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4.1
Molecular characteristics of organic microfossils in Paleoarchean cherts
Julien Alleon1, Sylvain Bernard2, Nicolas Olivier3, Christophe Thomazo4, & Johanna Marin-Carbonne1
ISTE, Université de Lausanne, Lausanne, Switzerland.
IMPMC, Sorbonne Université, Paris, France.
3
LMV, Université Clermont Auvergne, Clermont-Ferrand, France.
4
Biogéosciences, Université de Bourgogne Franche Comté, Dijon, France.
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The Archean geological record contains key information to document the emergence and the evolution of early life. Claims
for traces of paleobiological activity in such ancient rocks are, however, very often controversial (Bernard and Papineau,
2014; Alleon and Summons, 2019; Javaux, 2019).
Fossilization processes and the increase of temperature and pressure conditions associated with diagenesis and
metamorphism inevitably alter the original biochemical signatures of organic molecules. At a certain stage, biotic and abiotic
organic structures may become undistinguishable (Bernard and Papineau, 2014; Alleon and Summons, 2019).
Numerous Precambrian cherts (i.e. silica-rich rocks) are well known for hosting morphologically preserved fossilized
microorganisms (e.g., Knoll et al., 2016; Lepot et al., 2017). Recently, spatially resolved investigations using synchrotronbased XANES microspectroscopy revealed that molecular information about the organic precursor of 3.4 Ga microfossils,
was preserved in the Strelley Pool Chert, Pilbara Craton, Western Australia (Figure 1), despite a metamorphic history so far
believed to be incompatible with such preservation (lower greenschist facies - peak temperature ≅ 300 °C; Alleon et al.,
2018). Laboratory experiments showed that silica-organic interactions are likely to play a key role in the molecular
preservation of microorganisms fossilized in cherts (Alleon et al., 2016). Altogether, these results demonstrate that ancient
organic microfossils may exhibit a high level of chemical preservation in appropriate settings independent of a long and
complex geological history.
Here, we use spatially resolved microspectroscopy techniques, including STXM-based XANES spectroscopy, to investigate
the chemical nature and molecular preservation of individual microfossils from the 3.4 Ga Buck Reef Chert (Kaapvaal
Craton, South Africa). The latter have heterogeneous elemental and molecular compositions that differ significantly from
those of the Strelley Pool Chert. The slightly higher peak temperature conditions (≅ 350 °C) they experienced during their
geological history may partially explain these differences, although their molecular characteristics were likely initially distinct.

Figure 1. Left: Scanning electron microscope image showing a lenticular organic microfossil from the 3.4 Ga Strelley Pool chert. Right:
X-ray absorption spectra collected at the carbon K edge for microfossils from the 3.4 Ga Strelley Pool chert (black) and the 1.9 Ga Gunflint
chert (yellow), compared to a spectrum of a modern microorganism (green). The absorption features indicate the presence of similar
molecular functional groups in both microfossils in ancient microfossils, despite they experienced different peak temperatures during their
geological history (peak temperature is indicated in °C). Data are reproduced from Alleon et al. (2018).
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4.2
Prey fractionation in the Archaeocyatha and its implication for the
ecology of the first animal reef systems
Jonathan B. Antcliffe1, William Jessop2, and Allison C. Daley1
1
2

Institut des Sciences de la Terre, Bâtiment Géopolis, UNIL-Mouline, CH-1015 Lausanne (jonathan.antcliffe@unil.ch)
Oxford University Department of Zoology, South Parks Road, Oxford, UK

Archaeocyaths are the most abundant sponges from the Cambrian period, forming the first animal reef communities over
500 million years ago. The Archaeocyatha are index fossils for correlating rocks of similar ages globally, because of their
abundance, extensive geographic distribution, their detailed anatomy and well established taxonomy. Their ecological
significance remains incompletely explored yet they are known to strongly competitively interact unlike modern sponges.
This study examines the feeding ecology of the fossil remains of Siberian archaeocyath assemblages. As suspension
feeders, archaeocyaths filtered plankton from the water column through pores in their outer wall. Here we outline a new
method to estimate the limit on the upper size of plankton that could be consumed by an archaeocyath during life. The
archaeocyaths examined were predominantly feeding on nanoplankton and microplankton such as phytoplankton and
protozooplankton. Size-frequency distributions of pore sizes from six different Siberian archaeocyath assemblages, ranging
from Tommotian to Botoman in age, reveal significantly different upper limits to the prey consumed at each locality. Some of
the assemblages contain specimens that could have fed on larger organisms extending in to the mesoplankton including
micro-invertebrates as a possible food resource. These results show that during the establishment of the first animal reef
systems, prey partitioning was established as a way of reducing competition. This method has applicability for
understanding the construction and the functioning of the first reef systems, and could be applied to understanding nutrient
flow and prey partitioning in modern reef systems and fossil phanerozoic reef systems, as well as more broadly informing
reef development though time and space.

Figure 1. A range of features associated
with the pores of archaeocyaths. A: the
three major pore types: red arrow = outer
wall pore; black arrow = septal pore; white
arrow = inner wall canal. B: Varying pore
sizes seen in slightly oblique section, with
pores becoming more elliptical (to subpolygonal) to the right side of the image.
C: Annuli are plate-like features (white
arrow) which restrict the pore width, and
may add spiny and ornate coverings to the
pore. D: Tumuli are sphere-like coverings
(red arrow) over pores that have one or
more openings to allow transit of particles.
E: An example of a broken outer wall,
producing a space in the wall much larger
than the original pore. F: The irregular
growth of archaeocyaths (e.g. if the
specimens turns through 90o during
growth) means that a single section can
intersect the specimen in such a way that
transverse, oblique, and longitudinal
sections can be seen in a single specimen
in thin section.

Swiss Geoscience Meeting 2019

Platform Geosciences, Swiss Academy of Science, SCNAT

4.3
Cranial pathologies in a Late Cretaceous mosasaur from the
Netherlands: behavioral and immunological implications.
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On rare occasions, diseases and injuries sustained during the lifetime of an organism can be preserved in the fossil record,
in the form of osseous lesions and exostoses. Palaeopathology, or the study of these ancient records of disease and
trauma, may provide insight in disease acquisition, soft tissue anatomy, healing strategies and even behavioural aspects of
extinct organisms. Although many paleopathological surveys have been undertaken in dinosaurs and archosaurs in general,
most squamates have been largely understudied (e.g. Foth et al., 2015). Research on pathologies in mosasaurs (extinct
Late Cretaceous marine squamates), however, took off early, with some of the first examples recognised at the end of the
19th century. These (mostly descriptive) works were succeeded by cases concerning both traumatic (e.g. Lingham-Soliar,
1998; Everhart, 2008) and non-traumatic conditions (e.g. Mulder, 2001; Schulp et al., 2004) prompting the first hypotheses
on their underlying behavioural implications.
Multiple pathological specimens of various mosasaur genera have been recovered from the type Maastrichtian (SE
Netherlands, NE Belgium), providing a glimpse into the interactions and trophic relationships of these marine squamates in
this latest Cretaceous ecosystem (e.g. Lingham-Soliar, 1998; Schulp et al., 2004). Despite these efforts, the immunological
implications of these pathologies have been fully neglected. Many pathological studies rely on external morphological
comparisons only, despite the availability of histological, isotopic and modern radiological techniques.
Here we report on a palaeopathological case study of a recently discovered specimen of the globidensine mosasaur
Prognathodon cf. sectorius (NHMM 2012 072) from the type Maastrichtian area and display the opportunities provided by
modern day integrative approaches (e.g. CT and 3D-visualizations).The specimen was recovered from the upper
Maastrichtian Lixhe 3 Member (Gulpen Formation) near Maastricht, the Netherlands. The similarities in extent, location and
degree of healing of the anomalous bony structures on the anterior side of the upper jaw strongly suggest a common origin.
The individual in all likelihood was bitten in the snout by a large, possibly conspecific mosasaur — and survived this attack.
The specimen described here is among the very few with clear and unambiguous evidence of intraspecific agonistic
interactions amongst mosasaurs. Despite significant injuries, including partial amputation of the premaxilla, this mosasaur
initially recuperated from the encounter, but succumbed to the resulting subsequent infectious processes. Radiological and
morphological features suggest chronic osteomyelitis which led to loss of bone within the left maxilla, which most likely
hampered its ability to feed, resulting in the demise of this individual. This case study further illustrates the potential of
integrative three-dimensional approaches in palaeopathological studies to provide a much more comprehensive and
detailed description of alterations and underlying physiological processes. This allows for a detailed description of the
immunological response of these animals, which in the case of NHMM 2012 072 seems much more akin the mammalian
response than to its extant squamate relatives. Highly detailed scanning and 3D-visualizations allow for large evolutionary
analyses on the exact osseous response to pathogens in an immunological context, thus providing information on the
evolution of the immune response in fossil taxa.   

Figure 1. Completeness of the skull of the globidensine mosasaur NHMM 2012 072 (nicknamed “Carlo”), with red depicting the right side
and grey the left side.
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Figure 2. A reconstruction of the (A) pathological alterations associated with chronic infection and (B) normal neuroanatomical structures in
the upper jaws and snout (i.e. maxilla and premaxilla, respectively) of NHMM 2012 072.

REFERENCES

Foth, C., Evers, S.W., Pabst, B., Mateus, O., Flisch, A., Patthey, M., Rauhut, O.W. 2015. New insights into the lifestyle of
Allosaurus (Dinosauria: Theropoda) based on another specimen with multiple pathologies. PeerJ, 3, e940, 1-33.
Lingham-Soliar, T. 1998. Unusual death of a Cretaceous giant. Lethaia 31, 308-310.
Everhart, M.J., 2008. A bitten skull of Tylosaurus kansasensis (Squamata: Mosasauridae) and a review of mosasaur-onmosasaur pathology in the fossil record. Transactions of the Kansas Academy of Science 111, 251-262.
Mulder, E.W.A. 2001. Co-ossified vertebrae of mosasaurs and cetaceans: implications for the mode of locomotion of extinct
marine reptiles. Paleobiology, 27, 724-734.
Schulp, A.S., Walenkamp, G.H.I.M., Hofman, P.A.M., Rothschild, B.M., & Jagt, J.W.M. 2004. Rib fracture in Prognathodon
saturator (Mosasauridae, Late Cretaceous). Netherlands Journal of Geosciences/ Geologie en Mijnbouw 83, 251-254.

Swiss Geoscience Meeting 2019

Platform Geosciences, Swiss Academy of Science, SCNAT

4.4
Understanding the fossil record of arthropod moulting using
experimental taphonomic approaches
Allison C. Daley1, Jonathan B. Antcliffe1 & Mickaël Lheritier2
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The arthropod fossil record has revealed that this animal phylum has been diverse and abundant for over 500 million years,
providing important insight into major events such as the Cambrian Explosion and the Great Ordovician Biodiversification
Event (Daley et al. 2018). Detailed descriptive works focused on anatomy and functional morphology provide critical
information on the phylogenetic relationships and evolution of the arthropod phylum. To achieve the best possible
interpretations of arthropod fossils, aspects of their life history strategies and preservation should also be taken into
account. In particular, growth and development of arthropods is characterised by moulting, or ecdysis, where the hardened
exoskeleton must be periodically shed. This means that a single arthropod individual produces multiple empty moulted
exuviae during their life, but only one carcass upon death. Both moults and carcasses are known in the fossil record
(Figure 1), but they can only be easily distinguished in a few select groups (e.g. trilobites), and opinion is divided on the
relative preservation potential of moults versus carcasses (Daley & Drage 2015). Such information is important to establish
because it can contribute to more accurate quantitative paleoecological studies on fossil arthropod communities, and be
combined with ontogenetic information to examine life history strategies of extinct taxa.
Further insight into the arthropod fossil record can be gained by using experimental taphonomy approaches, during which
decay of modern arthropod analogues is observed at regular intervals under varying parameters. Such experiments
provide, for example, information on how soft and hard tissues react under different conditions, their rate of decomposition,
and the order of character loss (Briggs & Kear 1994; Sansom et al. 2011). We observed the decay of the red cherry shrimp
(Neocaridina davidi) in four contrasted conditions: in fresh water versus in highly saline water, and adult shrimp versus
juveniles. Adult and juvenile shrimps were euthanized with deoxygenated water, and the condition of a list of characters
were coded while they decayed in either fresh water or hypersaline water. Decay stages can be examined using digital
photography, multispectral macroimaging, or cryo-SEM (Antcliffe & Hancy, accepted). We also recorded the oxygen level in
200mL of fresh water containing a single decaying adult shrimp, with readings taken every 24 hours using a UNISENSE
Microsensor Multimeter. Results show that juveniles decayed must faster than adults in both fresh and hypersaline
conditions, and that hypersaline conditions slowed down decay of both juvenile and adults. Soft tissues forming the visceral
mass lost coherency within the first few days, corresponding to the period of time d a drastic decrease in oxygen was
observed by the Microsensor readings. Such results provide a baseline from which to develop further studies examining the
preservation and proportions of adults and juveniles found in the crustacean fossil record, for example at localites such as
Upper Jurassic Solnhofen Lithographic Limestones (Bavaria), where hypersaline stagnant conditions contributed to
exceptional preservation of soft tissues. At this locality and others, empty moulted exuviae make up a large proportion of
the arthropod fossil record (Daley & Drage 2015), and so future experimentation will compare the decay sequence and
preservation potential of moults and carcasses. This study forms part of a wide-ranging research strategy that seeks to
understand the evolution of moulting in arthropods over their entire history.

Figure 1. Fossil and extant arthropod moults. From left to right: A trilobite empty moult (Image credit: H. Drage); Marrella
from the Burgess Shale preserved mid-moult (Image credit: D. Garcia-Bellido; and a modern horseshoe crab in the act of
moulting (Image credit: Wikimedia Commons). Modified from Daley & Drage (2015).
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A geometric morphometric study of turtle shells
Laura Dziomber1, Christian Foth1, Walter G. Joyce1
Department of Geosciences, University of Fribourg, Chemin du Musée 6, CH-1700 Fribourg, Switzerland
(laura.dziomber@unifr.ch)
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The turtle shell is unique among tetrapods and its presence defines the clade Testudinata. Turtles have proven themselves
to be successful since they first appeared in the Late Triassic as they colonized a large diversity of environments, ranging
from dry land to ponds, rivers, and the open ocean, and survived all major extinction events.
Although the turtle shell is universally composed of the dorsal carapace and the ventral plastron, variation is apparent in its
exact composition (i.e., the number of bones and scutes) and in its morphology, ranging from domed, to flat, to tectiform,
and tear-drop shaped. The turtle shell has been hypothesized to provide several adaptive advantages to its owner,
including not only physical defense against predators, but also perhaps thermoregulation, pH regulation, and mate
recognition. The shell has also been proposed to possibly have ecological significance, in that herbivorous turtles may have
more voluminous shells, terrestrial turtles more highly domed shells, or aquatic turtle more stream-lined shells, but only a
few of these purported correlations have been investigated in a global context. This is one reason why the ecology of the
most basal known turtles is still under discussion.
To explicitly test for a correlation between shell shape and ecology, we assembled a 3D dataset of 70 extant turtles and 3
fossils, in particular, the Late Triassic Proganochelys quenstedti and Proterochersis robusta and the Late Jurassic
Plesiochelys bigleri, all from Central Europe. 3D models were obtained using surface scanning and photogrammetry and
morphology was captured through the use of landmarks and semi-landmarks. The known habitat ecology of turtles was
classified using the webbing of their forelimbs as a proxy. Principle component analysis (PCA) highlights much overlap
between habitat groups, but phylogenetic discriminant analysis (pFDA) suggests significant differences. However, while
Plesiochelys bigleri tends to cluster with marine turtles, the two Triassic species do not cluster with extant forms at all. It,
therefore, may not be possible to characterize their ecology using the methods we chose.
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4.6
A new hypothesis of turtle relationships provides insights into the
evolution of marine adaptation, and turtle diversification
Serjoscha W. Evers1
Department of Geosciences, University of Fribourg, Chemin du Musée 4, CH-1700 Fribourg
(serjoscha.evers@googlemail.com)
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Evolutionary transitions to marine habitats occurred frequently among Mesozoic reptiles, but chelonioid sea turtles are the
only clade that survives to the present. Thus, chelonioids provide the chance to investigate macroevolutionary questions,
such as the mode and tempo of morphological evolution during this ecological transition informed by total evidence
approaches that integrate fossil and recent data. However, uncertainties about turtle phylogeny (e.g. Joyce 2007; Cadena &
Parham 2015), particularly the relationships of several secondarily marine groups from the Mesozoic have prohibited a
rigorous assessment of divergence times of marine clades, and of patterns of flipper evolution.
I address these issues by reconciling previously available data with novel observations based of a large database of 3D
cranial models derived from >150 CT scans of living and extinct turtles (Fig. 1). This resulted in a new phylogenetic dataset,
formulated using a consistent coding strategy that accounts for hierachical homologies of observed variation. Parsimony
and Bayesian phylogenetic analyses, incorporating explicit statistical hypothesis tests demonstate that two major clades
(outside pleurodires) evolved a secondarily marine lifestyle: chelonioids and angolachelonians (Evers & Benson 2019).
Angolachelonians comprise all non-pleurodiran marine Mesozoic–Paleogene turtles. The chelonoioid crown-group evolved
during the early Late Cretaceous, and their stem group extends into the Early Cretaceous by inclusion of protostegids. The
general flipper morphology of chelonioids was established early on their stem-lineage (Fig. 2), and further morphological
innovations appeared at the origin of extant subclades Cheloniidae and Dermochelyidae (Evers et al. 2019). Chelonioid
inner ears show increased semicircular canal thickness with increased diving ability, which mirrors observations from
sauropterygians (Neenan et al. 2017), potentially providing evidence for a pattern of marine adaptation in the inner ear
across reptiles more generally.
Americhelidians, i.e. chelonioids plus their extant sister clade, the chelydroids, are inferred to have a North American origin,
but geographic expansion of protostegids occurred rapidly during the Early Cretaceous. The inference of an earlier
diversification of americhelydians implies that crown-clades of turtles in general diversified earlier and faster than previously
thought. My findings indicate that a total of three independent origins of marine life in Jurassic–Cretaceous turtles gave rise
to speciose, long-lived clades (chelonioids, angolachelonians, bothremydid pleurodires). All three clades survived the K/Pg
boundary, indicating high survivorship compared to other marine reptiles. Angolachelonians and bothremydids become
extinct by the early Neogene, coincident with global cooling, and only chelonioids survived to the present.
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Figure 1. 3D renderings of extant turtle species representing major turtle clades, exemplifying the data used in my study. A, Chelus
fimbriatus (NHMUK 81.9.72.4), representing Cheliidae; B, Pelomedusa subrufa (SMF 70540), representing Pelomedusoides; C,
Carettochelys insculpta (NHMUK 1903.7.10.1), representing Carettochelyidae; D, Apalone spinifera emoryi (FMNH 22178), representing
Trionychidae; E, Platysternon megacephalum (SMF 69684), representing Platysternidae; F, Chrysemys picta, representing Emydidae
(NHMUK 76.1.31.19); G, Geoclemys hamiltoni, representing Geoemydidae (NHMUK 87.9.30.1); H, Gopherus polyphemus (FMNH
211815), representing Testudinidae; I, Macrochelys temminckii (FMNH 22111), representing Chelydridae; J, Sternotherus minor (FMNH
211696), representing Kinosternidae; K, Lepidochelys olivacea (SMNS 11070), representing Cheloniidae; L, Dermochelys coriacea (UMZC
R3031), representing Dermochelyidae. Note that Plemodusidae and Podocnemididae are summarized as Pelomedusoides and that
Dermatemydidae is not listed separately. Labelled internal nodes represent important clades: i, Testudines (crown-group turtles); ii,
Pleurodira; iii, Cryptodira; iv, Trionychia; v, Testudinoidea; vi, Americhelydia; vii, Chelydroidea; viii, Chelonioidea.
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Figure 2. Summary phylogeny and schematic flipper morphology for respresantatives of all chelonioid subclades. Red stars indicate burst
of morphological innovations.
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Asteroidea (also called sea stars or starfish) is a class comprised of about 2'000 extant and 600 extinct species. It is
generally accepted that all extant orders emerged during the Jurassic period, and then had about 200 million years of
independent evolutionary history. The study of Jurassic fossils is therefore essential to understanding the initial
diversification of all extant sea stars. The clade Forcipulatacea, comprised of about 400 extant species, is morphologically
well-defined. However, its fossil record is relatively sparse with all representatives being assigned to two extant families; the
Asteriidae and the Zoroasteridae, or erected as exclusively extinct families. We here reappraise four fossil forms from the
Jurassic of England that belongs to Forcipulatacea, but has not always been recognized as such: Asterias gaveyi Forbes
1850, Compsaster spiniger Wright 1880, Ophidiaster davidsoni de Loriol and Pellat 1874 and Terminaster cancriformis
Quenstedt 1876.
Extensive observation of these four fossils, including key details of the abactinal skeleton, ossicle spination and, where
present, pedicellariae, combined with detailed comparative anatomical studies of extant taxa suggest that they need reassignment. A phylogenetic analysis comprising 29 extant forcipulataceans and the 4 fossil forms was performed. More
than a hundred characters were derived from the skeleton with emphasis on the organisation of the abactinal skeleton, as
most of the synapomorphies of the extant clades (i.e., for the Asteriidae, the Stichasteridae) address the abactinal skeleton
structure.
The results of the phylogenetic analysis place A. gaveyi and T. cancriformis along the stem of crown Zoroasteridae,
supported at this position by their compact abactinal skeleton and the lack of crossed pedicellariae. These two fossils
challenge previous hypotheses regarding the homology of the unique row of marginals in zoroasterids, as two rows of
marginals can be identified in T. cancriformis. Ophidiaster davidsoni is retrieve within the Stichasteridae, and C. spiniger
within the Asteriidae. Although the latter possesses crossed pedicellariae, there is no trace of a wreath organ, which is the
most distinct synapomorphy of Asteriidae. The position of the fossils in the tree suggests an early diversification of
Forcipulatacea during the Jurassic. The reanalysis of these taxa demonstrates that the early diversity of the Forcipulatacea
was greater than previously thought and challenges existing perceptions of the evolutional history of this major clade.
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4.8
Weird coelacanths from the Triassic of Switzerland
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Coelacanths, or actinistians, form a clade of sarcopterygian fishes with two living species and about 50 extinct genera. This
group is well known for its relatively conservative morphology, with representatives showing a generalized Bauplan since
the Early Devonian (Zhu et al., 2012). Species showing a body morphology that differentiates from the generalized model
are known in the Devonian, Carboniferous and Triassic. Foreyia maxkuhni from the Middle Triassic Prosanto Formation in
Canton Graubünden, Switzerland, is one of these deviant forms recently described. This species shows a mosaic of
plesiomorphic and apomorphic characters for coelacanths, although a cladistic analysis placed it as the sister of
Ticinepomis at the base of the extant latimeriid family (Cavin et al., 2017).
The ongoing description of coelacanth material from the famous Middle Triassic Monte San Giorgio site collected in the
20th century and kept in the Palaeontological Institute and Museum, University of Zurich, provides new information about
the distribution of characters and consequently about the phylogeny of coelacanths. It likely represents a new taxon. Some
superficial features, such as the dermal ornamentation and proportionally huge head compared to the body are reminiscent
of Foreyia. Other characters, e.g. the tightly sutured bones on the cheek, the shape of the cleithrum and of the
extrascapular series are evocative of primitive coelacanths. Some characters, e.g. the peculiar shape of the dentary appear
to share characteristics with derived genera. Eventually, postcranial features are autapomorphic.
The Prosanto and Besano formations in Cantons Graubünden and Ticino, respectively, are yielding an expectedly high
diversity of coelacanths (Ferrante et al., 2017), such as Ticinepomis (Rieppel, 1980) and Heptnaema (Renesto & Stockar,
2018.), which show a conservative morphology. Others, such as Foreyia and the new taxon display a very unusual
anatomy.
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The Symmoriida comprise some morphologically peculiar chondrichthyan genera like Akmonistion, Damocles, Falcatus or
Stethacanthus. Most symmoriids were described from the Carboniferous and many are characterized by strangely modified
dorsal fin spines or spine brush-complexes and moderately small body sizes. We discovered a new small symmoriid in the
Famennian of the Maïder region. The specimen is exceptionally well preserved and allows to assess several previously
unknown aspects of its palaeobiology such as the function of the jaw articulation in this group. The functional morphology of
mandibular and branchial arches in early chondrichthyans is poorly known because of the lack of articulated and
undistorted fossil material. A three-dimensional model based on CT-scans of this new symmoriid shows the undeformed
mandibular and branchial arches such as the hyoids and ceratohyals allowing the reconstruction of mandible movement
during feeding. The way the Meckel’s cartilages rotate around their sagittal axes was previously unknown from
chondrichthyans and probably became extinct with the demise of the symmoriid clade. At the same time, the new species
corroborates that the cranial morphology (in contrast to the remarkably modified dorsal fins and spines) of Palaeozoic
symmoriiforms is quite conservative and allowed to falsify the aphetohyoidean hypothesis for these early chondrichthyans,
because in the new taxon, the hyoid is tightly attached to the lower jaw.
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Palaeoecology of benthic macroinvertebrates from three Middle Triassic
carbonate platforms
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The main recovery phase after the end-Permian mass extinction took place during the Middle Triassic and coincided with
the re-establishment of large carbonate platforms. Did the resurgence of these large carbonate platforms affect the
diversification of benthic macroinvertebrates and which evolutionary changes were involved in the colonization of this new
habitat type? To answer these questions, quantitative ecological analyses were performed on benthic communities from
three Middle Triassic carbonate platforms: (1) An early Middle Anisian Tubiphytes-microbial buildup (North Dobrogea,
Romania), (2) the late Anisian carbonate platform of the Latemar (Dolomites, Italy) and (3) the Late Ladinian – Early
Carnian Schlernplateau beds (Dolomites, Italy). The Tubiphytes-microbial buildup represents one of the oldest Triassic
carbonate reefs, which was formed on the upper slope of a distal platform in relatively deep water. The Latemar carbonate
platform represents an atoll, with a wellstratified platform interior that contains the investigated fauna. The Schlernplateau
beds represent an open lagoon in a platform interior. The investigated faunas were compared with other Middle and Early
Triassic faunas in terms of species richness and trophic composition. This comparison shows an increase in species
richness during the Middle Triassic, which coincides with the main phase of recovery after the end-Permian mass
extinction. During this recovery phase, bivalves that dominated Early Triassic benthic communities continued to diversify,
but gastropods diversified quicker and outnumbered bivalves by the end of the Middle Triassic in carbonate platform
settings. We hypothesise that the co-evolution between carbonate producers and benthic faunas, as well as the increase in
environmental heterogeneity in the context of carbonate platforms resurgence were factors that contributed to this shift in
taxonomic composition.
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Globorotalia menardii reflects AMOC: Test-Size Evolution of G. menardii
as a new Proxy for the AMOC Strength
Thore Friesenhagen1,2, Michael Knappertsbusch1
Natural History Museum Basel, Augustinergasse 2, CH-4001 Basel, Switzerland
Department Umweltwissenschaften, University of Basel, Bernoullistrasse 32, CH-4056 Basel
(thore.friesenhagen@unibas.ch)

1
2

The Atlantic Meridional Overturning Circulation (AMOC) is known to have a huge impact on the climatic system of the
northern hemisphere via northern directed heat transport from low to high latitudes. Thus, changes of its strength probably
played a major role for climatic events, like the 8.2 ka event on a relatively small timescale [e.g. Alley & Ágústdóttir, 2005] or
the Northern Hemisphere Glaciation on a long timescale [e.g. Steph et al., 2010].
Recently, the long-term (105 years) strength of the AMOC was reconstructed by others using stable isotopes like δ18O, δ13C,
and Nd/Hf ratio [Dausmann et al., 2017]. Here, we propose that the test-size of the planktonic foraminifer Globorotalia
menardii may serve as another, new proxy for the relative interglacial AMOC strength. New in our research is the
observation that our measurements of test-size changes in the tropical Atlantic throughout the last 8Ma remarkably
correlate positive with the reconstruction of AMOC strength from the literature. This correlation is probably caused by the
ecology of G. menardii as a thermocline dweller. The test size seems to change along with the development and/or the
depth of the thermocline, which in turn is affected by long-term changes in the AMOC strength [dos Santos et al., 2010].
Thus, the test-size evolution of G. menardii may be a valuable tool to reconstruct the local relative thermocline development
and/or depth evolution during interglacial times, whereas longer time-series of test-size evolution possibly allow the
reconstruction of the AMOC strength.
Currently, work is in progress about the test-size evolution of G. menardii from the western Indian Ocean IODP Site 1476A
for the past 6.5Ma. Its position within the Mozambique Channel qualifies this core to be a key site for testing the Agulhas
Leakage Hypothesis. This hypothesis proposes the dispersal of Indian Ocean biota into the Atlantic Ocean via the Agulhas
Current and may explain a “sudden” test-size increase event of G. menardii in the tropical Atlantic Ocean during the
Gelasian [Knappertsbusch, 2016]. Preliminary results will be interpreted in terms of whether or not the data set agrees with
the above idea about a thermocline-controlled size evolution.
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Environmental influence on spore-pollen morphology during the
Mesozoic
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The Permian/Triassic biotic crisis (PTB) is considered as one of the five most severe mass extinction events in geological
time. Environmental perturbations caused a significant decrease in faunal diversity. However, the plant record shows a
different pattern. Historically, an almost complete loss of vegetation was suggested; however, recent studies show that
almost all major plant linages survived the PTB. Global environmental changes have been postulated as potential causes
(e.g. changing pCO2, climate, sea-level, or SO2 emission).
Recent work on teratomorph spores and pollen grains (“the science of malformation/abnormalities”) shows a higher
occurrence of abnormal structures associated with/during the PTB and Triassic-Jurassic mass extinctions and intervals with
rapid changes in the carbon isotope curve.
The Smithian-Spathian Boundary (SSB) event was one of the most significant biotic events in the aftermath of the PTB
extinction. The SSB interval coincides with a positive carbon isotope excursion, a preceding vegetation turnover from
lycopods-to gymnosperm-dominated vegetation, with subsequently climatic turnover from rather humid to more arid
conditions.
Here we present occurrence and relative abundance data of teratomorph spores and pollen grains from the Nammal
section (Pakistan) straddling the SSB. In 25 samples, at least 300 sporomorphs were counted, recording the quantitative
distribution of normal and teratomorphic grains. Furthermore, normal and malformed spore tetrads and modifications of
sporomorphs color are described. The encountered variety of abnormalities and the wealth of combinations of these
encouraged the establishment of two identification schemes (i.e. one for lycopods and one for gymnosperms). These
schemes or guidelines shall help to quantify the morphological patterns and distinguish between morphological changes
due to poor preservation and malformation due to environmental effects. This allows testing whether teratology in spores
and pollen can work as a means of identifying and quantifying ecological disturbance in the fossil record, specifically around
the PTB.
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Soft part preservation reveals a high diversity of large bivalved
arthropods in the Fezouata Biota (Early Ordovician, Morocco)
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The Early Ordovician Fezouata Biota (late Tremadocian, ca. 478 Ma) from Morocco has yielded a diverse arthropod fauna,
including basal stem-lineage arthropods such as Radiodonta and Lobopodia, the oldest examples of horseshoe crabs, and
new informative specimens of enigmatic taxa such as marrellomorph arthropods (Van Roy et al. 2010, 2015a, b). The
Fezouata Biota also contains abundant remains of bivalved arthropod carapaces, with lengths ranging from a few
millimeters to several centimeters. Besides isolated hemispherical valves with cardinal spines typical of Isoxyida, absence
of soft parts has so far precluded other carapaces being assigned to any specific arthropod group, as bivalved carapaces
evolved in a wide range of groups homoplastically, and are seen in bradoriid, ostracod, diplostracan, phyllocarid and
thylococephalan crustaceans, as well as in a series of large Cambrian ‘bivalved arthropod taxa’ such as Branchiocaris,
Canadaspis and Odaraia.
Here, we describe new bivalved arthropod specimens with soft parts from the Fezouata Biota. The new anatomical details
highlighted using optical photography and contrast-enhanced UV-near-infrared macro-imaging show anteriorly directed
appendages associated with an elongated, narrowing backwards bivalved carapace, reminiscent of thylacocephalan
crustaceans. Isolated carapaces further display a well-defined anterior notch similar to the anterior optic notch present in
most thylacocephalans. Another specimen, dorsoventrally flattened with suboval valves in ‘butterfly position’, displays a
peculiar radiating pattern on the valves, as well as part of the trunk including seven segments, the last one being longer
than the others. A third specimen preserves two segments and a tapering telson with unsegmented articulated furca, which
strongly suggests phyllocarid affinities for these last two forms. The precise affinities of these few fossils remain to be
determined, but they clearly indicate a high diversity of bivalved arthropod taxa in early Ordovician marine communities
along the West Gondwanan margin, and we can expect that new fossil finds and/or the use of new imaging techniques may
reveal an even higher diversity of these organisms.
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Famennian thylacocephalans from Morocco and their role in Late
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Thylacocephalans are pelagic arthropods with an erratic fossil record stretching from the Silurian, possibly Cambrian, to the
Cretaceous. In many of the few localities where they occur, they are quite abundant. This holds true for the Famennian
Thylacocephalan Layer in the Maider Basin (eastern Anti-Atlas) (Frey et al. 2018). This small epicontinental basin hosts
some strata with taphonomic properties of a Konservat-Lagerstätte yielding exceptionally preserved gnathostomes and
invertebrates. In a thin argillaceous interval in the earliest middle Famennian, thylacocephalans occur in such great
numbers that they became eponyms of this unit. Therein, we discovered the two new thylacocephalan taxa Concavicaris
submarinus sp. nov. and Madenecaris iugumata sp. nov., which represent the first records of this group from Africa. In the
CT-imagery, the holotype of Concavicaris submarinus sp. nov. revealed anatomical details including its eyes, pleiopods,
some muscles and other structures. Sedimentary facies and faunal composition of the Thylacocephalan Layer suggest that
these animals populated the water column above the low-oxygen bottom waters. The Thylacocephalan Layer is also rich in
articulated remains of chondrichthyans and placoderms. Accordingly, these putative crustaceans likely represented an
important component of their diet (Williams 1990). The abundance of thylacocephalans in other Konservat-Lagerstätten
such as the Cleveland Shale (USA; Williams 1990), the Gogo Formation (Australia; Briggs et al. 2011) and the Famennian
of the Holy Cross Mountains (Poland; Broda et al. 2015) underline their pivotal role in Late Devonian pelagic foodwebs.
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Marrellomorphs are marine arthropods known from several Cambrian to Devonian localities. The majority of recent
phylogenies resolved this group as stem-Mandibulata (Legg 2013, Wolfe 2017) or at least as stem-Crustacea (OrtegaHernández et al. 2013, Stein et al. 2013, Du et al. 2018, Chen et al. 2019), although its phylogenetic position is subject of
continuous discussions (see Aria and Caron 2017 for an example of different topology). The post-embryonic development
of Marrellomorpha is insufficiently known, as specimens of early stages are rare. Consequently, we know almost nothing
about life-history strategies in its members. In this contribution, we describe numerous early post-embryonic stages of a
marrellomorph arthropod from the Fezouata Formation (Lower Ordovician) of Morocco. These are small (ranging from two
to four mm in sagittal length) and morphologically similar to adults. The only differences observed in the juveniles when
compare with adults are: (i) a lower number of trunk segments; (ii) slender and straight spines on the cephalic shield; (iii)
proportionally shorter secondary spines on the cephalic shield; and (iv) proportionally shorter podomeres in trunk endopods.
The morphology of both first and second antennae, and of the trunk exopods are identical to those of adults specimens.
From such observations, several conclusions can be drawn. Firstly, the cephalic spines, their secondary spines and trunk
endopods show allometric growth, but the shape change during development is generally minor. Secondly, the lower
number of trunk segments confirm anamorphic type of development (i.e. adding segments during moulting), although it is
difficult to determine whether the segment addition was halted at some point (= hemianamorphosis) or not (=
euanamorphosis). Finally, the striking similarity between the early developmental stages and the adults implies direct
development in this taxon, at least for the developmental sequence starting at about two mm in length onwards. This
suggests that no niche differentiation took place during development of this taxon, as is supported also by the cooccurrence of early stages and adults at some localities. Considering the phylogenetic position of Marrellomorpha, it is
likely that direct anamorphic development is ancestral either for total group Mandibulata or total group Crustacea, revealing
the developmental origins of the most diverse arthropod group in existence today.
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4.16
A new stem Euchelicerate from the early Ordovician Fezouata Biota
Lorenzo Lustri1, Pierre Gueriau & Allison C. Daley1
Institut des sciences de la Terre, Université de Lausanne, Geopolis, CH-1015 Lausanne
(lorenzo.lustri@unil.ch)

1

The Fezouata Formation in southeastern Morocco is an Early Ordovician Lagerstätte that preserves a wide variety of nonbiomineralized taxa and anatomical features (Van Roy et al. 2011, Van Roy et al. 2015, Lefebvre et al 2016). 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 includes radiodonts and other stem lineage taxa as well as crustaceans
and 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” because of 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 (Lamsdell, 2013, 2016; Selden et al 2015). An in-depth study of
the Fezouata shale material is required to clarify the evolution and phylogeny of early xiphosurids and synziphosurines, and
the relationship between them and other euchelicerates.
Here we described a new synziphosurine taxon from the Fezouata shale, known from more than 300 specimens.
Specimens were examined using microscopy then photographed, and a limited number of specimens were selected for 3D
surface rendering and synchrotron radiation X-ray tomographic microscopy.
This taxon is characterized by the presence of a semi-circular prosoma with an apical carapace spine, an ophthalmic ridge,
and a pair of antero-ventrally oriented genal spines. Appendages are biramous. There are eleven opisthosomal targites,
with no sign of fusion, and the first of them is not reduced to a ring like articulation but instead is fully developed. The
second to the sixth targites possess a highly developed axis with two nodes connecting the axis to the pleura, which are
present from the first to the seventh segments. On the ventral side opercula are present. The last four targites do not bear
pleura and are fused with sternites that are fused to form a circular shaped segment. The pre-telson segment bear two pair
of spines at each side of the base of the telson, which shows a bifurcation on the distal part.
Only three taxa of Synziphosura have been found with preserved appendages: Offacolus kingi (Sutton et al 2002) and
Dibasterium durgae (Briggs et al 2012) from the Silurian Lagerstätte of Herefordshire and Weinbergina opitzi (Stürmer &
Bergström 1981) from the Devonian Lagerstätte of Hunsrück Slate. All of them are at least 50 Ma younger than our taxon.
The new Fezouata Biota species possesses some characters in common with these taxa, such as biramous prosomal
appendages similar in morphology to those of the Herefordshire species, but also characters of the Prosomapoda
euchelicerates, such as the ophthalmic ridge (Lamsdell 2013).
We undertook a phylogenetic analysis to clarify the phylogenetic position of the group. Two different datasets (Legg, 2013;
Selden et al. 2015) have been used and compared to using both Parsimony and Bayesian methods to increase the
reliability of our result. Our taxon resolves as a stem-euchelicerate with Prosomapoda affinities, and fills a gap in the
transitional series that represents early euchelicerate evolution. Linking our new findings on euchelicerate diversity during
the Great Ordovician Biodiversification Event to the earliest origin of the phylum, as recorded in the Cambrian Burgess
Shale-type biotas, provides a more complete picture of euarthropod evolution during these major events.
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4.17
The Evolution of the Camelidae
Sinéad Lynch, Ana Balcarcel & Marcelo Sánchez-Villagra
Paläontologisches Institut und Museum, Karl-Schmid-Strasse 4, 8006 Zürich, Switzerland

The Camelidae appeared during the middle Eocene epoch in North America and became a highly diversified group until its
drastic decline in the late Pleistocene. (Honey et al., 1998) Today only members of two tribes, Lamini (Lama, Vicugna) and
Camelini (Camelus), are extant. Both of these tribes originated in the Miocene and migrated to the Old World and South
America approximately 3 Mya ago. (Webb, 1974)
Even though the fossil record of camelids is fairly extensive, their phylogeny remains uncertain. For example, while the
genus Camelops was placed within the Lamini in the latest morphology-based phylogeny, (Scherer, 2013) genomic data
indicate a closer relationship with the Camelini. (Heintzman et al., 2015) Similarly, the position of Aepycamelus among
other Camelidae remains ambiguous.
We described a near-complete Lamini fossil specimen from the early/middle Pleistocene of Argentina is currently housed at
the Institute of Paleontology of Zürich. It is aged to approximately 1 Mya and preserves a suite of cranial morphologies
rarely captured in a single specimen.
Our aims are to clarify and update the phylogeny of the Camelidae, concentrating on craniomandibular and dental
characters, as we investigate the position of this new Argentinian specimen. In order to do so, we added a wider range of
species to the analysis, reviewed and added characters to reflect more accurately the morphological disparity within the
Camelidae.
We will be presenting the results of this analysis, as well as a preliminary description of this Argentinian specimen’s
endocast.
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Did dormice ever glide? Reinvestigation of Glirulus aff. lissiensis from
the late Miocene of Saint-Bauzile (Ardéche, France)
Olivier Maridet1,2, Pierre Gueriau3, Xiaoyu Lu1,2 & Loïc Costeur4
Jurassica Museum, Rte de Fontenais 21, CH-2900 Porrentruy (olivier.maridet@jurassica.ch)
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4
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2

Among extant mammals, except bats that have achieved an evolution toward active flight, the vast majority of species
remain terrestrial or aquatic. The only exceptions are a few gliding species of Diprotodontia (Metatheria), Dermoptera
(Eutheria) and Rodentia, the so-called “flying squirrels” (Eutheria). Today, only two families of rodents include gliding
species: Anomaluridae and Sciuridae. Both families possess convergent adaptations: an elongation of anterior limbs and
phalanges, a fold of skin connecting the forelimbs and hind limbs called patagium, and additional cartilaginous bones
allowing to stretch the patagium during the glide.
In the fossil record, two other families are known to have evolved similar adaptations: Eomyidae (extinct) and Gliridae
(which includes extant dormice) (Jackson & Thorington 2012). The latter is known thanks to a single beautifully preserved
specimen of Glirulus aff. Lissiensis (Figure 1) from Saint-Bauzile (late Miocene, France; Métais & Sen 2018), exhibiting soft
tissue remains interpreted as a possible patagium. This discovery is especially surprising because none of the extant
species of dormice can glide. The first study of this fossil specimen was published by Mein & Romaggi (1991). At the time,
the authors only compared the anatomy of G. aff. Lissiensis with that of Glirulus japonicus, considered to be its closest
extant relative, yet no osteologic adaption to gliding was observed on the fossil specimen. We reconstructed G. aff.
Lissiensis in 3D using X-ray tomography (CT-scan), allowing for the visualization of its whole anatomy (one side of the
bones being otherwise concealed in the sediment), and more details about the preservation of the specimen. Additionally,
further anatomic comparisons are now possible with other extant glirids (including now also a CT-scan of G. japonicus for
more detailed comparisons) and other gliding mammals. The skeleton of G. aff. Lissiensis shows morphological features
generally observed in terrestrial or aquatic rodents, but never in gliding mammals. A statistic comparison of the skeleton
proportions with other mammal species also questiones the gliding adaptation. The gliding interpretation of this specimen is
consequently only based on the presence of a possible patagium. If it is indeed a patagium, it would imply that Gliridae
adapted to gliding without any convergent evolution with other gliding rodent, and gliding mammals in general.
Concerning G. aff. Lissiensis preservation, first observations indicate a significant deformation of the specimen during
fossilization processes. Soft tissues preservation appear more complex than previously described and extends beyond the
theoretical position of a patagium, thus questioning this interpretation. Further chemical characterisation of theses soft
tissues using infrared spectroscopy and synchrotron-based X-ray fluorescence major-to-trace elemental mapping (e.g.
Manning et al. 2019) must be done to ensure the anatomic interpretation of the preserved organic matter.
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Figure 1. Glirulus aff. lissiensis from the late Miocene of Saint-Bauzile (Ardéche, France). Top: optical photograph; bottom: 3D rendering
based on X-ray tomography.
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4.19
Triassic Sauropodomorph tracks with Gondwanan affinities from the
Central Austroalpine Nappes of Switzerland
Christian A. Meyer1, Hendrik Klein2, Michael C. Wizevich3 & Rico Stecher4
Departement Umweltwissenschaften, University of Basel, Bernoullistrasse 32, CH-4056 Basel, Switzerland
(chris.meyer@unibas.ch)
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3
Departement ofGeological Sciences , Central Connecticut State University, 1615 Stanley Street, New Britain, CT 06050, USA
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We report on a new dinosaur tracksite in the Hauptdolomit Formation of the S-charl unit at Piz S-Chalambert Dadaint (Val
d’Uina, Scuol). The site was discovered in 2018 by a local hunter on the western ridge at 2840 m a.m.s.l. and could only
be accessed by us using ropes and helicopters.
The footprints occur in the uppermost part of the Hauptdolomit Formation which consist of a series of buff to grey dolomites
with stromatolites. The surface is slightly inclined (270 ) and covers ~50 m2. Three trackways are present, the longest can be
followed for almost 12 m. The main trackway (TR1) contains 14 consecutive left and right pes impressions. Only the right
pedes (FL: 36.5 cm; FW: 32.5 cm) are well preserved. They display four distinct digit impressions, although in some, only
three digits are visible. The left pedes of the trackway show elongated, kidney-shaped impressions that result from digit IV
and the heel only (Fig. 1). The average pace is 87.5 cm and stride is 154.4 cm respectively. A second trackway (TR 2)
displays only these partial impressions, and the third trackway (TR 3) has three steps, only one being reasonably well
preserved. The left pes imprint of TR 3 is elongated (FL: 50 cm; FW: 40 cm), oval shaped, with three well-marked, inwardly
curved digits (Fig. 2).
TR 1 and TR 2 are similar in size and overall footprint morphology to those reported from the Ela Nappe and the
Quattervals Nappe (Meyer et al. 2013; Furrer 1993; Furrer & Lozza 2008; Fig. 1A). They share some similarities with the
Gondwanan ichnotaxon Pseudotetrasauropus from the Lower Elliot Formation of Lesotho and South Africa (d’Orazi
Porchetti & Nicosia 2007) and with footprints described as Otozoum grandcombensis from the Norian of Grand Combe in
Southern France (Gand et al. 2000), which were attributed to prosauropods. TR 3 (Fig. 2) is a hitherto unreported and
different morphotype that shows some resemblance with Tetrasauropus from the Lower Elliot Formation of southern Africa,
the more plantigrade pes imprint with digits strongly pointing inward, but lacks manus imprints.
The reported sites and ichnofauna from the Central Austroalpine Nappes (see Meyer et al. 2007, 2013) support the
evidence of a wide spread, highly diverse ichnofauna including small and larger theropods (?Grallator isp., Eubrontes isp.),
and sauropodomorphs with possible prosauropods (?Pseudotetrasauropus isp., ?Tetrasauropus isp.), and early sauropods.
Remarkable is the lack of chirotheriid footprints that are common in Upper Triassic siliciclastic facies of the Germanic Basin
and in North America.

Figure 1. Left: TR 1, R 5 (tracing) Right: TR 1, R 5 and L 5 (photogrammetric model)
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Figure 2. Left: TR 3, L 1 (tracing) Right: TR 3, L 1 (photogrammetric model)
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Morphology and evolution of basal Cheirurina (Trilobita) from the
Fezouata Biota (Lower Ordovician, Morocco)
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Pilekiinae is a group of phacopid trilobites of the suborder Cheirurina, a widespread group that was a major component of
Ordovician to Devonian marine ecosystems. The fossil record of pilekiids starts in the Upper Cambrian and finishes in the
Darriwilian (Middle Ordovician) (Adrian, 2013). Most pilekiid taxa are from Tremadocian, being the most common
cheirurines at this period. Pilekiids are generally considered to be the basal-most members of the Cheirurina, and therefore
they are crucial for understanding the early evolution and morphological diversification of the group.
In the Fezouata Shale (Lower Ordovician, SE Morocco), numerous species of pilekiids have been described (Corbacho &
Vela, 2011). Owing to taphonomical and morphological variability, it is possible that the group has been split into too many
species. In this contribution, numerous specimens have been studied in order to clarify the taxonomy and to re-describe the
morphology of cheirurids from the Lower Ordovician of Morocco. Morphological and biostratigraphical data suggest that
most of the described species are co-specific and belong to genus Anacheirurus. Comparison with other basal cheirurids
from Bohemia, North America, United Kingdom and Norway suggest that the Moroccan taxa show numerous ancestral
characters, such as the morphology of the pleural furrows and the glabella.
In addition, a few specimens preserve the post-antennal appendages. This exceptional preservation allows us to describe
the limbs of Anacheirurus and compare them with those other trilobites. Similar to other trilobites, Anacheirurus had three
pairs of cephalic biramous appendages and then one pair associated each thoracic tergite. No pygidial appendages are
preserved in our material. The post-antennal biramous appendages are composed of a protopodite (coxa), an exopodite (or
gill branch) and an endopodite (walking leg). The protopodite seems to be attached below the axial ring in a lateral position
relative to the sagittal axis. There is no evidence for spines on the protopodite or along the inner edge of the gnathobase.
Each endopodite has seven podomeres. The appendages on the posterior part of the thorax show prominent spines on the
second, third and fourth podomere. The last podomere is reduced into a small tripartite segment with three little claws. The
exopodite consists of a flap, divided in two different parts by an articulation structure. The proximal lobe of the exopodite is
bigger, and its external rim bears long, robust bristles. The bristles are arranged into a fan-like shape, are directed
backwards, and overlap the posterior exopodite flap. The distal lobe is smaller and also bears long bristles, but shorter than
those of the proximal one.
The limb morphology of Anacheirurus show a combination of characters that is typical for both Cambrian and Ordovician
trilobites (Whittington & Almond, 1987; Zeng et al., 2017; Holmes et al., 2019). For example, the elongated rectangular
shape of the protopodite is most similar to the Ordovician trilobites Triarthruss eatoni or Ceraurus pleurexanthemus. The
endopodite’s proximal spinosity resembles Thriarthus eatoni. The distal podomere with three claws is a pattern observed in
various trilobites, like Thriarthrus eatoni, Olenoides serratus, Chotecops fernandi, Cryptolithus tesselatus, Hongshiyanaspis
yiliangensis, Eoredlichia intermedia or Redlichia rex. Finally, the exopodites are similar to Cambrian forms such as
Olenoides serratus, Hongshiyanaspis yiliangensis, Eoredlichia intermedia or Redlichia rex, with some variations in the
number of lobes and the length of the distal bristles. In trilobites, the morphology of the exopodite seems to be more
variable than the morphology of the endopodite, which is rather conserved across different taxa. These differences in
exopodite morphology between trilobites have been interpreted as being driven by adaptations to particular environments or
varying modes of life, rather than reflecting any phylogenetic signal (Zeng et al., 2017). From this point of view, the
appendage morphology of Anancheirurus is important because this species comes from stratigraphic levels that are
associated with the Great Ordovician Biodiversification Event and reveals the faunal transition from Cambrian to postCambrian ecosystems. Indeed, the unusual combination of ancestral and derived characters in the Anacheirurus
appendages may be attributed to more specific adaptations of trilobites in the post-Cambrian world.
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Ontogenetic patterns of cranial modularity along the theropod-bird
transition
Olivia Plateau1, Christian Foth1
Department of Geosciences, University of Fribourg, Chemin du Musée 6, CH-1700 Fribourg (olivia.plateau@unifr.ch)
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Extant birds represent a living branch of theropod dinosaurs. Due to their highly derived morphology, the transitional
processes from terrestrial non-avian theropods to volant birds are still subject of many scientific debates. The skull of extant
adult birds for instance is strongly integrated, showing a high degree of bone fusion in combination with cranial kinesis.
Thus, bird skulls are extremely derived when compared to their theropod ancestors. Several studies investigating these
differences, using geometric morphometrics (Bhullar et al. 2012, Felice & Goswami 2017) or anatomical networking
(Werneburg et al. 2019), imply that the skull evolution of birds was primarily driven by paedomorphic heterochrony.
While geometric morphometrics allows quantifying variation of shape itself, anatomical networking focusses strictly on bone
contacts, but is actually more sensitive to processes related to bone fusion. As the latter process is characteristic for the
postnatal skull ontogeny of extant birds, the goal of this studies is to investigated changes in the cranial network of 41
extant birds during postnatal ontogeny, and compared them with those of non-avian theropods.
Our results demonstrate that the skulls of early juvenile birds are much more complex in terms of bone numbers, bone
contacts and modularity than those of their adult counterparts. However, strong correlations between the increase of skull
size and decrease of complexity, indicate that this reduction is a continuous process, showing any signs of rapid
ontogenetic shifts. Due to their high complexity, the skull network of early juvenile birds resembles that of non-avian
theropods, including Archaeopteryx and Ichthyornis, indicating that the highly integrated skull morphology of adult birds
evolved in last common ancestor of the crown group of extant birds.
While previous shape analyses suggest that paedomorphic heterochrony affected the skull shape of extant birds, our study
indicates that the derived ossification and modularity patterns seen in modern bird skulls result from a peramorphic
heterochrony. Thus, the simultaneous occurrence of oppositional heterochronic processes (paedomorphosis vs.
peramorphosis), indicates that the skull evolution of birds was much more complex than previously thought.

Figure 1. Reconstruction of the skull modularity in lateral view and results of the networking analyses in a non-avian theropod (Velociraptor)
and a extant bird (Gallus gallus) in different ontogenetic stages. Different colours represent the different skull modules. Grey: snoot part,
orange lateral or jugular bones, green: root part, red and blue: mandibular bones.
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Filling the gap: a forgotten fauna of Cambrian nautiloid cephalopods
from Australia and its implications
Alexander Pohle1 & Peter A. Jell2
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2
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Cephalopods constitute an important part of modern marine ecosystems. Due to their enormous diversity and good
preservation potential, Palaeozoic and Mesozoic externally shelled groups (ammonoids and nautiloids) are of great
importance to both stratigraphers and evolutionary biologists. Their origins can be traced back to the late Cambrian
(Jiangshanian, Furongian), where diverse faunas have been described mainly from North China (Chen & Teichert 1983).
Reports from other parts of the world are rather scarce, but there is evidence of Cambrian cephalopods from North America
and possibly also Kazakhstan and Siberia. Thus, late Cambrian cephalopods appear to have been restricted to tropical
regions (Fang et al. 2019). Furthermore, after an initial diversification boost in the Acaroceras-Sinoeremoceras zone
(middle Stage 10), cephalopods seem to have gone almost extinct in the latest Cambrian Mictosaukia zone (latest Stage
10) with only few unidentifyable specimens known worldwide. This decline has been described as the “late Trempealeauan
Eclipse” (Chen & Teichert 1983; Fang et al. 2019).
Here, we present a fauna of late Cambrian nautiloids from Australia that was collected in the 1980ies by Dr. Mary J. Wade,
former curator of the Queensland Museum. She started but never managed to finish several manuscripts on this fauna.
Remarkably, despite extensive correspondance between her and several contemporary nautiloid experts such as C.
Teichert, R.H. Flower and Chen J.Y. and even a short mention of the material in one of her articles (Wade 1988), the
knowledge about the existence of this material has apparently disappeared from today’s literature on fossil nautiloids.
The material originates from Black Mountain, western Queensland and probably represents the latest Cambrian.
Protactinocerids and ellesmerocerids are abundant in three distinct horizons of the lower Ninmaroo Formation (Druce et al.
1982). The lowest horizon contains Protactinoceras and Acaroceras or Ectenolites and falls within the Miktosaukia zone.
Thus, it is slightly younger than the Chinese material. The youngest of the nautiloid horizons contains mainly very small
specimens and is possibly already earliest Ordovician in age. Conodonts from these horizons are currently being
investigated and might refine their stratigraphic position.
The nautiloids from Black Mountain are remarkable in several regards. 1) Taxonomy: The majority of the previously
described Cambrian cephalopods from China are only available as longitudinal sections. The specimens from Black
Mountain are preserved as silicified internal moulds, thus they provide new insights on the three-dimensional morphology of
Cambrian cephalopods. Most importantly, the new material made it clear that members of the order Protactinocerida
possess a siphuncle with a strong bilateral symmetry instead of the radial symmetry found in siphuncles of other
cephalopods. This is likely also the reason why Chen & Teichert (1983) established a number of separate genera that
probably can be synonymized, since the supposed “genera” can be reproduced in the same specimen by cutting the shell
obliquely or otherwise off the dorso-ventral symmetry axis. 2) Palaeogeography: Until now, Cambrian cephalopods were
mostly known from China. The Australian specimens increases the knowledge on nautiloid cephalopods significantly, as this
material is available in at least similar numbers. 3) Cephalopod evolution: The Queensland nautiloids represent the first
evidence of identifiable cephalopods from this time interval. Thus, the “late Trempealeauan Eclipse” might not be as severe
as previously thought and there is evidence that cephalopods continued to flourish through the Cambrian–Ordovician
boundary. The absence of cephalopods from other latest Cambrian deposits could be explained by taphonomy.
Alternatively, Australia might has served as a refugium for nautiloid cephalopods.
In summary, the rediscovery of the specimens from Queensland, Australia allows us to fill several gaps in the knowledge of
Cambrian nautiloids.
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(Caimaninae, Alligatoridae) from the Miocene of Venezuela
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Crown-group Crocodylia, the alligators and caimans, crocodiles, gharials, and their closest extinct relatives, are amphibious
and carnivorous large reptiles found in various aquatic environments in the Tropics and Subtropics. With a low flattened
body profile and long powerful tails, they are well suited for swimming, but all also venture on land for frequent basking and
for nesting and oviposition, while employing various types of locomotor patterns on land, including bounding and galloping
gaits in some taxa. Independent of size, taxonomy, and locomotory capabilities, however, the precaudal vertebral count in
all crown-group crocodylians is remarkably conservative, consisting of 9 cervicals, 15 dorsals and 2 sacrals (e.g. Hoffstetter
and Casc 1969). It is only among non-Crocodylia crocodylomorphs such as the terrestrial Notosuchus from the Late
Cretaceous and marine teleosauroids from the Jurassic, that deviation from this pattern is evident. These animals also
show higher disparity in their girdle morphology compared to crown crocodylians, presumably due to their different
lifestyles. He we report on the first member of crown-Crocodylia, the giant caimanine Purussaurus mirandai, that has three
(instead of two) sacrals, two true or primordial sacral vertebrae and one dorsosacral, which articulate with the ilium.
Purussaurus is so far the only giant crocodylian (with body lengths exceeding 10 m) from the Miocene of northern South
America for which most of the postcranium is adequately known and described, including robust fore- and hind limbs.
Following description of non-pathological dorsosacrals in Triassic Archosauriformes and recent discussion of hox gene
expression in relation to axial compartmentalisation in the literature, we propose that an earlier timing of gene expression of
Hox11 and partial suppression of Hox10 could be coupled with the formation of an additional dorsosacral in P. mirandai.
The deviant vertebral count in this extinct species is also supported by the ilium morphology, which shows three distinct
attachment areas for sacral ribs in several specimens, thus ruling out a pathological condition of a single individual. In
addition, the proximal bone surface of the pubis differs from that of other crown crocodylians in that the lateral part of the
surface is angled and thus impossible to articulate with the ischium when the medial part is in articulation. In the pectoral
region, P. mirandai has narrow scapular blades oriented dorsally and posteriorly, ventromedially and slightly posteriorly
oriented coracoids, as well as a narrow scapulocoracoid contact (lacking an anterior expansion) between both girdle
elements- a condition that again differs strongly from extant crocodylians. A very wide and robust deltoid crest of the
scapula indicates a well-developed origination site of the deltoideus clavicularis muscle in P. mirandai, which likely
strengthened the anchoring of the humerus to the shoulder girdle and facilitated lifting of the heavy forelimbs during limb
protraction. We speculate that the girdle morphology, the ‘three sacral’ condition, together with the robustness of the limb
bones encountered in P. mirandai, are related to the giant size and body mass that these animals attained. In particular, a
stiffened sacral region could help reduce transmission of motions from the tail to the anterior body during tail-driven
locomotion such as swimming.
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Synchrotron microtomography and bone histology of Tanystropheus
reveal its cranial morphology and the identification of a separate, smallsized species
Stephan N. F. Spiekman1, James M. Neenan2, Nicholas C. Fraser3, Olivier Rieppel4, Vincent Fernandez5, Torsten M.
Scheyer1
Universität Zürich, Paläontologisches Institut und Museum, Karl-Schmid-Strasse 4, 8006 Zürich, Switzerland
Oxford University Museum of Natural History, Parks Road, Oxford OX1 3PW, UK
3
National Museums Scotland, Chambers St, Edinburgh EH1 1JF, UK
4
Field Museum of Natural History, 1400 S Lake Shore Dr, Chicago, IL 60605, USA
5
European Synchrotron Radiation Facility, 71 Avenue des Martyrs, 38000 Grenoble, France
1

2

Tanystropheus is one of the most iconic taxa originating from the UNESCO World Heritage site of Monte San Giorgio in
Switzerland and Italy and one of the most enigmatic Triassic reptiles due to its unique body plan. It is characterized by a
hyper elongate and stiff neck that was longer than the body and tail combined and consisted of only 13 extremely
elongated vertebrae and accompanying ribs. The function of this neck and the lifestyle of Tanystropheus remain unclear,
with both largely terrestrial and fully aquatic lifestyles having been proposed (e.g. Renesto, 2005; and Nosotti, 2007).
Two skull morphotypes of Tanystropheus are known, a small-sized morphotype with largely tricuspid dentition and a largesized morphotype bearing fang-like teeth, previously considered to represent juveniles and adults of the same species,
respectively. Although the cranial morphology of the small morphotype is well-documented, the skull of the large
morphotype has remained enigmatic due to compression or incompleteness of available specimens.
We synchrotron µCT-scanned a virtually complete skull of the large morphotype, which allows for a detailed cranial
reconstruction (Fig. 1). Our findings show that the disparity in cranial morphology between the two morphotypes exceeds
the amount of variation that could be attributed to ontogeny and that the morphotypes thus represent different species. This
conclusion is corroborated by long bone histological sections including a femur of a specimen of the small morphotype. The
cross section of this femur clearly exhibits over 10 lines of arrested growth (LAGs), as well as an external fundamental
system (EFS), indicating its skeletal maturity (Fig. 2). The small morphotype therefore represents a separate, smaller
species that co-occurred with the larger morphotype. The strongly reduced overall size and tricuspid dentition of the former
indicate that it preyed on small sized invertebrates such as crustaceans, and as such occupied a different niche than the
latter. The highly specialized neck of Tanystropheus was thus able to facilitate more lifestyles than was previously
appreciated.
A detailed study of the synchrotron µCT-scan, as well as re-analysis of other specimens, further provides many new
insights into the cranial morphology of the large morphotype in both functionally and phylogenetically important aspects.
The dentition is profoundly specialized towards catching fast swimming prey such as fish and squid, with large fang-like
marginal teeth anteriorly, as well as a row of fang-like vomerine teeth. The postorbital region differs strongly from previous
interpretations and includes a dorsoventrally tall squamosal. Detailed observation of the squamosal-quadrate articulation
indicates the skull of Tanystropheus was streptostylic, which has implications for jaw mobility and prey acquisition. Finally,
the atlas-axis complex and the braincase, including the endocast and inner ear, are presented, and a complete skull
reconstruction is provided. The large morphotype of Tanystropheus shows many derived cranial features in comparison to
other tanystropheids and “protorosaurs”, particularly in the braincase, postorbital region, and snout, indicating
Tanystropheidae were a morphologically diverse group. Furthermore, the dentition and shape of the skull indicates
Tanystropheus hunted in an aquatic environment, providing further evidence for an at least semi-aquatic lifestyle for the
large morphotype of Tanystropheus.
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Figure 1. Reconstructed skull of the large morphotype of Tanystropheus PIMUZ T 2790 in angled view based on the synchrotron µCTscan.

Figure 2. Histological section of the cortex of the femur of the small morphotype specimen PIMUZ T 1277 indicating several LAGs
(indicated by white arrows) and the EFS containing at least eight LAGs (indicated by white line).
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Cladoselache is the best studied genus of Devonian chondrichthyans, sometimes displaying exceptional preservation both
in the Cleveland Shale of Ohio and in the Famennian shales of Morocco. From the desert of the Moroccan Anti-Atlas
(southern part of Maïder Basin), we present new materials of a similar chondrichthyan. They are representatives of a new
taxon of Devonian symmoriid chondrichthyans, which were found in the early middle Famennian Thylacocephalan Layer.
They co-occur with other chondrichthyans such as Phoebodus and cladodonts as well as placoderms and rare
osteichthyans (Frey et al. 2018). The most abundant macrofossils, however, are carapaces of the eponymic
thylacocephalans. The red coloration of the sediment derives from altered pyrite (Frey et al. in press) and is interpreted as
reflecting poorly oxygenated conditions of the bottom waters in the Maïder Basin. The chondrichthyans considered here
measure between 1 and 2 m in length and are exceptionally preserved including cartilage, muscles, liver remains, skin
denticles and stomach contents (Frey et al. in press). The caudal part is more rarely preserved and all specimens are
dorsoventrally or laterally compacted. The body proportions resemble those of other symmoriids, such as Cobelodus and
Symmorium; the dentition is cladodont and the overall morphology of the body is close to that of Cladoselache. Amongst
other particular characters, the presence of a single, posterior dorsal fin, absence of an extension of the anterior dorsal fin,
the Y-shaped pelvic plate, and the large size of the scapulocoracoid, makes these specimens worthy off their own
taxonomic group.

Figure 1. Skeleton of a chondrichthyan resembling Cladoselache from the middle Famennian (Late Devonian) of the southern Maïder
Basin (Morocco), which was embedded with the venter upward. The skull is seen in ventral view, with the left and right Meckel’s cartilage
visible, the branchial arches posterior to the skull, the anterior dorsal fin spine, and the shoulder girdle. Parts of the palatoquadrates extend
laterally below the lower jaws. The posterior part of the skeleton is not preserved.
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Enrolment in trilobites is considered as a protective response of the animal to rapid and unfavourable environmental
changes (such as salinity, oxygenation, and sediment influx) and/or biotic factors (such as predation) (Babcock & Speyer
1987). Enrolled trilobite exoskeletons may also reflect moulting strategies (see overview in Drage & Daley 2016). A case
study to distinguish between individuals that enrolled for protection and fossils that represent flexed moults was performed
on a dataset comprising c. 200 specimens of the ellipsocephalid trilobite Strenuella polonica Czarnocki, 1926 from the
Cambrian of the Holy Cross Mountains, Poland.
Strenuella polonica is one of the most characteristic fossils of the Cambrian Series 2 Holmia-Schmidtiellus assemblage
zone, being also the first identified early Cambrian trilobite from the area, already recognised in 1915. Its taxonomic status
has since been subject to prolonged debate and only recently clarified (Żylińska 2013). Strenuella polonica was a mediumsized (length of about 30 mm and posterior cephalic width of about 20 mm), micropygous and relatively spinose trilobite.
The cephalon is characterised by a strongly convex glabella with three distinct lateral glabellar furrows, a posteriorly
directed occipital spine, and librigenae with large backward directed spines. The thorax is composed of 13 segments, of
which the 4th is the widest, with pleurae terminated by short, backward directed spines. Each axial ring has a small hooklike spine that is located posteriorly and curved backwards. The longest hook-like spines occur on segments 4th to 8th. The
small pygidium has short spines located on the pygidial margin.
Strenuella polonica was capable of spiral enrolment, as demonstrated by around 50 enrolled individuals displaying various
strategies – completely enrolled, semi-enrolled, or with a thorax, pygidium or cranidium flex (Fig. 1). Two modes of
enrolment were observed: 1) bending of the thorax at the level of the 4th, 5th or 6th segment, resulting in semi-enrolled
individuals with the cephalon not entirely deflected from the thorax axial plane (Fig. 1A), and 2) simultaneous bending of
cephalon and thorax at the level of the 4th, 5th or 6th segment, resulting in completely enrolled individuals (Fig. 1B). In mode
2), the cephalon could have been first deflected from the axial plane, followed by bending of the thorax, as evidenced by
specimens with a deflected cephalon but an outstretched thorax, perhaps preserving the first enrolment step.
The modes of enrolment in Strenuella polonica may have had different causes. In some cases, this likely provided
protection against potential predators, as was suggested by Żylińska & Kin (2010), owing to the spinosity of the exoskeleton
and that most spines gained their functionality in an enrolled state. Enrolment could also have been a response to sudden
unfavourable changes in the environmental conditions, for example storms, as suggested by Stachacz (2013) based on
descriptions of the local depositional setting. Lastly, moulting strategies may have involved partial enrolment, with vigorous
movements of the individual and flexing of the exoskeleton occurring during shedding. In this scenario, pleural spines could
have provided purchase against the sediment to facilitate exuviation (Drage et al. 2018). Enrolment in the trilobite
Strenuella polonica may have been a flexible strategy for survival and development.

Figure 1. Strenuella polonica Czarnocki, 1926 from the Holmia−Schmidtiellus Zone, Cambrian Series 2, Holy Cross Mountains, Poland. A.
semi-enrolled specimen 100/AB 32-16 from Adrian Kin collection. B. completely enrolled specimen UJ 214P/T16 from Michał Stachacz
collection. Arrow indicates flex between cephalon and thorax. Scale bar is 10 mm.
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The Arabian vertebrate fossil potential had been largely unexplored until the last two decades. Although its fossil record has
improved considerably in terms of quantity, it still largely consists of poorly preserved undiagnostic material (Buffetaut et al.,
2015). The dearth of diagnostic material has hampered paleobiogeographic reconstructions for Afro-Arabia resulting in older
models postulating a refugium for relict taxa and endemic faunas, especially during the Late Cretaceous. Recent studies on
the improved faunal composition of some southern continents paint a different and more complex picture, one of extensive
faunal connectivity between various Gondwanan landmasses and possibly even Eurasia (Agnolin et al., 2010). Here we
describe a newly discovered enigmatic ornithopod braincase from the type locality of the Al-Khod Conglomerate Formation
of Oman. This formation fills an important spatio-temporal gap, given its position in between Africa and Eurasia, its long
palaeogeographic relationship with Africa and being latest Cretaceous I (i.e. post-Cenomanian) in age (Sallam et al., 2018).
Although immensely undersampled and never systematically excavated, it has produced one of the most taxonomically
diverse latest Cretaceous faunas for any Gondwanan landmass (incl. turtles, neosuchian crocodyliforms and non-avian
dinosaurs) and a significant portion of all dinosaur records from the Arabian Peninsula (e.g. Schulp et al., 2008, Buffetaut et
al., 2015). The braincase is assigned to Ornithopoda on the basis of: a U-shaped occipital condyle, the dorsoventral
proportions of the posterior aspect of the braincase and the angle of the exoccipital-supraoccipital contact. Unlike typical
ornithopods it displays short and laterally restricted basipterygoid processes, prominent basal tuberi and a peculiar dorsal
skull margin. Endocranial features including a very narrow and steep median ridge, the morphology of the inner ear and the
hypoglossal arrangement are more typical of ornithopods. A unique combination of features: separate canal for the
ophthalmic branch of the trigeminal nerve (CN V), the large fossa above the cerebral carotid foramen, and an almost total
absence of a floccular recess, justify an identification as a non-hadrosaurid ornithopod.
This braincase adds support to the idea of large non-hadrosaurid ornithopods existing on the Afro-Arabian plate. It is crucial
to determine the exact phylogenetic position of the specimen, whether being closely related to Eurasian taxa or whether this
population represents endemic archaic refugia taxa without clear phylogenetic relatives in the Late Cretaceous. Trans-Tethys
intercontinental connectivity between Afro-Arabian and Eurasian faunas was previously suggested for both sauropod and
ornithopod taxa (Sallam et al., 2018). Paradoxically the generally small size of the morphologically peculiar taxa recovered
from the Al-Khod Fm. seems to suggest at least periodic isolation. Hadrosauroids may have been more prominent in AfroArabia during the Late Cretaceous than currently represented by the vertebrate fossil record, as indicated by tracks from
Cameroon and Yemen, and fragmentary and isolated material from Angola, Jordan and Sudan (e.g. Schulp et al., 2008).

Figure 1. A generalized and conservative reconstruction of the size of the cranium of the Al-Khod non-hadrosauroid ornithopod in right lateral
view. Note the robustness of the cranium, the extra foramen for CN XII, and seemingly short basipterygoid processes. Scale bar is 5 cm.
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Figure 2. The potential dispersal routes for Eurasian hadrosauroids to the Late Cretaceous Arabian archipelago of Oman (Buffetaut et al.,
2015).

REFERENCES
Agnolin, F.L., Ezcurra, M.D., Pais, D.F., and Salisbury, S.W. 2010. A reappraisal of the Cretaceous non-avian dinosaur
faunas from Australia and New Zealand: evidence for their Gondwanan affinities. Journal of Systematic Palaeontology,
8(2), 257-300.
Sallam, H.M., Gorscak, E., O’Connor, P.M., El-Dawoudi, I.A., El-Sayed, S., Saber, S., Kora, M.A., Sertich, J.J.W., Seiffert,
E.R., and Lamanna, M.C. 2018. New Egyptian Sauropod Reveals Late Cretaceous Dinosaur Dispersal Between Europe
and Africa.
First Dinosaur Tracks from the Arabian Peninsula – Schulp, A.S., Al-Wosabi, M., Stevens, N.J. 2008. PLoS ONE 3(5): 1-4.
Buffetaut, E., Hartman, A.F., Al-Kindi, M., Schulp, A.S. 2015. Hadrosauroid Dinosaurs from the Late Cretaceous of the
Sultanate of Oman.

Swiss Geoscience Meeting 2019

Platform Geosciences, Swiss Academy of Science, SCNAT

P 4.2
AMOR2 follows AMOR – an improved robot for orientation and imaging
of planktonic foraminifera
Michael Knappertsbusch1, Jean Eisenecker1 & Daniel Binggeli2
Naturhistorisches Museum Basel, Augustinergasse 2, CH-4002 Basel (michael.knappertsbusch@unibas.ch)
Fachhochschule Nordwestschweiz, Hochschule für Technik, Klosterzelgstrasse 2, CH-5210 Windisch

1
2

Morphometric shell measurements are a necessity to quantitatively map and record the biogeography and evolution of
planktonic foraminifera, an information that is still notoriously underrepresented in the taxonomic literature. For a robust
picture about morphological evolution knowledge about a species‘ variation over its global paleobiogeography is required at
stratigraphically high resolution, which demands the study of thousands of specimens. Such a requirement is often a
limitation to research projects due to the incredibly time-consuming labour of specimen orientation and imaging.
During our efforts of mapping morphological boundaries of extant and extinct menardiform globorotalids (Neogene tropical
planktonic foraminifera) through time (Knappertsbusch, 2016) automated devices were developed, that help orientate and
image specimens in reflected light at improved efficiency and precision. The first of these robots - AMOR - (Automated
Measurement system for shell mORphology) has been built several years ago (Knappertsbusch et al., 2009) and has
proven to be of great advantage for gathering the desired morphological data. AMOR consists of a motorized tilting stage
allowing pitch and roll movements coupled with an motorized binocular microscope from Leica. The software of AMOR is
encoded in LabView and includes standard core-functions for X- and Y tilting and translation, centering, automagnification,
and autofocussing of specimens mounted in keel view. Before saving to disk, images are autorotated for vertical alignment
on the monitor. These functions can be operated either in manual mode when handling single specimens, or in automatic
mode for scanning series of specimens in a multicellular slide. After image collection shell parameters are extracted and
analyzed using separate digital image and morphometric software. Early versions of AMOR were limited to Globorotalia
menardii with a rather strict, quasi-symmetric biconvex geometry in keel view. Newer versions of the algorithm allow
orientation of spiro- and umbilico-convex profiles, or menardiforms with a circular periphery in aequatorial view (e.g., G.
miocenica, G. multicamerata).
We learnt, that in natural populations automated orientation of shells cannot be satisfactorily achieved using a single,
universal algorithm because of too strong deviation of specimens from the model shape, that forms the basis for that
algorithm. Instead, more (sub-)species specific algorithms are needed in order to best orientate specimens into the desired
standard view for imaging. This became possible by scripting functions in the more recent AMOR v. 3.28 software applying
AutoIt scripting language from Jonathan Bennett and the AutoIt team: This approach allows a case-dependent combination
of the above mentioned core-functions, and which proved to be an elegant solution for increasing flexibility. It enables us in
future to create a „portfolio“ of adapted scripts for processing particular morphologies without the need of re-programming
sophisticated LabView code.
To further expand on this concept and other reasons made re-building of existing AMOR inavoidable. The follow-up device AMOR2 - was completed (see Figure 1). It integrates improved hardware, updated software (AMOR v. 4.2), extended corefunctions, and has a modified Graphical User Interface where core-functions and numeric input controls / numeric output
indicators are scriptable. This new robot is now available for our ongoing research about prospecting patterns of
morphological evolution in menardiform globorotalids along Agulhas‘ trackway (see Knappertsbusch and Friesenhagen
(2018) and the contribution of Friesenhagen during the present Swiss Geoscience Meeting).
An important aspect of our newer development is that portfolio’s with AMOR allow to extend to other morphogroups than
menardiform globorotalids. In this context we bear on the dream that different laboratories may in future build similar
devices and network for morphology-based phylogenetic reconstruction at unprecedented stratigraphic resolution.
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Figure 1. Left, robot AMOR2 with controller box containing drivers for stage and motorized zoom. Right, Graphical User Interface of
software that drives AMOR2 (e.g., AMOR v. 4.2) in single specimen mode and with scriptable buttons & input/output fields.
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The hyaenodonts were the most numerous and diverse carnivorous mammals during the Eocene of Europe. Their
phylogenetical concepts within the clade Hyaenodonta and their relationships with the other mammals remain today
unclear. Numerous propositions based on the extinct Northern American faunas lead to the conclusion that the
hyaenodonts were less competitive in many ways than the contemporaneous Carnivora. Indeed, we observe a direct
competition of these taxa in Northern America during the Eocene (ca. 56-34 Mya), the period of their local decrease in
diversity. A less efficient lever arm for the carnassial complex due to backward located large and secant teeth, a less
evolvable dental morphology due to the posterior position of the carnassials (= secant teeth dedicated to cut the meat), and
a supposed smaller size of their brain are often supposed at the origin for the extinction of this entire clade. However,
hyaenodonts are known in Africa and Eurasia until the middle Miocene (ca. 12 Mya).
Egerkingen localities (Canton of Solothurn, Switzerland) are three karstic infillings that have been excavated since 1890.
They are designated α, β, and γ and date from the Lutetian, Middle Eocene. The localities α and β constitutes the reference
locality for the European reference level MP14 (generally noted Egerkingen α + β) ca. 43 Mya. Quarry γ is considered as
slightly older and possibly close to MP13 reference level ca. 44 Mya. At that time, the Hyaenodonta flourished in Europe.
No less than eight different species of Hyaenodonta are currently described in Egerkingen localities. Here we present
Cartierodon egerkingensis Solé & Mennecart, 2019, a new species of Hyaenodonta from Egerkingen, and the first virtual
endocranial reconstruction (Dubied et al. 2019) studied in this clade with Proviverra typica.
Cartierodon is represented by numerous dental elements (Figure 1). Calculations based on the teeth size show that this
Hyaenodonta of ca. 30 kg was from far the largest carnivorous mammal known in Europe between 50 Mya and 40 Mya, all
the others not exceeding 20 kg. Reaching this size allowed Cartierodon to open a new ecological niche. He was, as far as
we know, the only one able to eat larger species than itself. Moreover, the peculiar dental morphology proves that he was a
bone-cracking predator.
On the other size of the hyaenodont spectrum, Proviverra typica (ca 0.5 kg) is an emblematic European Hyaenodonta
(Figure 1), which was first described based on fossils from Egerkingen. Comparing the morphology of the holotype virtual
endocast with natural cast of Hyaenodonta already published shows that there is an increase in complexity in the
convolutions. Moreover, we observed an increase in relative size of the encephalon within the Hyaenodonta history. The
analysis of the encephalization quotient – the relative volume size of the “brain” materialized by the empty volume inside
the braincase – reveals that the endocast of Proviverra is very large in comparison to its bodymass. Generally speaking,
the endocranium of the Hyaenodonta is not smaller than those of fossil Carnivora or even some extent Carnivora.
Therefore, the extinction of Hyaenodonta may not be linked to the relative size of their brain.
Few are currently known on the Hyaenodonta evolution. Further investigation is necessary to better understand the reasons
of their European and African success as well as the cause(s) of their total extinction.
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Figure 1. Fossils and outline illustrations with comparison to human size of Cartierdon egerkingensis (left) and Proviverra typical (right).
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