Oligocene rhinoceroses from Switzerland untangle the phylogeny of the 
early Rhinocerotidae
Jérémy Tissier1,2, Pierre Olivier Antoine3 & Damien Becker1,2

1 JURASSICA Museum, Route de Fontenais 21, CH-2900 Porrentruy
2 Department of Geosciences, University of Fribourg, CH-1700 Fribourg
3 Institut des Sciences de l’Évolution, Université de Montpellier, CH-34000 Montpellier

We describe two new Oligocene species of rhinoceroses, Mesaceratherium tschani and Ronzotherium sp. nov., that were 
both found in the Swiss locality of Bumbach, Bern Canton (MP25 reference level, “middle” Oligocene). In addition, we 
identify the only known complete mandible of Epiaceratherium magnum, that was found in a locality near Basel. 
Epiaceratherium and Ronzotherium were the earliest rhinoceroses in Western Europe and appeared just after the Eocene-
Oligocene transition (Grande Coupure). Mesaceratherium is mostly known from the late Oligocene of Western Europe, and 
M. tschani from Bumbach is thus the earliest known species of this genus.
We computed a parsimony analysis based on morpho-anatomical characters to assess their phylogenetic position and 
elucidate the early evolution of the Rhinocerotidae. The reduction of the anterior dentition (i.e. incisors and canines) is a 
major adaptative trait of this group but the corresponding evolutionary sequence was lacking a robust phylogenetic frame to 
support it thus far. The results we found allow to propose a new scenario for the reduction of the anterior dentition and 
show that upper and lower anterior dentitions have undergone distinct evolutionary trajectories. 

Figure 1. Mandibles of Epiaceratherium magnum from Rheinbetts (top-left), of Mesaceratherium tschani (top right) from Bumbach and of 
Ronzotherium sp. nov. (bottom) from Bumbach. Scale bar equals 2cm. 
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5.18 
The evolutionary–phylogenetic pathway of Aegocrioceras spp.: 
Revisiting a Cretaceous ammonoid
Manuel F. G. Weinkauf1, René Hoffmann2 & Kurt Wiedenroth3

1 Ústav geologie a paleontologie, Charles University, Albertov 2038/6, CZ-128 43 Praha (manuel.weinkauf@unige.ch)
2 Institut für Geologie, Mineralogie und Geophysik, Ruhr-University Bochum, Universitätsstraße 150, DE-44801 Bochum
3 Am Hohen Holze, DE-30823 Garbsen

The Cretaceous ammonite genus Aegocrioceras from the Boreal of northern Europe is an enigmatic ammonite taxon. The 
last systematic description of this endemic genus dates back to Rawson’s (1975) work on the English Speeton clays. Both, 
the systematic validity of its species (Hoffmann et al. 2019) as well as the origin of the genus—either descending from the 
Boreal Juddiceras (Rawson 1975) or Tethyan Crioceratites (Rawson 1995)—are still a matter of debate.

Here, we use an assemblage consisting of the Aegocrioceras-species A. bicarinatum [m], A. quadratum, A. raricostatum, 
A. semicinctum [M], and A. spathi from the clay pit Resse north of Hannover (NW Germany). A total of 320 specimens have 
been analysed for their conch morphology using univariate measurements, and their ontogenetic growth trajectories have 
been predicted. These morphometric measurements were then used for a systematic analysis within the Aegocrioceras 
genus and its relationship to the potential sister taxa Crioceratites seeleyi, Emericiceras wermbteri, and Juddiceras 
curvicosta.

We observe a clear systematic distinction of A. raricostatum, A. spathi, and the A. bicarinatum/semicinctum/quadratum 
complex (Fig. 1A). This supports earlier results from Hoffmann et al. (2019), which imply that A. bicarinatum [m] and 
A. semicinctum [M] are two antidimorphs of the same morphospecies. Potentially this complex also includes A. quadratum, 
but with only two usable specimens of that species in our final dataset this is impossible to verify. The species A. 
raricostatum and A. spathi are retained as separate morphospecies, however. A phenetic analysis puts all Aegocrioceras-
species firmly within one clade, suggesting their monophyletic origin (Fig. 1B). The Aegocrioceras bicarinatum/semicinctum 
complex would be the phylogenetically oldest, with A. spathi being the youngest species and potentially a sister taxon to 
the boreal Crioceratites seeleyi. This is supported by the stratigraphic range and strato-phylogram developed by Rawson 
(1975) for the Speeton clay, as well as observations of the stratigraphic distribution of species in the clay pit Resse.
Our study thus confirms the monophyly of Aegocrioceras spp. as an endemic ammonoid genus from the Boreal. A 
derivation from both the Boreal Juddiceras and Tethyan Crioceratites leads to nearly identical phylogenies which are 
coherent with the observed stratigraphic distribution of the species, so that a decision for either one of the derivation 
hypotheses cannot be made based on our data. We hypothesize, though, that at least some of the later (i.e. Hauterivian) 
Crioceratites in the Boreal may indeed be descendants of local Aegocrioceras-species, instead of newly invading Tethyan 
forms. Further studies incorporating more Boreal Crioceratites-species are needed to verify this hypothesis.

Figure 1. A: Flexible discriminant analysis of Aegocrioceras spp. from the clay pit Resse, including position of closely related species from 
the same region. B: Potential phylogram of Aegocrioceras spp. and related species with Juddiceras curvicosta as outgroup.
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P 5.1 
Cranio-dental anatomy and phylogenetic analysis of Amynodontidae 
(Perissodactyla, Rhinocerotoidea)  
Léa Veine-Tonizzo1,2, Jérémy Tissier2,3 & Damien Becker2,3  

1 Université de Rennes, CNRS, Géosciences Rennes, UMR 6118, 35000 Rennes, France  
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2 JURASSICA Museum, Route de Fontenais 21, CH-2900 Porrentruy
3 Department of Geosciences, University of Fribourg, CH-1700 Fribourg

Amynodontidae are an extinct family of Rhinocerotoidea known from the Middle Eocene to the latest Oligocene. 
Amynodontidae had an important diversification during the Middle and Late Eocene in North America, in Asia and in 
Eastern Europe. Their presence in Western Europe is dated from the Oligocene and is related to the the “Grande Coupure” 
event.

We describe here unpublished specimens of Amynodontidae, a skull and a mandible, of Zaisanamynodon borisovi 
(Fig.1A-B) from the Late Eocene/Early Oligocene of the Zaysan Basin (Kazakhstan) and a skull of Metamynodon planifrons 
(Fig. 1C-D), from the Early Oligocene of the Big Badlands (United States). We included this new cranio-dental material in a 
morphological characters matrix (Tissier et al. 2018). It was completed with cranial specimens of the Amynodontidae 
Amynodontopsis jiyuanensis, Cadurcotherium cayluxi and Cadurcotherium minus.

We computed a parsimony analysis based on this matrix, including taxa of Rhinocerotidae, “Hyracodontidae” and 
Amynodontidae. We propose here a new phylogenetic hypothesis which allows to discuss the phylogenetic positions of the 
new referred specimens within the Amynodontidae and the position of the Amynodontidae within the Rhinocerotoidea. The 
new fossil occurrences described here expand the understanding of the geographical distribution of Amynodontidae.

Our phylogenetic results mostly display the same topology as previous morphological studies (e.g., Averianov et al. 2016; 
Tissier et al. 2018). Our cladistic analysis includes a more complete taxonomic sampling of Amynodontidae which permits 
to clarify the generic composition of the amynodontid tribes Metamynodontini and Cadurcodontini. The presence of several 
cranial characters such as the nasal incision above P4-M1 suggests an adaptation of the nasal area related to the 
presence of a proboscis in Cadurcodontini. These characters explain the split of the two tribes.

Figure 1. A-B: Skull and mandible of Zaisanamynodon borisovi from Kazakhstan; C-D: Skull of Metamynodon planifrons from The United 
States of America. Scale bars equal 10 cm. 
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P 5.2 
Avian cranial suture closure: an interspecific indicator for age
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The ontogeny of various vertebrate groups is characterized by a successive sutural closure between different skull bones 
during growth, which can be used as an osteological proxy for skeleton maturity. Bone sutures in juvenile vertebrates are 
usually open or incompletely connected, while those of adults are closed or even fused. The sutural closure has been 
essentially studied in mammals showing that the timing of cranial closure is very similar in all of the major placental clades 
(Rager et al. 2013). Sutural closure has been further studied for alligators and emus, but a detailed comparison revealed 
that the mammalian model cannot be adapted to archosaurs (Bailleul et al. 2015, 2016). This indicates a greater disparity in 
this ontogenetic process within vertebrates that need to be studied in more detail. 

The goal of our study is to investigate if a general pattern of sutural closure (similar to that of mammals) can be determine 
for birds through ontogeny. To do so, we collected skull suture information for the ontogenetic series of ten bird species 
following the protocol of Bailleul et al (2016). We created an ontogenetic matrix of 39 suture characters and calculated the 
average of the sutural closures (ontogenetic ratio) for each specimen. Finally, we tested the correlation between sutural 
closure and log-transformed geometric mean (see Claude 2008) for each species. 

Our analyses reveal that the degree of suture closure correlates significantly with the log-transformed geometric mean 
(Figure 1) and can be used to assess skull maturity, supporting the findings of the case study by Bailleul et al. (2016). 
However, the slope between the ontogenetic ratio and size differs from species to species, indicating interspecific variation 
that probably results from species-specific skeletal growth rates (Botelho and Faunes, 2015).
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Figure 1. Ontogenetic serie of Corvus corone. The bivariate plot shows a significant relation between the log-transformed geometric mean 
and ontogenetic ratio (R2= 0.71, pvalue < 0.0001).  A-B-C-D-E correspond to different ontogenetic stage showing the major modification on 
the skull in dorsal view.
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A new coelacanth from the lower Jurassic of Switzerland
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The Middle Triassic of Switzerland has yielded four taxa of actinistians including Ticinepomis peyeri (Rieppel, 1980), 
Heptanema cf. paradoxum (Renesto & Stockar, 2018) and a new genus from Monte San Giorgio (Ferrante et al., 2017), 
Canton Ticino, and Foreyia Maxkhuni and Ticinepomis cf. peyeri, both from the Ducan–Landwasser mountains, Canton 
Graubünden (Cavin et al., 2017). Except this relatively high diversity of coelacanths found in the Triassic, few occurrences 
have been discovered in younger rocks.

One of the rare exception, and probably one of the first coelacanth fossil found in Switzerland, is a specimen collected in 
1873-1874 in the lower Jurassic of the “Préalpes Médianes Plastiques”, near Teysachaux, a summit close to the iconic 
Moléson, Canton Fribourg. The identity of the collector is unknown. Potentially it is Joseph Cardinaux, a fossil collector and 
dealer who found and sold many other fossils, notably the first ichthyosaur in Switzerland (Mennecart & Havran, 2013), 
originating from this area to Fischer-Ooster, a paleontologist at the Museum of Bern.

The section at Teysachaux in a locality named “Creux de l’Ours” has yielded many marine fossils, including many bivalves, 
gastropods, ammonites, belemnites and some rare vertebrates such fishes and ichthyosaurs (Mennecart & Havran, 2013). 
It is composed of grey thin-bedded hemipelagic marls and marly limestones. The deposit was accumulated during the lower 
Toarcian in a deep and distal part of the Sub-Briançonnais basin of the Alpine Tethys under a warm and humid climat 
(Fantasia et al., 2018).

Fischer-Ooster wrote on the label of the specimen Macropoma heeri, corresponding to a new species of this genus, but he 
did not publish a diagnosis, a description and an illustration of the specimen. Consequently, this species should be 
regarded as a nomen nudum according to the International Code of Zoological Nomenclature. This mostly complete 
specimen (Fig. 1), lacking cheek and jaw bones, share characters with the type species of Macropoma, M. lewesiensis from 
the early Late Cretaceous of Europe, e.g the ventral swelling of the pterygoid, but it also differs by some characters, such 
the supraorbital sensory canal opening through a large, continuous groove crossed by pillars similar to Libys polypterus 
(Cavin et al., 2017), from the Upper Jurassic of Germany. If the generic identity of the specimen of Teysachaux is 
confirmed, this would increase considerably the stratigraphic range of the genus Macropoma, extending it by 80 million 
years in the past. Moreover, Macropoma is one of the closest relative of the extant Latimeria, except the Upper Jurassic 
Swenzia. The long stratigraphical range of this genera, and its morphological proximity with Latimeria, reinforce the idea 
that this coelacanth lineage has evolved morphologically slowly, which earned to the last living coelacanth Latimeria the 
nickname of “living fossil”.
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Figure 1. The nearly complete specimen of coelacanth from the lower Jurassic found at Teysachaux, Switzerland.
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P 5.4 
Evolutionary history of the tselfatiiforms - weird ray-finned fishes from 
the Cretaceous - with a focus on Lebanese taxa
Tamara El Hossny1,2, Lionel Cavin2 & Elias Samankassou1

1 Département des Sciences de la Terre, Université de Genève, Rue des Maraîchers 13, CH-1205 Genève  
  (Tamara.ElHossny@unige.ch)
2 Département de Géologie et Paléontologie, Muséum d’Histoire Naturelle de Genève, CP 6434, 1211 Genève 6

Tselfatiiformes, or Bananogmiiformes (banana-fishes), is an extinct order of actinopterygian fishes from the Cretaceous, 
extending over a short stratigraphical range from the Albian to the Campanian. It includes around 20 genera distributed 
around the world. The phylogenetic position of this order within the Teleosts as well as the intrarelationships within the 
clade are far from being resolved (Cavin 2001 vs Taverne & Gayet 2004). Therefore, previously studied material from 
various localities (Europe, Morocco, USA) housed at different institutions will be reviewed and new material, mainly from 
the Lagerstätte of Lebanon, will be investigated by tackling osteological, phylogenetic, palaeobiogeographical and 
paleoecological approaches.

The study of two specimens, one originating from the Lebanese deposits of Hjoula (Fig. 1 A and B) and the other from 
Haqel (Fig.1 C), allowed us to assign the first to the Lebanese endemic family Protobramidae, and the second was found to 
be closer to to the North-American genus Martinichthys.

With most tselfatiiforms having highly derived cranial and postcranial features, in particular characters related to the jaws 
and the dentition, these fishes likely occupied a peculiar position in the trophic web. They also display a positive correlation 
of body size with time (Cope’s rule) (Guinot & Cavin 2018), along with a positive correlation of their taxic diversity with sea 
temperature (Cavin et al. 2007).

A hypothesis to be tested is that these fishes were pelagic fast swimmers feeding on soft bodied invertebrate, including 
jellyfish. The peculiar environmental conditions in the mid Cretaceous may have fostered this adaptation, in particular 
exceptionally high sea level and high sea temperature overreaching 30°C in the Tethys (Gale 2000).
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Figure 1. A, B, Part and counterpart of a complete specimen preserved in lateral view, originating from Hjoula, Lebanon. Scale bar equals 
2 cm; C, Incomplete specimen preserved in ventero-lateral view, originating from Haqel, Lebanon. Scale bar equals 4 cm.
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P 5.5 
Reproduction strategies in a marine protist: A modelling approach

Manuel F. G. Weinkauf1, Michael Siccha2 & Agnes K. M. Weiner3

1 Ústav geologie a paleontologie, Charles University, Albertov 2038/6, CZ-128 43 Praha (manuel.weinkauf@unige.ch)
2 Zentrum für Marine Umweltwissenschaften, University Bremen, Leobener Straße 8, DE-28359 Bremen
3 Department of Biological Sciences, Smith College, 44 College Lane, US-01063 Northampton, MA

Understanding the biology of reproduction is important for retracing key evolutionary processes (e.g. speciation and 
adaptation) in any group of organisms, yet gaining detailed insights often poses a major challenge. Planktonic Foraminifera 
are a group of globally distributed marine microbial eukaryotes that are important contributors to the global carbon cycle 
and, due to their fossil record, are widely used as model organisms to investigate the responses of plankton to past 
environmental changes (Kučera 2007). The extant biodiversity of planktonic Foraminifera shows restricted distribution 
patterns and local adaptations of some species, whereas others are cosmopolitan in the world ocean. Hypotheses on their 
diversification and population dynamics so far entirely rely on the assumption of a nearly exclusively sexual reproduction 
(Bé & Anderson 1976, Takagi et al. 2020).

So far, reproduction in culture has not been successful under laboratory conditions, and thus details on their life cycle and 
its influence on the evolution of the group remain unknown. Only the production of flagellated gametes has been observed 
and is taken as an indication for sexual reproduction. Yet, sexual reproduction by spawning of gametes in the open ocean 
relies on sufficient gamete encounters to maintain viable populations. This represents a problem especially for unflagellated 
protists like planktonic Foraminifera, which lack the means of active propulsion and are characterized by low population 
densities in large areas of the world ocean (Bé 1977).

To increase the sparse knowledge on the reproductive biology of planktonic Foraminifera, we applied a dynamic, individual-
based modelling approach with parameters based on laboratory and field observations (Fig. 1). We tested if random 
gamete encounters under commonly observed population densities are sufficient for maintaining viable populations or if 
alternative strategies, such as asexual reproduction or synchronization in depth and time, are indispensable to achieve 
reproduction success. Our results show that a strict synchronization of gamete release in time and/or space seems 
inevitable for a successful maintenance of populations. We further argue that planktonic Foraminifera optimized their 
individual reproductive success at the expense of community-wide gene flow, which may explain their high degree of 
diversity as well as hampered evolvability. Our modelling approach helps to illuminate the ecology and evolution of this 
important marine calcifier and to predict the existence of necessary reproduction strategies, which may be detectable in 
future field experiments.
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Figure 1. Representative depiction of the modelling approach within on cubic metre of sea water under laminar flow. Individual Foraminifera 
release gametes within a certain time frame (varying degrees of synchronization). The gametes disperse, following Brownian motion and a 
prescribed speed, to create a spherical gamete cloud around foraminiferal shells. Whenever the gamete clouds of two individuals overlap 
(red spheres) there is a chance for fusion of two gametes into a zygote based on estimates of the local gamete density.



140
Sy

m
p

o
si

u
m

 5
: 

Pa
la

eo
n

to
lo

g
y

Platform Geosciences, Swiss Academy of Science, SCNATSwiss Geoscience Meeting 2020

P 5.6 
Evaluation of sea surface temperature gradient during the Smithian-
Spathian (Early Triassic) using oxygen isotopes in conodont bioapatite
Zoneibe Luz1, Marc Leu2, Hugo Bucher2 & Torsten Vennemann1

1 Institut des dynamiques de la Surface Terrestre, University of Lausanne, Rue de la Mouline, CH-1015 Lausanne  
  (zoneibeaugusto.silvaluz@unil.ch, torsten.vennemann@unil.ch)
2 Paleontological Institute and Museum, University of Zürich, Karl-Schmid-Strasse 4, 8006 Zürich

In the aftermath of the greatest extinction event in Earth’s history (end–Permian mass extinction), the Early Triassic was a 
period with major environmental perturbations that required consecutive adaptations of living organisms. Early 
interpretations suggested lethally hot sea surface temperatures (in excess of 40 °C) and harsh environmental conditions 
(persisting for ca. 5 Myr) as the main explanation for the delayed recovery of marine ecosystems (e.g., Joachismki et al., 
2012; Sun et al., 2012). In contrast, more recent studies with higher data density characterized the Early Triassic as a 
succession of short term cycles of extinctions and recovery periods. These cycles were likely controlled by climatic 
oscillations with locally variable environmental impacts (Song et al., 2011; Leu et al., 2019; Goudemand et al., 2019). To 
further constrain these climatic cycles, we selectively analyzed conodont bioapatite for its oxygen isotope composition from 
a number of high paleolatitude profiles that sadly have a low abundance of conodonts only, and hence where where bulk 
sampling geochemical techniques cannot be used. This required the use of secondary ion mass spectrometry (SIMS), 
which we calibrated using a more conventional method of using bulk sampling and high temperature reduction (HTR) 
analysis (e.g., Mine et al., 2017). The analyses focused on specimens from the ‘Smithian–Spathian boundary’ (SSB), as 
this represents a crucial interval with the biggest intra–Triassic extinction in the nekton, following the end-Permian main 
extinction phase by ca. 2.5 Ma (Widmann et al., 2020). 26 conodont elements from the Scythogondollella taxon were 
analysed so far: 13 from Timor (Noe Tobe) and 6 from the United States (Crittenden Springs, Georgetown, Schneebeli-
Hermann et al., 2020) that geochronologically represent the Wasatchites ammonoid zone (Late Smithian); and another 7 
from Spitsbergen (Stensiöfjellet), representing three stratigraphic horizons from the Middle Smithian up to the Late Smithian 
(Arctoceras, Arctoceras/Euflemingites and Wasatchites beds). Samples of Sc. ex gr. milleri from the Late Smithian of USA 
have a mean d18OPO4 value of 15.4 ±0.3 ‰ (n = 6, 20 spots), somewhat higher than the average d18OPO4 of samples from 
the Middle/Late Smithian of Spitsbergen (14.4 ±0.1 ‰, n = 7, 18 spots). The mean value of Sc. ex gr. milleri from Timor 
was highest (TMscm: 17.1 ±0.2 ‰, n = 13). We performed statistical tests (Student’s t-test, One-way ANOVA, Tukey’s 
pairwise) among the three datasets (Timor vs USA vs Spitsbergen) and the results have significant differences in their 
average isotopic compositions. Two factors control the d18O value from a given bioapatite during its formation: temperature 
and the d18O of the water. Rather than representing differences in the temperatures of biomineralization, these differences 
in d18OPO4  averages may be related to distinct depositional and/or latitudanal settings within which the bioapatite 
crystallized. Conodonts from the western and northern Pangea (USA and Spitsbergen) are from geological sections that 
may have had a coastal influence, while conodonts from the Tethyan realm (Timor) were sampled from sites predominantly 
deposited under offshore, tropical conditions. Assuming similar habitats and hence water temperatures for the same 
conodont species sampled from high paleolatitudes (Sc. ex gr. milleri) their d18OPO4 values correspond to d18Owater values 
of about –3.5 ‰. Given the conventional value of –1 ‰ for an open ocean in an ice-free world, a paleolatitudinal offset of 
about –2.5 ‰ can be estimated (–1 vs –3.5 ‰), similar to that noted for modern seawater d18O values between low and 
high latitudinal waters (e.g., LeGrande & Schmidt, 2006). Within the errors of the methods used, these results support Early 
Triassic offshore seawater temperatures that were biologically feasible. Additional analyses in other conodont specimens/
species from the northern Pangea and from the Panthalassic realm can help to estimate paleotemperatures and to 
understand the paleoclimatic context of these localities.
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