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Dear Colleagues
Welcome to the Fossil Week!

After Sydney (Australia) in 2002, Beijing (China) in 2006, London (United
Kingdom) in 2010 and Mendoza (Argentina) in 2014, we have the honour to organize

the IPC5 in France and in Paris.

France is often considered to be the birthplace of palaeontology (not only by
the French!), with Georges Cuvier as the founding father of the discipline. The large
number of important fossil localities that were easily accessible to the first natural

scientists was of great importance for the early development of palaeontology.

The Count of Buffon, Steward of the King’s Garden and encyclopaedic naturalist
of the 18th century, influenced greatly Georges Cuvier, who is widely considered to be
the founder of palaeontology. Indeed, Georges Cuvier developed palaeontology into a
scientific field; the term “palaeontology” was used for the first time by Henri-Marie
Ducrotay de Blainville, his successor in the Museum. As for Jean-Baptiste Lamarck,
founder of invertebrate palaeontology, he laid the foundations of biostratigraphy and
of palaeoclimatology. The first Chair of Palaeontology in the National Museum of

Natural History was created for Alcide d’Orbigny.

We have deliberately chosen to hold the Congress in the 5th arrondissement
which is one of the oldest neighbourhoods in Paris. Perhaps it will be less convenient
than a big congress centre but we expect that you will enjoy the undeniable charm of

our capital and particularly of the surroundings of the Congress area.
Thank you for joining us to enjoy the Fossil Week!
Sylvie Crasquin

General chair
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The organizing structure is the CR2P (Centre of Research on Palaeobiodiversity and
Palaeoenvironments). This laboratory is composed of lecturers and professors from the MNHN
(National Museum of Natural History) and the Sorbonne University and of researchers from the
CNRS (National Scientific Research Center). Altogether, the CR2P includes 41 tenured scientists, 27
postdocs and PhD students, and 27 engineers, technicians and administrative staff. This makes it
one of the largest research laboratories in the world exclusively devoted to Palaeontology. The
French Geological Society (SGF) will support the congress organization.

General chair:

Sylvie Crasquin

General secretary

Angelina Bastos, Dominique Gommery

Communication

Sophie Fernandez, Damien Germain, Florent Goussard, Adeline Kerner

Field trips

Ronan Allain, Patrick De Wever

General management

Gaél Clement, Michel Laurin, Isabelle Rouget, Brigitte Senut, Loic Villier

Scientific chair

Olivier Béthoux, Sylvain Charbonnier, Marie-Béatrice Forel, Didier Merle
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The Paleontological Society is an international nonprofit organization devoted
exclusively to the advancement of the science of paleontology: invertebrate and
vertebrate paleontology, micropaleontology, and paleobotany.

Members receive:

«= Free online access to the Journal of Paleontology, Paleobiology, and PS
Special Publications

«= Member-only discounts on publications from the Paleontological Society and
Palaeontological Association

«= Free online access to complete chapters of upcoming volumes of the Treatise

on Invertebrate Paleontology and discounts on print volumes

-Discounted registration rates for meetings of the Geological Society of America

‘Access to grant programs for students, early career paleontologists, researchers

from under-funded regions of the world, and for outreach activities

«= A range of professional development opportunities for students
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Visit our website — http://paleosoc.org/ — where you can find:
€) The latest paleontology news

€) Information about PS grants and awards

¢) Paleontology job announcements

€) Online paleontology graduate program directory

¢) Teaching and community outreach resources

¢) Our online membership form

And check us out on social media too!
¥ Facebook: n @PaleoSoc
% Twitter: W @Paleo_Society


http://paleosoc.org/
http://paleosoc.org/
https://www.facebook.com/PaleoSoc/
https://twitter.com/Paleo_Society
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Diversity of Gondwanan fossil woods from southern
Africa and palaeoclimate implications

Marion Bamford*+

Evolutionary Studies Institute and School of Geosciences, University of the Witwatersrand —Johannesburg, South
Africa

In southern African the Karoo Basin is well known for its vertebrate fossil record and the
Carboniferous to Jurassic biostratigraphic based on the fauna. There is, however, a good record of fossil
plants and woods, of the Glossopteris and Dicroidium floras. A large collection of Permian and Early Triassic
silicified woods from South Africa, Zimbabwe, Namibia, Botswana, Mozambique and Zambia is housed in
the Evolutionary Studies Institute. By far the most common genus of secondary xylem woods is
Agathoxylon with at least two species, A. africanum and A. karooensis. This genus has the typical araucarian
alternate bordered pitting on the tracheid walls and has been called Dadoxylon and Araucarioxylon in the
past. Other genera include Australoxylon with clusters of pits on the tracheid walls, and Prototaxoxylon
with spiral thickenings on the tracheids, from the early Permian. Podocarpoxylon with abietinian tracheid
pitting and Rhexoxylon with lobes of xylem separated by parenchyma, each with only a few species, have
been collected from Triassic strata. In the Late Carboniferous and early Permian there are a few woods with
piths preserved such as Megaporoxylon which were collected many years ago. This apparent lack of
diversity in the woody plants is investigated and compared with the much higher diversity of leaf and pollen
fossils. Preliminary work on growth rings is of limited use in palaeoenvironmental interpretations. Upper
Cretaceous woods from onshore and offshore deposits are still predominantly gymnospermous but
outcrops are not abundant. These woods are mostly podocarpaceous but members of the Euphorbiaceae
and Monimiaceae occur on the south coast (Pondoland). The few Cenozoic records comprise and increasing
diversity of angiospermous woods but do not reflect the huge floral diversity indicated by the pollen and
the modern vegetation. In contrast with the Karoo Basin fossil record the Cretaceous and Cenozoic periods
are poorly represented. The “African Erosion Surface”, long recognised by geologists but with no consensus
on its timing, is probably to be blamed for the poor fossil record of the Cenozoic.

’ Speaker
T Corresponding author: Marion.Bamford @wits.ac.za



Assessing the macroevolutionary consequences of
phenotypic integration with dense phenomic data
from living and extinct tetrapods

Anjali Goswami**

Department of Life Sciences, Natural History Museum (NHM) — Cromwell Road London, United Kingdom

Phenotypic integration is a pervasive characteristic of organisms. Interactions among morphological
traits, termed phenotypic integration, can be readily identified through quan-titative analysis of geometric
morphometric data from living and extinct organisms. These interactions have been hypothesized to reflect
genetic, developmental, and functional rela-tionships and to be a fundamental influence on morphological
evolution on small to large time scales. Simulations using covariance matrices derived from landmark data
for diverse vertebrate taxa confirm that trait integration can influence the trajectory and magnitude of
response to selection. At a macroevolutionary scale, high phenotypic integration produces both more and
less disparate organisms, and most often the latter, than would be expected under unconstrained
evolution, thereby increasing morphological range, but also homoplasy and convergence. However, this
effect may not translate simply to evolutionary rates. Here, | will discuss the macroevolutionary
consequences of phenotypic integration for cranial evolution through deep time in tetrapods. While most
large-scale studies of phenotypic integration and morphological evolution utilise relatively limited
descriptors of morphology, such as lengths or a small set of homologous landmarks, surface sliding semi-
landmark analysis allows for detailed quantification of complex 3D shapes, even across highly disparate
taxa. We conducted the largest analysis to date of morphological evolution across diverse tetrapod clades
using a dense dataset of landmarks and sliding semi-landmarks spanning the entire cranium and nearly 300
million years of evolution. Crania are highly modular, but this pattern varies across tetrapods. Modules also
have disparate magnitudes of trait integration, which reflect developmental complexity in some, but not all
clades. Tempo and mode are similarly highly variable, with some modules, such as the basicranium of birds,
showing early bursts of shape evolution, while other regions, such as the rostrum, show sustained change
throughout clade evolution. Leveraging this high density morphometric data, we further demonstrate that
variation is unequally distributed across the cranium and that distinct patterns of variation characterize
different tetrapod clades.

’ Speaker
T Corresponding author: : a.goswami@nhm.ac.uk



Proterozoic-Phanerozoic state change in the blobal
biosphere

Andrew H. Knoll*

Harvard University — United States

The familiar world of the Phanerozoic Eon characterizes only the last 14% of recorded Earth history.
Proterozoic rocks record a distinct state of the Earth surface system, separated from the modern biosphere
by temporally overlapping geochemical, tectonic, climatic and biological events. Multiple lines of evidence
support the hypothesis that late Neoproterozoic biological transition occurred in the context of oxygen
increase, although causation, quantification and timing remain uncertain. Data and models increasingly
point to phosphorous as a key player in both the long term maintenance of the Proterozoic biosphere and
its transformation to a distinct Phanerozoic steady state. In a low oxygen Proterozoic world, the kinetics of
iron oxidation would have limited erosional fluxes of P to the oceans, and chemistry in ferruginous oceans
would have expanded sinks for P, while limitations in oxidant availability would have restricted organic
remineralization. The result would have been oceans with low rates of (mostly cyanobacterial) primary
production. As Proterozoic sinks for P were oxygen dependent, any increase in pO, would increase P
availability and, hence, rates of primary production and O, generation: P and O, form a positive feedback
loop that would facilitate long term state change. It has long been appreciated that oxygen should
influence animal evolution for physiological reasons, but the P perspective suggests that rising pO, would
have played another, ecological role. Increasing primary production should increase the resource base for
organisms atop food chains. Ecological models also suggest that as primary production increased, larger
eukaryotic phytoplankton would have gained ecological importance, further enhancing the transfer of
energy to highertrophic levels. Thus, oxygen may have facilitated animal radiation for both physiological
and ecological reasons, with the diversification of carnivores further influencing animal ecology and
evolution. Evidence that anoxic subsurface waters persisted well into the Paleozoic Era is consistent with
narratives of late Neoproterozoic state change, as O, levels needed to support large predatory animals or
achieve a new steady state with regard to P are much lower than those required to fully oxygenate the
oceans. Although the timing and, therefore, drivers of eon-bounding state change remain contentious, both
global glaciation and late Neoproterozoic orogenesis may have played key roles.

’ Speaker



Digging up the Ediacaran: evidence for the early
onset of intense animal activity from western
Mongolia

Tatsuo Oji*

Nagoya University —Japan

There are excellent exposures of Cryogenian to early Cambrian rocks in the Govi-Altai and Zavkhan
provinces of western Mongolia. Bedded muddy limestone of the Zuun-Arts Formation in Bayan Gol valley in
southern Altai Province preserves abundant trace fossils of deep, U-shaped burrows assignable to the
ichnogenus Arenicolites. The horizons with Arenicolites are dated to the uppermost Ediacaran, based on a
combination of carbon isotope chemostratigraphy and its correlation to other sections such as in China and
Morocco, and the local first occurrence datum of the base-Cambrian index trace fossil Treptichnus pedum.
There are many flat-pebble conglomerates associated with these Arenicolites. However, Arenicolites
presumably lived on a relatively deep slope, rather than in a shallow shelf environment because of common
slump beds near the horizons, suggesting that the flat-pebble conglomerates were also made by slump.
Presence of deep burrowing in the late Neoproterozoic Mongolian succession suggests that the “Cambrian
agronomic revolution” has commenced earlier, at least locally in tropical settings near the palaeo-equator.
The existence of U-shaped burrows, presumably made by bilaterians, also suggests complex animal
behavior such as predation and predator-avoidance in the burrows, a view that diverges from that of the
“Garden of Ediacara”.

’ Speaker



Major evolutionary steps in the history of gigantic
dinosaurs: new evidence from the Southern
Hemisphere

Diego Pol*t

CONICET, Museo Paleontologico Egidio Feruglio (MEF) — Trelew, Argentina

Sauropodomorpha is one of the three major lineages of dinosaurs and first radiated in the Late
Triassic, becoming the dominant megaherbivores of most terrestrial ecosystems during the Mesozoic.
During this period of time the group achieved major evolutionary transforma-tions, including the
acquisition of the largest body sizes in the history of land animals, their complete adaptation of herbivory,
and the development of a distinctive body plan. Recent discoveries suggest the presence of punctuated
phases of major evolutionary change in the history of the group during the Mesozoic. In particular, the
fossil record from the Southern Hemisphere has provided key specimens that shed light to some of these
events. Here | summarize information coming from recent discoveries from the southern continents with
particular emphasis on those coming from South America. Soon after their appearance in the Late Triassic
sauropodomorphs radiated during the Norian into various basal lineages recorded in disparate regions of
Pangea. This radiation involved the first steps in the acquisition of the sauropodomorph body plan including
a decrease of the relative skull size and the appearance of the first dinosaurs with quadrupedal stance and
large body weights. New evidence from the Late Triassic of Argentina indicate sauropodomorphs achieved
body sizes similar to those of the derived sauropods that are fully quadrupedal but retained a
plesiomorphic postcranial anatomy. The Early Jurassic is highlighted as a second key stage in the evolution
of the group, marked by the acquisition of the body plan characteristic of true sauropods (including
elongation of the neck, highly pneumatic axial skeleton, graviportalism) that will be overall maintained until
the end Cretaceous. The southern fossil record (Africa, South America, Antarctica, India) provides key data
to date the radiation and dominance of true sauropods in the Toarcian, prior to what is recorded in the
Europe and Asia. Subsequent evidence of sauropodomorph evolution in the Southern Hemisphere is
dominated by the di-versification of diverse neosauropod lineages in the Late Jurassic and Early Cretaceous,
with the notable appearance of titanosaur sauropods by the late Early Cretaceous. This clade was the most
diverse and successful lineage of neosauropod dinosaurs and achieved worldwide distribution. Their initial
radiation includes the origin of various lineages including a clade of giant titanosaurs in the Albian of
Patagonia.

’ Speaker
T Corresponding author: dpol@mef.org.ar
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Ambers and resins, past and future

Leyla Seyfullah*

Department of Geobiology, University of Gottingen, Goldschmidtstr 3, 37077 Gottingen, Germany

Amber (fossil plant resin) is rightly famed for the preservation of organisms (often in life position)
that it contains. Our understanding, however, of why plants produced the resin is limited currently. There
are several suggestions, but not many have been tested. Chemical analyses of amber have previously
mainly focused on attempts to link a fossil resin deposit to its original source plant, and these have had a
certain amount of success. More recently, the potential value of amber as a medium for preserving
ecological or environmental signals of the original resin is seen as contentious and developing area. This
includes attempts to relate potential biomarkers preserved in amber as signals that might be linked to
insect attack or climate that caused the original resin outpouring.

To try to understand what affects resin chemistry, the first step has been to demonstrate the
variability within naturally occurring resins and amber. In modern resins carbon isotopes are highly
variable, even the height on the tree at which the resin was sampled has an effect. The variability of carbon
isotopes within fossil resins is illustrated using the Carnian (late Triassic) Dolomites amber, and Cretaceous
ambers as specific examples. The Cretaceous examples mean that extreme care is needed in using amber
as a proxy for palaeoatmospheric reconstructions. Building on this basis, | have been testing for biomarker
signals that might occur in resins, and what they may indicate about the environment surrounding the
resin-producing plant at the time of resin exudation. To tackle this, experimentally produced araucarian
resins from both Agathis australis and Wollemia nobilis have been produced and analysed. These results
and the next steps will be highlighted.
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Cretaceous Burmese amber biota

Bo Wang*

Nanjing Institute of Geology and Palaeontology, Chinese Academy of Sciences (China)

Burmese amber (amber from northern Myanmar) contains the most diverse biota of all Cretaceous
amber. During the last 100 years, Burmese amber has received worldwide scientific interest; more than 300
families of arthropods plus diverse plants and vertebrates have been reported. Burmese amber has been
known for nearly 2000 years, and it has been traded with China since Han Dynasty times (202 B.C. to 220
A.D). The first reported animal inclusions in Burmese amber were presented between 1917 and 1922 by Dr.
Cockerell. The renaissance in Burmese amber research started at the very end of 20th century and the
investigations on inclusions of Burmese amber are now in full bloom. Recently, amber and its inclusions
have been thoroughly investigated, with international collaborations that have resulted in prolific papers
and reports published on the identification and description of numerous fossil inclusions. We have re-
investigated this biota based on new, abundant fossils and got some new and surprising discoveries. We
found a number of arthropod groups that are rare or extremely rare in amber, e.g. crabs (Brachyura), camel
spiders (Solifugae), whip-scorpions (Thelyphonida), and onychophorans (Onychophora). Insects are the
most common group in Burmese amber and show a remarkable mixture of basal and derived forms. They
document a particularly active time in the evolution of life on land, the Cretaceous terrestrial revolution.
Flowering plants were flourishing and diversifying, the insects that fed on the flowers were also flourishing
and diversifying, and the predators that fed on the insects (spiders, lizards, mammals, and birds) were
flourishing and diversifying. The stories of plants, insects and other invertebrates, and predator interactions
documented in Burmese amber offer an unprecedented view into the co-evolution of insects and plants,
the evolution of pollination, adaptations to various types of food and habitats, and the formation of recent
ecosystems and biotas. Although the list of exciting discoveries is long, only about 20% of the inclusions
have been formally described from Burmese amber. Therefore the Burmese amber biota requires much
more extensive and detailed taxonomic investigation.

’ Speaker

11



S1// Oral

New mordellid-like beetles from Upper-Cretaceous
Burmese amber and their ecological implications

Tong Bao*t !, Katarzyna Walczynska 2, Jes Rust *, Bo Wang®

!Steinmann-Institut, Abteilung Paldontologie, Universitdat Bonn (Germany)
’Institute of Oceanography, University of Gdansk (Poland)
*State Key Laboratory of Palaeobiology and Stratigraphy, Nanjing Institute of Geology and Palaeontology, Chinese
Academy of Sciences (China)

A new family of tenebrionid beetle (Coleoptera: Polyphaga: Tenebrionoidea) is described based on
two genera from Burmese amber (lower Cenomanian, ca. 99 Ma). The new family is undoubtedly attributed
to Tenebrionoidea by the retractile wedge-shaped body and tarsal formula 5-5-4. It shares some similarities
with Mordellidae such as, a convex head and hind legs that are well-developed. However, it is more closely
related to the Jurassic Wuhua beetle because of the absence of pygidium and other micro structures like
the claw formula. Furthermore, Wuhua is supposed to be the basic taxon of the new family.

Based on the morphological characters of the flower feeding extant Mordellidae, Ripiphoridae, and
of the pollen feeding Tenebrionoidea, the morphology of the new Cretaceous tenebrionid beetle family
suggests a similar pollen feeding strategy. The evolutionary and phylogenetic relationship between
Mordellidae, Ripiphoridae and the new family are discussed. The fossil records of Ripiphoridae from the
Middle Jurassic share a similar body plan, which may indicate their success of occupying an ecological niche
from the Jurassic. However, Mordellidae and the new family show obvious morphological changes during
the Cretaceous probably due to the rise of angiosperms. Compared to Jurassic Praemordellidae and
Wuhua, Cretaceous Mordellidae and the new family have evolved the expanded metafemora and setae
system on their ventral and dorsal body surfaces, which alludes to that their locomotion evolved from
simple crawl to jump-fly and their diet preference evolved from surface nutrition (fungi, moose, lichen,
etc.) to herbaceous flowers. Mordellidae possess the elongated pygidium, well-developed hind leg, C-shape
curved body and expanded maxillary palp, which provide more efficient jumping and feeding ability.
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Myrmicine ant (Hymenoptera: Formicidae) diversity
in Miocene amber of Zhangpu, China

Cédric Chény* ', Vincent Perrichot?, Bo Wang'

!State Key Laboratory of Palaeobiology and Stratigraphy, Nanjing Institute of Geology and Palaeontology, Chinese
Academy of Sciences, Nanjing 210008, China (NIGP)
2UnivRennes,CNRS,GéosciencesRennes-Ul\/IR6118,35000Rennes,Fr'ance

The middle Miocene (Langhian) Fotan Group of Zhangpu County (Fujian Province, SE China) is
known to contain a rich paleoflora including leaves and fruits of dipterocarp trees, reflecting a northern
expansion of tropical dipterocarp forest ecosystems until South Fujian during the mid-Miocene Climatic
Optimum. Recently, the presence of amber of dipterocarp origin has also been documented. Investigations
of Zhangpu amber has revealed a plethora of arthropod inclusions, among which a remarkable ant fauna
comprising more than 1 000 individuals (workers and gynes) from 9 subfamilies, all belonging to extinct
species of still living genera. Myrmicinae is by far the most abundant subfamily (65% of the total ants; ca
650 ind.), followed by Dolichoderinae (9%), Ponerinae (8%), and Formicinae (6%). Myrmicines comprise at
least 20 species in 16 genera, among which Carebara and Pheidole are largely dominant (21% and 19%,
respectively). Lophomyrmex, Crematogaster, and Tetramorium are also well represented (ca 5% each), and
several occurrences are the first fossil records of extant genera (e.g., Cardiocondyla, Gauromyrmex,
Meranoplus, Myrmicaria, Proatta). The ant paleocommunity of Zhangpu amber is mostly similar to the
present-day fauna that is found in tropical rainforests from SE Asia and eastern Australia, particularly the
dipterocarp forests of Borneo, Philippines or Malaysia. Overall, our findings highlight a closely related
geographical distribution of some Australasian ant genera and dipterocarp forest ecosystems.
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Molecular composition of fossil and extant dammar
resins: insights into molecular taphonomy of plant
terpenoids

Suryendu Dutta *

Department of Earth Sciences IIT Bombay, India

The composition of sesquiterpenoids and triterpenoids in the solvent extract of extant, Miocene
and Eocene resins has been determined and compared to investigate the diagenetic fate of these
terpenoids. Eocene resins were collected from Tadkeswar lignite mine, Cambay Basin, western India. The
Miocene resins were sourced from Assam Basin, Mizoram, NE India. Significant changes in the
sesquiterpenoid composition of the fossilised Eocene resin compared to the modern resin were evident,
whereas the triterpenoid products reflected only minor differences. The presence of dammarane
compounds (e.g., hydroxydammarenone and 20,24epoxy-25-hydroxydammaran-3-one) in the total extract
of the ambers clearly suggests that the fossil resins were produced by angiosperm tree family
Dipterocarpaceae. The major sesquiterpenoids in the extant dammar resin are the volatile compounds, a-
copaene, 8-bourbonene, Belemene, B-caryophyllene, germacrene D, germacrene B and spathulenol. In
contrast, the major sesquiterpenoids in the fossilised resins were C15 cadalene-based compounds such as
dihydro-arcurcumene, a-muurolene, calamenene, 5,6,7,8tetrahydrocadalene and cadalene. Interestingly,
volatile bioterpenoids are preserved in Miocene ambers. These compounds are used to play active role in
forest ecology, especially in plant-animal interactions. The survival of these unaltered bioterpenoids can be
attributed to the existence of extraordinary taphonomic conditions conducive to the preservation of
volatile biomolecules through deep time. In general, the triterpenoid assemblages in both fossil and extant
resins were very similar with abundant Band a-amyrin in the studied resins. We have also investigated the
molecular signature of partially and severely altered Eocene ambers from Tadkeswar lignite mine and
compare their triterpenoid distribution. Several aromatized and unsaturated triterpenoids are exclusively
detected in the altered ambers. Amyrin-derived A-ring monoaromatic triterpenoids are highly abundant in
the total extracts of both partially and severely altered ambers whereas tetra-aromatic and des-
Atriterpenoids are identified in severely oxidized ambers. An A-ring contracted triterpenoid (i.e. A-neo-
oleana(ursa)-3(5),2-diene), indicator of dehydration reaction, is detected in all studied altered ambers.
These aromatic compounds are mainly produced by microbial alterations.
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The lowermost Eocene Oise amber: new data, new
methods

Romain Garrouste *t', Benjamin Carbuccia !, André Nel *

Ynstitut de Systématique Evolution Biodiversité (ISYEB) (MNHN/ISYEB) - Muséum National d'Histoire Naturelle
(MNHN) - 45, Rue Buffon -75231 PARIS, France

Oise amber, also called Paris amber, has been discovered in Lowermost Eocene (Ypresian, 53-
55Ma) lignitic sands of Oise Department in the early 90's. A large amount of this highly fossiliferous
amber is now housed in the collection of the Muséum National d'Histoire Naturelle in Paris
(MNHN). More than 24,000 inclusions have already been identified, and investigations are still in
progress on the remaining raw amber from recent collecting campaigns carried out with the support of
the Lafarge company, operating fossiliferous sand pits. Oise amber is highly valuable for insect studies,
being among the first fossiliferous deposits from the post K-Pg boundary, together with the Earliest
Eocene amber deposits from Canada, China, and India. Its great palaeodiversity allows to trace the
oldest known representatives of many modern insect families. Coleoptera (with 45 families), Diptera,
Hymenoptera, and Hemiptera are the dominant orders in number of specimens and diversity. A recent
overview of the arachnid specimens has revealed more than 350 spiders (2% of total inclusions) in at
least 26 families among which several new ones, an unexpected palaeodiversity. This arthropod
palaeobiocoenosis confirms a biogeographical proximity with Baltic amber deposits, nevertheless with a
rather marked tropical tendency, confirmed by a complete comparative study of Aranae
palaeocommunity and by several insect taxa. To complement the observations, cutting-edge analytical
tools such as flurorescence microscopy, laser confocal microscopy, OCT and CT scan tomography are
used for the description of inclusions and syninclusions, and to better address the taphonomic aspects.
A citizen science program is underway with the SAGA association (geologist amators associated to
MNHN), which helps to sort inclusions, and additional field work is planned with volunteers from this
association to increase the sampling.
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Cretaceous dragonflies (Insecta: Odonata)
preserved in amber

Edmund Jarzembowski *!, Daran Zheng *

'The Natural History Museum — United Kingdom
2 Department of Earth Sciences, The University of Hong Kong — China

Odonatans (dragonflies and damselflies; dragonflies in the broad sense) are rare as amber
inclusions, but quite diverse in mid-Cretaceous Burmese amber (circa 100 million years old) with 27
species in 22 genera representing 13 families: this is the most abundant dragonfly assemblage so far
discovered as amber inclusions.

In the past two years, over 20 new species have been found by the authors after examining over
300 odonatans (from over a quarter of a million amber inclusions).

Most of the species have now been published and here we provide a brief review; more new
species will be described in the future, especially rare ones. They were collected in the Hukawng Valley
of Kachin Province, Myanmar and the age of Burmese amber is considered to be Early Cenomanian.

The amber containing the dragonflies is normally yellow or red and transparent. Photographs
were taken using a Zeiss Stereo Discovery V16 microscope system and Zen software. All the specimens
are housed in the Nanjing Institute of Geology and Palaeontology, Chinese Academy of Sciences
(NIGPAS).

Three suborders of crown Odonata have been recorded, including the damselfly (zygopteran)
families or superfamilies  Platycnemididae, Platystictidae, Perilestidae, = Hemiphlebiidae,
Coenagrionoidea, Pseudostigmatoidea, Mesomegaloprepidae and Dysagrionidae, plus the dragonfly
(anisopteran) families Lindeniidae, Gomphaeschnidae and Burmaeshnidae, and the damseldragonfly
(anisozygopteran) family Burmaphlebiidae.

All these taxa are based on the adult stage, but there are still many immature insect inclusions
(nymphs/larvae) which need to be studied. The inclusions, especially true damselflies (zygopterans),
were entrapped in a resinous, coniferous woodland amidst the burgeoning angiospermous flowering
plants along the north-eastern fringe of the Tethyan ocean. The inclusion of so many large insects in
amber is unusual. They can help us evaluate the origin, evolution, and palaeobiogeography of the
modern families of Odonata. Questions remain, however, such as what the forest palaeoecology was
really like. The occurrence of aquatic immature stages is of palaeoenvironmental significance.
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Hidden secrets of Mimarachnidae planthoppers
(Hemiptera: Fulgoromorpha)

Tian Jiang*t', Bo Wang?, Jacek Szwedo °

1 China University of Geosciences (Beijing) — 29 Xueyuan Rd, Haidian, Beijing, 100083, China
2 State Key Laboratory of Palaeobiology and Stratigraphy, Center for Excellence in Life and Paleoenvironment, Nanjing
Institute of Geology and Palaeontology, Chinese Academy of Sciences — 39 East Beijing Road, Nanjing, 210008, China
3 Laboratory of Evolutionary Entomology and Museum of Amber Inclusions, Department of Invertebrate Zoology and
Parasitology, Faculty of Biology, University of Gdansk — 59, Wita Stwosza St., PL80-308 Gdansk, Poland

The Hemiptera is one of the ”Big Five” insect orders presenting the highest taxic diversity and
morpho-ecological disparity. Planthoppers (Fulgoromorpha) is one of the hemipteran suborders displaying
enormous diversity, with 30 extant and extinct families currently recognized and with fossil record reaching
the Permian. Until now, the extinct family Mimarachnidae Shcherbakov, 2007 was known exclusively from
compression/impression fossils in sedimentary deposits of Buryatia (Russia), Japan and Spain (some not
formally described taxa come from Mongolia and probably also from Brazil), which restrict the family
distribution to the middle to high latitudes probably with the seasonal alteration (Szwedo and Ansorge
2015). Recently, Shcherbakov (2017) reported the first representative of this group from Burmese amber,
representing the record from a tropical palaeoequatorial region, and indicating that this family can also live
in the tropical forest, with a worldwide distribution. Here, we report the more representatives of the family
preserved as inclusions in the mid-Cretaceous Burmese amber. Surprisingly, the taxonomic and
morphological disparity of these fossils exceed far beyond the richness of fossils already known. Several
eco-morphologial traits present among modern planthoppers are to be observed also among
representatives of Mimarachnidae from Burmese amber. Also taxonomic diversity of these fossils
preserved as inclusions allow us to erect a number on new taxa of specific, generic and higher levels.
Mimarachnidae seems to be an endemic family for the Cretaceous period, but its disparity is comparable to
modern planthoppers leading to the questions of tempo and mode of eco-evolutionary adaptations on one
hand, and reasons for rapid origination and extinction of this group on the other. Also relationships of the
Mimarachnidae within the Fulgoromorpha clade are not fully elaborated, and recent discoveries contest
the already proposed relationships of Mimarachnidae with Cixiidae-like lineage of the Fulgoromorpha. The
recent discoveries of particular Mimarachnidae with peculiar venation, hardly comparable with modern
planthoppers put a set of new questions and possibility of new explanations of the Fulgoromorpha
phylogeny and relationships. Inclusions in amber also allow for the detailed study of genital elements of
both females and males of Mimarachnidae. It seems these structures only hardly match to the model
presented by modern planthoppers.

’ Speaker
! Corresponding author: jiangtian@cugb.edu.cn

17



S1// Oral

Ectoparasites of arthropods in amber forest — the
case of terrestrial Parasitengona mites

*
Marta Konikiewicz 1, Joanna Makol *

! Department of Invertebrate Systematics and Ecology, Wroclaw University of Environmental and Life
Sciences — Koz uchowska 5b, 51-631 Wroclaw, Poland

Terrestrial Parasitengona constitute an ecologically distinguished group within prostigmatid mites
(Arachnida, Actinotrichida), and encompass over 5 000 nominal species. Representatives of this world-wide
distributed group are highly diversified, both with respect to biology and morphology, and inhabit a wide
range of habitats. They are characterised by a complex life cycle involving alternation of active (larvae,
deutonymphs and adults) and inactive (prelarvae, protonymphs and tritonymphs) instars. Larvae of
Calyptostomatoidea, Erythraeoidea and Trombidioidea (excl. Trombiculidae), heteromorphic in relation to
postlarval instars, are ectoparasites of arthropods and, considering the extant fauna, can be found on
representatives of almost all insect and arachnid orders, although the most numerous associations involve
dipteran, hemipteran and orthopteran hosts.

In search for hosts the larvae penetrate litter and lower vegetation layers. However, due to the
relatively high mobility of hosts, the larvae which, contrary to predatory, edaphic postlarval forms, are
considered the main dispersal instar via their hosts, are significantly more often embedded in amber. The
knowledge of host-parasite associations between parasitengone larvae preserved together with their hosts
in the fossil materials is extremely scarce and limited to two records. The oldest known case concerns
erythraeoid larva discovered in the Lebanese amber (c. 130 Ma). The second record pertains to two larvae
(Erythraeoidea and Trombidioidea) from Canadian amber (c. 70-80 Ma). In both cases larvae were attached
to dipteran hosts representing Ceratopogonidae (Diptera: Nematocera).

During the analysis of 1850 amber lumps (Burmese, Baltic and Ukrainian), containing terrestrial
Parasitengona mites, 40 larvae of Erythraeoidea, Trombidioidea and Calyptostomatoidea captured in
parasitic phase along with their hosts, were discovered. The majority of new findings (35) involves Diptera
as hosts. Among other hosts parasitized by Trombidioidea larvae the representatives of the Hymenoptera
were also stated.
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Where were the mosquitoes? Differences and
similarities between the Eocene Baltic amber and
Recent fauna of Diptera Nematocera

Wieslaw Krzeminski* *, Kornelia Skibifiskat !, Katarzyna Kope¢ ', Agnieszka
Soszyriska-Maj

1 |nstitute of Systematics and Evolution of Animals Polish Academy of Sciences (ISEA PAS) — Slawkowska street 17, 31-
016 Krakow, Poland
2 Department of Invertebrate Zoology and Hydrobiology, University of Lodz, — Banacha street 12/16,

90-237 Lodz, Poland

Baltic amber was created in the area of present Europe, mainly in the Scandinavian Peninsula
during the Eocene period (40-42 Ma). At that time, most of today’s Europe was submersed under warm
ocean waters. The prevailing climate was much warmer than today (subtropical), interspersed by cooler
periods. The consecutive changes of temperature can be evidenced by insect fauna which was different and
very characteristic for each period; for example presence of members of the Tanyderidae (warm period) or
Trichoceridae (cold period). This amber occupies a special position among all fossil resins because the last
representatives of the extinct Mesozoic fauna can be found together with the first representatives of many
living genera. Moreover, most genera and almost all families that occurred there are also represented in
contemporary fauna; therefore inclusions in Baltic amber are of great importance for analyzing and
understanding the evolutionary changes in many families of Diptera. Inclusions provide also information
about paleoclimate and paleoenvironment at the time this resin had been deposited. However, only a few
fossil genera are known only from the Baltic amber. Generally, the Eocene fauna of Diptera Nematocera is
very similar to the extant fauna and differs only at species level.The most surprising is the nearly complete
absence of mosquitoes (Culicidae) and other families, that are otherwise present and very diverse in almost
all modern wet ecosystems.
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A mid-Cretaceous tree fern of Thyrsopteridaceae
(Cyatheales) in Myanmar amber

Chunxiang Li*!, Robbin C. Moran?, Junye Ma*, Bo Wang', Jiasheng Hao?, Qun Yang®

!State Key Laboratory of Palaeobiology and Stratigraphy, Nanjing Institute of Geology and Palaeontology, Chinese
Academy of Sciences, Nanjing 210008, China
>The New York Botanical Garden, Bronx, 2900 Southern Blvd., NY 10458-5126, USA — United States
3CoIIegeoth‘eSciences,AnhuiNormalUniversity,VVuhu,241000,China

Numerous well-preserved fossils have previously been discovered in mid-Cretaceous (late Albian to
earliest Cenomanian, =100 Ma) amber from northern Myanmar, including new species, genera, and even
families of plants and invertebrates. Compared to the 34 orders of insects and

252 families of arthropods already known from this site, researches on the botanical inclusions is
far behind, as exemplified by only a few derived ferns (polypods) described from the Myanmar ambers. This
is not surprising because, with only about 10,000 species, ferns are much lower in species diversity than the
arthropods. However, the polypod fossils are significant not only in recovering the polypod ferns’ diversity
changes in history, but also in bridging the gap between the Cretaceous records of polypod ferns and
divergence time estimates obtained based DNA sequence variation.

A new species of tree fern trapped in 100 MA Myanmar amber is described. It belongs to the
Thyrsopteridaceae and closely resembles Thyrsopteris elegans Kunze, an endemic to the Juan Fernandez
Islands. The fossil has short-lobed lamina segments, terminal sori, cyathiform indusia, clavate receptacles,
and oblique annuli.The fossil adds to the diversity of previously described Thyrsopteridaceae from Upper
Cretaceous to Eocene, and extends the family’s fossil record back to the mid-Cretaceous. The
palaeobiogeographic and palaeoclimatic scenarios are discussed.
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Ostracoda in Miocene amber from Chiapas, Mexico

Renate Matzke-Karasz*', Maria De Lourdes Serrano-Sanchez?, Liseth Pérez?,
Dietmar Keyser?’, Radovan Pipl’k4, Jessica Fischer®, Peter Cloetens®, Paul Tafforeau®,
Francisco Vega2

! Department of Earth and Environmental Sciences, Palaeontology, Ludwig-Maximilians-Universitdt Minchen — Germany
? Universidad Nacional Auténoma de México (UNAM) — Mexico
3Zoological Institute and Museum, University of Hamburg — Germany
*Slovak Academy of Sciences, Earth Science Institute, Banska Bystrica — Slovakia
> Animal Ecology I, University of Bayreuth, Bayreuth — Germany
6 European Synchrotron Radiation Facility (ESRF) — ESRF —GRENOBLE CEDEX, France

Miocene Mexican amber from Chiapas’ Campo La Granja mines is special: it was formed in an
estuarine environment with tidal marine influence and sea-level fluctuations, enclosing high numbers of
semiand fully aquatic arthropods. We present our study on more than 250 submillimeter-sized individuals
of Ostracoda (Crustacea) from Campo La Granja, trapped in the resin under water in a brackish coastal
habitat.

Ostracods have a unique fossil record throughout geological history due to their calcified bivalved
carapaces. However, some taxa with carapaces lacking solid calcification may not be represented in the
regular fossil record. This is to be assumed for the tribe Thalassocypridini (Paracypridinae, Candonidae), the
extant representatives of which typically possess a very weakly calcified carapace and which lack any fossil
representatives. The Campo La Granja amber revealed an Early Miocene ostracod fauna predominantly
consisting of such Thalassocypridini species, thus providing the first insight into the evolution of this taxon.
Their transparent valves allowed a widely unobstructed view onto the appendages and made it possible to
identify nine ostracod species, six of them new to science.

The exceptional finding of such a high number of individuals, even entombed together in single
amber pieces, allowed us to draw conclusions on population composition, reproduction mode and
taphonomy, and even on micro-environmental parameters of the amber’s place of formation. In
comparison with today’s autecology of this taxon, we argue that the amber fossils may either reflect the
taxon’s evolutionary shift in habitat, or indicate an additional ancient distribution. Synchrotron micoand
nanotomographic investigations proved to increase considerably the optical information retrieved from
Campo La Granja ostracods. Gains from these methodologies will be shown by examples covering
taxonomy, micromorphology, and reproductive biology of the amber ostracods.
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Trash-carrying green lacewing larvae from Early
Cretaceous Lebanese amber

Ricardo Pérez-De La Fuente * %, Enrique Pefalver 2, Dany Azar 3, Michael Engel
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Some animals possess morphological and behavioural adaptations aimed at selecting and carrying
diverse exogenous elements for camouflage and physical protection. This is the case of the so-called “trash-
carrying” green lacewing larvae (Neuroptera: Chrysopoidea: Chrysopidae), voracious predatory insects
widely used in pest control. In 2012, the discovery of Hallucinochrysa diogenesi, a bizarre-looking
chrysopoid larva from Early Cretaceous Spanish amber carrying a trash packet specifically composed of
plant trichomes, revealed that trash-carrying has been present in the lineage leading to modern green
lacewings for more than 100 million years. Since then, similar fossils have been found in other Cretaceous
ambers, although most of these are still awaiting formal description. A conspicuous feature uniting most of
the known Cretaceous diversity of trash-carrying larval chrysopoids, and distinguishing it from the extant
diversity of the group, is that the setose tubercles present on the specimens’ dorsa for retention of the
trash packet elements are extremely elongate, tubular in shape. At least two morphotypes of chrysopoid
larvae, one of them previously figured, are currently known from Lebanese amber, Early Cretaceous
(Barremian) in age (about 130 Ma). The first morphotype represents a first instar without associated debris,
and an aggregation of several individuals is known. Unlike H. diogenesi, this morphotype lacks setal
specializations. The second morphotype is an advanced immature form, probably a third instar, and it
possesses expanded setal endings. Remarkably, several irregular fragments of debris corresponding to an
initially built trash packet or a partially dislodged one are entangled among the tubular tubercle setae of
this latter morphotype. Both morphotypes have a pair of lateral and laterodorsal tubular tubercles on, at
least, the mesothorax, and the tubular tubercle dotation on abdominal segments includes a variable
number of pairs of shorter tubercles in submedial position, revealing a variety yet unknown. These new
studies will be paramount to understand the diversity of early larval green lacewings and their
relationships. Most importantly, chrysopoid larvae hold significant potential to inform of past ecological
interactions and to shed light on the evolution of developmental patterns in holometabolous insects,
particularly those associated to adaptations as critical for the species’ survival as trash-carrying.
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The age and paleobiota of Ethiopian amber revisited
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Fossiliferous amber from Ethiopia was reported a decade ago and was considered to be early Late
Cretaceous in age (Cenomanian, ca. 93-95 Ma) based on initial assighment of palynomorphs and
physicochemical properties of the amber. This assumed Cretaceous age has recently been questioned,
given subsequent discovery of extant genera among the arthropod inclusions, and identification of
erroneously determined palynomorphs. An investigation of additional amber material and associated
sediments is presented here, which provides compelling evidence that the material is much younger in age,
datable to the Cenozoic, Early Miocene (16—23 Ma). Palynomorphs from the samples have yielded large
numbers of typically long ranging Cenozoic pollen, some of which are known within nearby basins in South
Sudan to be particularly common in terms of a climate controlled regional plexus of abundance in the Early
Miocene. The newly-studied insect fossils mostly belong to extant families and genera. A particular
reference to ants is made here with the report of 60 individuals mostly assignable to extant genera of
Dolichoderinae (e.g., Ravavy, Technomyrmex), Myrmicinae (e.g., Carebara, Melissotarsus, Monomorium,
Rhopalomastix), Ponerinae (e.g., Cryptopone, Hypoponera), and Pseudomyrmecinae (e.g., Tetraponera),
but also some undetermined, possibly extinct genera. Chemical analysis indicates that Ethiopian amber
belongs to the Class Ic ambers that were mostly produced by the Fabaceae (Legume family of flowering
plants). The resin producer may have been allied to the genus Hymenaea that is well known in the prolific
East African Zanzibar copal trade, and other Neotropical ambers. It is noteworthy that one of the more
common pollen types recovered from the amber-containing sediments, the genus Striatricolpites
(=Striatopollis) plus much rarer Margocolporites spp., come from within the order Fabales, that includes the
Fabaceae family. Although much younger than previously estimated, Ethiopian amber remains of great
interest as fossil insects are exceedingly rare in Africa, and the Miocene age permits comparison to coeval
worldwide ambers of similar fabaceous origin such as Dominican, Mexican, and Peruvian amber.
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preservation of small aquatic isopod larvae in
Cretaceous amber from France
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Isopod crustaceans are commonly referred to as woodlice; however, terrestrial isopods (Oniscidea)
are only one of many evolutionary successful lineages of this group of malacostracan crustaceans. A major
share of isopod diversity is represented by the marine forms. Among marine isopods a large variety of
ecological strategies has evolved, ranging from the adaption to deep sea environments to a strictly parasitic
lifestyle. How and when parasitism evolved within isopods is still subject to recent investigations. Within
the parasitic isopods, the group Epicaridea represents still a special case: While most isopods and their
relatives have offspring that resembles the adult in most aspects, epicarideans show at least three
distinguishable larval phases, each characterized by a distinct morphology and lifestyle. One of these stages
(the cryptoniscium larva) is now investigated in detail from a Cretaceous amber site in France (Vendée).
Besides one occurrence in Miocene amber from Mexico this is only the second and thus oldest record of
body fossils for this animal group. With the help of high-resolution composite fluorescence microscopy, we
shed light on the morphology of these very small animals. Although the body length of the fossil larvae
does not exceed 0.5 millimetres, delicate structures like single sensory setae can be visualized. Our
investigations contribute important insights into the developmental biology and ecology of these 90 million
years old crustaceans and may help to further elucidate the evolution of parasitic strategies in isopods.
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resins and its implications for evolutionary research
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Scorpionflies (Mecoptera) are of special significance for insects evolution and phylogeny, being the
stem group for several biggest and recently important insect orders. Recently, scorpionflies are a small and
relict order divided into nine families, while 40 families were described from fossil scorpionflies. Their
greatest diversity is recorded in the Middle Mesozoic ("200-150 Ma), when they reached their main
radiation. Thus, Mecoptera is a group of species of the highest scale of extinction among holometabolous
insects.

Investigations of the scorpionflies preserved in fossil resins significantly enlarge our knowledge
about morphology and diversity of their past fauna. Such inclusions with entire bodies preserved three-
dimensionally offer a fascinating chance of seeing insects with the accuracy of living forms. Till now such
inclusions were known only from Baltic amber dated between 40-50 Ma. Altogether 12 species classified
into three modern families of Mecoptera were described from this Cenozoic resin. Before the year 2005
Mesozoic scorpionflies were known only from compressions or impressions mostly of wings in sediments.
Recently thanks to the access to new fossils mainly in fossil resin from Myanmar (Burmese amber), we got
great chance of studying the mid-Cretaceous inclusions containing entire bodies. This epoch saw the final
stage of the highest diversity of scorpionflies. To date six species of Mecoptera belonged to three families
from Burmese amber were described, among them Pseudopolycentropodidae, which are the only extinct
family of the Mecoptera and are of great importance for evolution of this order.

Abundant new inclusions which are studied by the Polish team will bring new species both from
above mentioned families as well as new taxa of yet unknown taxonomical status. The Cretaceous
inclusions offer a fascinating opportunity of investigation of all morphological details of ancient Mecoptera
and promise a breakthrough in our knowledge of their diversity and evolution.
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The Amphiesmenopteran fossils from Asia offering
important information for the early evolution of this
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Amphiesmenoptera is composed of two modern orders, Lepidoptera and Trichoptera. However, it
is still questionable when these two groups diverged from each other because of poor fossil record. In
recent years, we reported a series of lepidopteran and trichopteran species in Mesozoic sediments from
Asia, including 6 genera 11 species of Trichoptera (referring to Vitimotauliidae, Rhyacophilidae,
Philopotamidae, Hydrobiosidae and Necrotaulidae), and 12 genera 17 species of Lepidoptera (referring to
Eolepidopterigidae, Mesokristenseniidae, Ascololepidopterigidae and Micropterigidae). These studies give
important information of the origin, early evolution, palaeogeography, and paleoecological implications of
these groups. The studies on necrotauliid specimens show their male genitalia with harpagones, a
synapomorphy of Trichoptera. They also share some characters with Integripalpia on maxillary palps and
forewings, indicating Necrotauliidae is probably a stem-group of Integripalpia rather than
amphiesmenopteran. The diversity of late Middle Jurassic lepidopterans supports a conclusion that the
Lepidoptera?Trichoptera divergence occurred by the Early Jurassic. Cretaceous moths (Lepidoptera:
Micropterigidae) with preserved scales from Myanmar amber support that scales have developed various
types and shapes by the Cretaceous.
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Hymenoptera in Burmese amber: new families and a
review of the fauna
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The Burmese amber assemblage is now the richest for Hymenoptera in the Cretaceous, the number
of described species of Hymenoptera is soared to 93 until September 2017. The collections of Burmite
(Burmese amber) from the Hukawng Valley in NIGPAS were examined, the diversity of Burmite inclusions is
very high and many new families were found. There are about 12800 insect amber pieces registered by our
research team containing approximately one hundred thousand insects. A total of 1774 hymenopteran
inclusions has been recorded from 1409 amber pieces. The data show presence of 46 hymenopteran
families which give a considerable addition to any other lists. In this list, our records new for the Burmese
amber are Anaxyelidae, Burmorussoidea, Myanmarinidae, Radiophronidae, Trigonalyidae (?),
Peleserphidae, Roproniidae, Austroniidae, Sclerogibbidae, Angarosphecidae, Burmusculidae and possibly
Mymarommatoidea fam.nov.? (undescribed). These add five transitional families (Anaxyelidae,
Roproniidae, Austroniidae, Sclerogibbidae and Angarosphecidae), five endemics (Burmorussoidea,
Myanmarinidae, Peleserphidae, Burmusculidae and possibly undescribed Mymarommatoidea fam.nov.?),
and one the youngest fossil record (Radiophronidae). The Burmese hymenopteran assemblage shows the
highest diversity (46 families) among all fossil assemblages except the Baltic amber one (55 families). This
rich Cretaceous fauna coupled with the unusual concentration of endemics suggest a kind of exclusiveness
in the biogeographic position of the respective source territory which undoubtedly deserves special study.
On this occasion, the Hymenoptera fauna of Burmese amber is revised.
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Brachyceran flies in mid-Cretaceous Burmese
amber: diversity and ecological significance
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The Diptera (true flies) is one of the most species-abundant orders of Insecta, and they are certainly
one of the most ecologically ubiquitous and significant orders of insects. Dipteran fossils are quite abundant
in the Mesozoic, especially in the Late Jurassic and Early Cretaceous. Mid-Cretaceous Burmese amber yields
abundant insect inclusions including dipterans. The three-dimensionally preserved insects in Burmese
amber provide excellent medium to compare fossils with modern ones. Till now, at least 18 families of
basal brachyceran flies have been found in Burmese amber, including the extinct long proboscis flower-
visiting Zhangsolvidae, needle-shaped ovipositor endoparasitoid Eremochaetidae, enigmatic family
Rhagionemestrinidae and nowadays predominant flower-visiting flies Bombyliidae. Bombyliidae (bee flies)
are a large family with more than 4, 000 species described, and they are major pollinators, all their larvae
are predators or parasitoids of arthropods. Fossil records of bee flies are quite patchy, with little knowledge
about their early evolution. Remarkably, Burmese amber illustrates a quite high diversity of bee flies in mid-
Cretaceous. In conclusion, these brachyceran groups of Burmese amber played an important role in the
origin of co-evolutionary relationships with basal angiosperms. Moreover, the rise of angiosperms not only
improved the diversity of flower-visiting flies, but also advanced the turnover and evolution of other
specialized flies.
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Bristletails from Myanmar amber provide
phylogenetic insight into the evolution of
Archaeognatha (Insect)
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Archaeognatha, commonly called jumping bristletails, are the sister group of all other insects. Fossil
species of Archaeognatha are known from the Devonian to recent. Based on fifteen Archaeognatha
specimens from Myanmar amber, two new genera and four species, Cretaceomachilis longa Zhang et al.
2017, Unimeinertellus abundus Zhang et al. 2017, U. bellus Zhang et al. 2017 and Nullmeinertellus wenxuani
Zhang et al. 2017, are described.

Phylogenetic relationships within Archaeognatha have been discussed in several studies. However,
the phylogenetic positions of the 'paleo-types', and the monophyly of Machilidae and their subfamilies, are
still controversial. Herein we present a phylogeny of Archaeognatha. We sampled a total of 26 terminal
species, comprising 24 ingroups (18 extant species and 6 fossil species) and 2 outgroups. Phylogeny is
reconstructed by employing two phylogenetic methods: 1) maximum parsimony using morphology data, 2)
bayesian inference using morphology and DNA sequence data (total evidence). Finally, we reach the
following conclusions: 1) Meinertellidae are a monophyletic group; 2) Machilidae are probably a
paraphyletic group, but Machilidae excluding Ditrigoniophthalmus and Petrobiellus form a clade; 3)
Charimachilis, Mesomachilis and Turquimachilis are nested within Machilidae; 4) The monophylies of
Machilinae and Petrobiinae are poorly resolved.

The oldest known meinertellid is from Lebanese amber. Lebanon is considered to be in a
northeastern position in the Gondwana continent during the Early Cretaceous, which suggests a
Gondwanan origin for the Meinertellidae. We also applied two approaches for inferring the origin of
Meinertellidae. First, we used parsimony ancestral state reconstruction implemented in Mesquite. Second,
we used a dispersal-vicariance (DIVA) optimization model implemented in the programme RASP2.0 Beta
with default settings. The phylogenetic tree based on total-evidence obtained from Bayesian analysis was
used for biogeographical analysis. Combining these two biogeographical analyses, the possibility of a
Gondwanan origin of Meinertellidae is proposed.
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Recently, two Konservat - and Konzentrat -lagerstdtten fossil plant assemblages have been
reported from the Envigne valley, Vienne, western France. Thousands of stem fragments were collected,
and they consist of the tree fern Tempskya, and at least five conifers and seven angiosperms. In many
known localities of Cretaceous fossil wood, only this latter tissue is conserved, the other stem tissues
having been eliminated during both the degradation and fossilization process. There, the majority of them
(medulla, wood and liber) are preserved very exquisitely in many specimens, particularly in some of which
belonging to angiosperms. The wood of angiosperms show a great histological diversity for many features
concerning the size of the vessels, the perforations, the vessel and ray pits, and the axial parenchyma
arrangement. The ray features are more homogeneous (type of cells composing the ray, seriation) as well
as the presence of thyllosis that appears frequent in the majority of the taxa. The presence of several
specimens of each type of wood makes possible to comprehend intraspecific variability. In addition to these
typical heteroxylous angiosperms, numerous specimens show a vesselless angiosperm, and they probably
belong to Winteraceae. The very broad conformation of its rays may indicate a liana habit. Most specimens
attributed to the other angiosperm taxa show a relatively small stem diameter compared to many
coniferous specimens suggesting that they were smaller plants and most probably had a shrub habit rather
than tree habit. The in-depth study of these two new deposits is particularly promising in the
understanding of 1) Cenomanian forest ecosystems (diversity of taxa, size, habit), and, 2) the evolution of
angiosperm histological features not only for wood but also for more less-known tissues as medulla and
liber.
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The Icacinaceae Miers is a family of trees, shrubs and lianas with an extant pantropical distribution.
This group is well known in the fossil record from the Paleocene and Eocene, particularly in the Northern
Hemisphere, although fossil evidence from the Southern Hemisphere has recently been increased. In the
Paris Basin Icacinaceae are represented by numerous fossil endocarps from five main localities. Among
these, two sites in Oise, Rivecourt (late Thanetian) and Le Quesnoy (early Ypresian) are geographically and
temporally very close. The PaleoceneEocene thermal maximum (PETM) event occurs (temporally) between
these two fossil outcrops. Thus, the study of the Icacinaceae fossils in those localities provides a good
opportunity to elucidate the impact of the PETM on this family in the Paris Basin.

Based on 266 fossil specimens attributed to Icacinaceae, from the five Paris Basin localities, we
conducted detailed anatomical (using SEM) and morphological studies. The fossil remains are mainly lignitic
endocarps, but other endocarps preserved as quartzite sandstone imprints, as well as flowers and pollen
preserved in amber have been studied.

This study allows the distinction of twelve species from only one extant genus (/odes Blume) and
three extinct genera (Palaeophytocrene Reid and Chandler, Icacinanthium Del Rio & De Franceschi and
Icacinicarytes Pigg, Manchester & Devore). This diversity within the Paris Basin is comparable to other
major Palaeogene outcrops such as the London Clay or the Clarno Formation.

All species are related to tropical climber groups. The climbers are abundant in the riverbanks or
channels and thus the representation of only climbers of this family could be a taphonomic bias. In this
context, the overall ancient Icacinaceae diversity could be underestimated. Among Icacinaceae fossils from
the Paris Basin, there are some evidences of affinities with extant IndoMalaysian vegetation, which seems
to be a relict area of wider Paleocene and Eocene Eurasian vegetation. No clear extinction is shown through
the PETM, but a floral enrichment across the PETM is demonstrated, in particular with a new lodes form in
the early Eocene, possibly part of incoming new floral assemblages that arrived together with new faunal
elements.
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The past 25 years of paleobotanical studies on the Lower Cretaceous (Albian) Escucha and Utrillas
Formations of Teruel province (northeastern Spain) have yielded the most complete and diverse macroand
microfloral assemblages of this age known to date in southwestern Eurasia, and they have contributed to a
more comprehensive view of the evolutionary diversification and dispersal of early angiosperms during
mid-Cretaceous times.

Sediments of the Escucha Formation (early-middle Albian), interpreted as deposited in a tidally
influenced fluvial system, have provided an important angiosperm leaf record of lines related to the basal
eudicot family Platanaceae (Sapindopsis turolensis, Eoplatanus), plus leaves of chloranthaceous affinities.
Microfloral remains also include typically eudicotyledonous tricolpate pollen grains with foveolate,
reticulate, and striate sculpture (Phimopollenites, Rousea, Striatopollis, and Tricolpites), with the
dominance of monosulcate pollen grains representing basal angiosperm lines of uncertain affinities
(Dichastopollenites, Jusinghipollis, Pennipollis, Retimonocolpites, and Transitoripollis), as well as taxa with
more definite relationships to Chloranthaceae (Clavatipollenites and Hammenia) and monocotyledons
(Liliacidites).

The uppermost part of the Utrillas Formation (latest Albian), which consists of fluvial and lacustrine
sediments deposited on a tidally influenced coastal plain, yields several paleobotanical assemblages
containing many elements shared with North America and others suggesting a northward extension of
Northern Gondwanan taxa during this time. Key pollen taxa include Afropollis jardinus, Senectotetradites
varireticulatus, and Stellatopollis barghoornii. Macrofloras are dominated by leaves of both terrestrial and
aquatic angiosperms, representing probable Nymphaeales (genera Ploufolia and Aquatifolia),
Nelumbonaceae, possible Ranunculales (Klitzschophyllites), Platanaceae (a more derived species of
Sapindopsis), and an unexpected diversity of monocots, including both a leaf and inflorescences of the
near-basal family Araceae.
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The name Magnoliidae was originally used for the whole basal paraphyletic grade of angiosperms
other than monocots and eudicots, but it is now restricted to the largest clade in this grade. Phylogenetic
analyses of the position of Cretaceous fossils in molecular trees clarify the timing of diversification of
Magnoliidae and provide insights on character evolution, biogeography, and ecology. The oldest confirmed
Magnoliales are Endressinia and Schenkeriphyllum from the late Aptian of Brazil. Our earlier analysis
associated Endressinia with a clade of four basically Gondwanan families united by inner staminodes, but
reanalysis associates both fossils with Magnoliaceae. This implies that the magnoliaceous line originally had
inner staminodes (lost in crown Magnoliaceae) and included Gondwanan plants adapted to more arid
conditions than modern Magnoliales. Archaeanthus, from near the Albian-Cenomanian boundary in Kansas,
had flowers essentially like modern Magnoliaceae; it was recently placed in crown group Magnoliaceae, but
the evidence for this is problematic. Futabanthus, from the Coniacian of Japan, is a near-basal crown group
member of Annonaceae, the largest living family of Magnoliales. The middle Albian flower Virginianthus
appears to be nested just above the base of Laurales; it shows that reticulate monosulcate pollen, variously
modified in living Laurales, was retained into the early radiation of the order. Mauldinia, from near the
Albian-Cenomanian boundary, had more derived trimerous, unicarpellate flowers like those of Lauraceae,
another large tropical family. However, it is most likely a stem relative of both Lauraceae and the more
derived family Hernandiaceae, not a member of crown Lauraceae. An increasing number of flowers
representing intermediate levels in Laurales have been described from the Albian. Canellales, which include
the vesselless austral family Winteraceae, are represented by monoporate pollen tetrads in the late
Barremian of Gabon and similar Aptian-Albian tetrads with sculpture more like that of modern
Winteraceae. The much larger (semi)herbaceous sister order Piperales has had a poorer record, but
Hexagyne from the late Aptian of Brazil confirms its predicted early presence. These results imply that
Magnoliidae began to diversify earlier than eudicots but continued to radiate alongside them and included
some of the first locally dominant angiosperms.
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The most comprehensive approach for obtaining the best estimate of the true phylogeny of land plants
is an analysis combining extant morphological and molecular information with morphological fossil data sets.
Although most fossil information is incomplete due to the tendency for plants to become disarticulated into
separate organs, and inherent limitations in preservation, phylogenetic analysis requires the most detailed
description of fossil characters possible. Exceptional preservation allows for more accurate assumptions of
synapomorphies. Glossopterids are extinct gymnosperms representing the dominant plant associated with the
biota of the Permian Gondwana supercontinent. They have been also considered one of the possible ancestral
lineages leading to the angiosperms. We present a new interpretation of glossopterid reproductive organs based
on anatomically preserved megaand microsporangiate organs from the Upper Permian strata of the Bowen
Basin of Homevale, Queensland, Australia. Because of their exceptional preservation, these fossils provide
evidence that allows for a more accurate understanding of the glossopterid reproductive organs.

Both megaand microsporangiate organs from Homevale are reproductive shoots consisting of a series of
helically arranged vegetative leaves and distally formed reproductive units borne on the shoot axis. The
megasporangiate unit consists of a vegetative leaf similar to Glossopteris homevalensis and several small
megasporophylls attached to its adaxial surface. Each megasporophyll has an adaxial surface facing the
vegetative leaf, and is adaxially infolded to enclose several tiny ovules. This megasporophyll unit might be
compared to the angiosperm outer integument. The microsporangiate unit is composed of a vegetative leaf
bearing a pair of microsporangiate axes. Both axes branch several times and bear terminal microsporangia. Of
particular significance is the absence of an axillary bud, or comparable structure in axils of leaves in the studied
reproductive shoots. The leaf bearing multiple microsporangiate axes on the adaxial side in two rows is
morphologically comparable to the hypothesized angiosperm ”primitive” stamen, a lamina with two rows of
microsporangiate sporangia on the adaxial side. A case can be made that the Homevale glossopterid organs are
most comparable to the angiosperm carpels and stamens, providing an example of extinct seed plant
morphologies that could be one of assumed ancestral forms genetically transformable to the angiosperm carpel
and stamen.
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The savanna biome today occupies about "50% of the African land surface. Savannas are characterized
by a continuous grass substratum, which feeds zebras, rhinos, and a variety of bovids, all known for possessing
tooth morphologies adapted to withstanding abrasive grasses and soil particles ingested with them. We seek to
document the history of savannas (i.e., the ecological dominance of grasses, in the family Poaceae) in the
geologic past of Africa, in order to elucidate factors that may have triggered their expansion in this part of the
world. On other continents, pollen and grass silica remains (phytoliths) indicate that the first grass- dominated
habitats appeared asynchronously during the Oligocene to Pliocene epochs. In East Africa, paleobotanical data
(macrofossils, palynofloras), functional morphology of fossil faunas, and carbon isotope ratios suggest that grass-
dominated vegetation started expanding at the expense of forests during the early/mid-Miocene, but likely not
until 21 Ma. To test this hypothesis, we have conducted phytolith analyses on several deposits the Chilga (ca 28-
27 Ma) and Mush Valley (ca 22 Ma) localities on the Ethiopian Plateau, which are dated from before grass-
dominated vegetation is thought to have spread in East Africa. Our new phytolith data support the existence of
forested environments at these two localities, regardless of their different taxonomic composition. Diagnostic
grass silica bodies make up < 25% of the total sum of diagnostic phytoliths, indicating that grasses were present,
but not abundant in vegetation overall. Among these grasses, C3 taxa related to forest-dwelling early diverging
lineages and/or the Bambusoideae subfamily were present in grass communities at Chilga, whereas these same
lineages seemed to have likely co-existed with representatives of the cool temperature-adapted Pooideae
subfamily at Mush. Furthermore, high percentages of non-diagnostic grass phytoliths (silicified bulliform cells,
trichomes) in a few samples from both localities, but especially Chilga, suggest variations in evapotranspiration
or water supply either caused by seasonal climate and/or by repeated or persistent underwater conditions. Our
results add to the previous interpretation of Chilga and Mush as forests by showing that grasses existed in the
understory or in forest openings. More broadly, our results are consistent with the hypothesis that significant
grass expansion in East African environments did not take place until after 21.73 Ma.
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South Africa is renowned for its unparalleled collections of seed bearing structures of the wide-
spread Gondwanan fossil plant taxon, Glossopteris. These have been collected from either lower Permian
coal-associated deposits (Artinskian) in the north-eastern Main Karoo Basin (MKB), or late Permian
(Lopingian) localities in the eastern parts of the country. Two new localities near Sutherland in the southern
MKB, have yielded an exceptional flora in association with an unprecedented abundance of insect fossils,
and represent the first conclusively dated middle Permian fossil plant sites in South Africa. A Guadalupian
(Roadian) age has been determined through proximity to dated ashes, vertebrate biostratigraphy and
stratigraphic correlations. In addition to a low diversity of Glossopteris leaf species, a new species of
Lidgettonia has been identified, along with the first record of Squamella, the pollenate cone of Glossopteris,
outside of Australia. To date, Lidgettonia has only been found in the late Permian of KwaZuluNatal and at
one site in the Eastern Cape. This occurrence expands the temporal range of this fertile organ into the
middle Permian, and provides an exciting glimpse of a plesiomorphic form of the genus. Lidgettonia taxa
comprise a scale leaf with one to three pairs of campanulate organs, each homologous with the larger
dictyopteridiacean forms typically found attached singly to a Glossopteris leaf. The scale leaves lack a
midrib, have flabellate venation and are coriaceous. The new taxon from Sutherland is approximately 30%
larger than previously recognised forms, and up to eight pairs of large cupules are attached to the extended
pedicel of the scale. The scale leaves have a well-developed midrib and venation that more closely
resembles that of a vegetative leaf than a typical scale, forming a narrow morphological continuum with
associated Glossopteris leaves. To inform our taxonomic decisions, detailed morphometric analysis were
performed on the scale leaves, attached seeds and cupules. This form represents an evolutionary link
between the Dictyopteridiaceae and the Lidgettoniaceae that has been long hypothesised, with the
reduction of fructification size coincident with an increase in number of fructifications per Glossopteris leaf,
with the subtending leaf closer in morphology to a vegetative leaf than the highly reduced scale typical of
more derived species.
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Molecular phylogenetic analysis of the timing of embryophyte origins now places the origin of land
plants by middle Cambrian time. While this does correspond to the earliest record of spore-like remains,
cryptospores sensu lato, such a date is at odds with the record of macroscopic plant remains, which are not
found in strata older than the Wenlock Series. One possible explanation of this discrepancy is to consider
the mid-Cambrian to mid-Silurian interval as the time of the assembly of the embryophyte developmental
toolkit from an evolving complex of aeroterrestrial, streptophyte algae. The morphological manifestation of
this process was envisioned by Bower as the antithetic origin of the land plant sporophyte. Bower predicted
that sporogenous tissues evolved prior to vegetative tissues during the evolutionary assembly of an
evolving plant sporophyte. When viewed in this way, Cambrian cryptospores demarcate the initial stages of
an evolving streptophyte algal complex. Meiotic sporogenesis was canalized by the Darriwilian, and spore
tetrads from this time were probably produced in a unilocular sporangium which possessed a tapetum. The
origin of callose corresponds to the time at which free trilete spores become common during the
Llandovery. Nematoclasts and cuticles become common during the Llandovery-Wenlock interval.
Paleobotanists currently view these fragmentary fossils as fungal, but their stratigraphic distribution as
documented in Laurentian and Avalonian terrains are a good fit to the sporophyte-assembly model
proposed here. The origin of the embryophytes represents the origin of complex multicellularity in a
subaerial photosynthetic eukaryote lineage. This was achieved, not as a singularity in geologic time, but
rather as a serial genomic assembly that was underway by the mid-Cambrian and was finished by the end
of the Silurian.
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There used to be some controversies over angiosperm evolution at the beginning of the 20th
century. But such controversies were later replaced by the academic silence and constant favor over Arber
and Parkin’s (1907) hypothesis, which was claimed favored by fossil evidence of Bennettitales. There has
been evidence favoring this hypothesis popping up in various fields of botany. According to this hypothesis,
flowers with numerous helically arranged free parts, conduplicate carpels without obvious style but with
adaxially inserted bitegmic ovules (just as seen in Magnolia) are the most ancestral among angiosperms. On
the contrary, syncarpous gynoecium with few parts and inferior ovary are derived and should occur much
later in the history of angiosperms. A fossil plant recently recovered from the Lower Jurassic of China,
Nanjinganthus, has syncarpous gynoecium with 4-5 perianth parts, inferior ovary, and dendroidformed
style. Such a plant is apparently at the odds with and undermining the traditional theory of angiosperm
evolution. With this information in mind, it appears necessary to re-examine the former evidence favoring
Arber and Parkin’s hypothesis. First, Parkin (1925) admitted that there was no fossil evidence supporting
their hypothesis. Second, the morphological and anatomic evidence of Magnoliaceae favoring the
traditional theory documented by Canright (1960) was artificially manipulated and mis-presented. Third,
early fossil angiosperms including Archaeanthus (Dilcher and Crane, 1984) and Archaefructus (Sun et al.,
1998, 2002) were both mis-interpreted to favor the traditional theory. Fourth, the claimed two
integuments in a Cretaceous angiosperm Monetianthus (Friis et al. 2009), just as expected by the
traditional theory, did not exist. Therefore the truthful support from fossils for the traditional theory
actually did NOT exist. Fifth, more importantly, a new study indicates that the carpels in Michelia are
actually composite organs derived from former branches and leaves (Zhang et al. 2017). Sixth, most
important, more than twenty years ago, functional gene study on Arabidopsis (Roe et al., 1997) indicates
that ovules are borne on branches (not on the margins of any foliar parts as assumed by the traditional
theory) and gynoecium is composed of two different parts that are developmentally controlled by two
distinct sets of genes. Obviously, the traditional theory of angiosperm evolution and systematics is doomed
to fail from the very beginning, and its collapsing is accelerated by increasing emerging evidence. Misled by
this theory, botanists remain perplexed by the mystery of origin of angiosperms. Now, with new fossil
evidence, it is necessary to refresh our perspective on angiosperm evolution.
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The Jurassic flora of Nestares Formation, Neuquen
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Palaeofloristic assemblages from the Jurassic were shaped by the Late Triassic extinction, which led
to the loss of dominance of the corystosperms in Gondwana, and the replacement of the floristic
components in this region. During the Jurassic Period, Southern South America was in a warm temperate
biome. Early Jurassic floras from Argentina were dominated by conifers, bennettitaleans and ferns in a
relatively homogeneous flora, described from Mendoza to Antarctica. The Neuquén Basin developed from
the Jurassic to the Early Cretaceous as one of the major sedimentological basins of the Mesozoic of
Argentina, with economic importance by the exploitation of hydrocarbons. The Nestares Formation is on
the southern margin of the Neuquén Basin. The age of the Nestares Formation is in dispute between the
megafloristic and palynological records, with a Sinemurian age proposed by biostratigraphic correlation
with other local, dated units, against a Toarcian age based in the development of the dinoflagellates. In this
contribution we report for the first time for the Nestares Formation several fossil plants. We add
Cycadolepis Saporta, Cladophlebis antarctica Halle, Dicroidium Gothan, Komlopteris Barbacka,
Pagiophyllum Heer, Taeniopteris Brongniart, and Nododendron Artabe and Zamuner, to the previously
described flora. The material is preserved as compressions with a good preservation of cuticles, which allow
us to study the stomatal density of the conifer and bennettitaleans leaves, leading us to add information to
the global studies about paleoclimates in this period. These descriptions result also in a more up-to-date
palaeobiological knowledge of the present paleofloristic elements, and a better paleoecological
characterization of the unit. The presence of taxa related to the older Triassic floras such as Dicroidium
support the Lower Jurassic age of the Nestares Formation, but for the moment the floristic record does not
resolve by itself the age dispute. Likewise, the floristic similarities between the Lower Jurassic floras of
Argentina and Antarctica are reaffirmed.
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Due to their geology, isolation and relatively recent human colonization, oceanic Islands have been,
since Darwin and Wallace’s proposal of the evolution by natural selection, the ideal sites to observe and
study ecological and evolutionary processes. Although these islands were recently settled, the rapid
anthropogenic modification and the relatively late scientific description of the biodiversity and neoecology,
can mislead to what was the original vegetation encountered by the first settlers. However, from a
palaeontological point of view, the recurrence of volcanic events in active islands means that insular biotas
can be exposed to destructive but taphonomical important events. In Faial Island (Azores archipelago,
Portugal, central North Atlantic), numerous localities bearing leaf fossils, charcoal and palaeosols are
known since mid-20th century. These remains were mainly used for radiocarbon dating but were seldom
studied from a palaeobotanical and palynological perspective. Here we report the exploration of a
palaeobotanical and paleopalynological record found within a sequence of 12 sub-plinian and
phreatomagmatic trachyte eruptions younger than 16 ka BP, with special attention to a 1200 yr BP event
that covered Faial Island and their palaeovegetation, from sea level to mountain top. A total of 41
charcoalified and unaltered trunks and 27 palaeosols and sediments were sampled from elevations ranging
from 22 m to 977 m a.s.l. Two localities containing leaf beds were also explored. Our preliminary results
reveal six wood morphotypes, including cf. Erica, Picconia sp., cf. Laurus, cf. Morella faya, and an
unidentified morphotype. Leaf beds showed the presence of fern fragments and lauroid leaves associated
with an ash fall tuff. Palynological records from palaeosols and sediments are still under investigation, but
preliminary results indicate differential preservation within palaeosols, with higher altitude palaeosols
showing well preserved palynoflora, while lower altitude presents poorly preserved palynofloras. Further
investigations will contribute decisively to elucidate the palaeovegetation cover of Faial Island and test it
against neoecological data.
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Recently, new localities yielding terrestrial vertebrate fossils were successively discovered from
various geological provinces of Japan. Among them, the Mifune Group is one of the most representative
dinosaur localities for the Upper Cretaceous of Southwest Japan. The Mifune Group is divided into the
Basal, Lower and Upper formations in ascending order. It contains offshore, deltaic and fluvio-lacustrine
freshwater deposits with more than 2,000 m thick in total and its age is estimated as the Cenomanian to
Campanian. We took sediments from all three formations of the group and performed a palynological
analysis to reconstruct the paleoenvironments as well as to understand comprehensively the
paleovegetation that sustained the biota. Very few research existed about plant fossils of the Mifune Group
until this report except for a short report on fossil leaves discovered from the Upper Formation. In addition,
few palynofloral studies were conducted in the Upper Cretaceous of Southwest Japan, while some data are
available for those in Central and North Japan. We previously reported well-preserved palynofloras from
the late Albian Sasayama Group of Hyogo Prefecture and from the mid-Campanian Mitsuse Formation of
Nagasaki Prefecture in Southwest Japan. The present report on palynofloras from the Mifune Group thus
allows to fill this gap for the first time. We could obtain a wide array of palynomorphs from the three
formations, composed of spores, gymnosperm and angiosperm pollens, fungi, freshwater algae,
dinoflagellates and foraminifers. Gymnosperm pollen is particularly abundant whereas angiosperm pollen is
scarce, but we could observe some grains with affinities to magnoliids and palms, among others. This poor
diversity of angiosperms in the Mifune Group is markedly different from the Yezo Group of Hokkaido and
other areas of North Japan during the same period which yield abundant and diverse angiosperm pollens.
This difference would support the hypothesis that the diversification rate of angiosperms was slowed down
in dry regions. From the composition of the palynological assemblage, we could confirm the age of the
formations. Moreover, by adding these new data to the existing palynological reports, we could also
confirm that a warm climate basically prevailed in Japan during the Albian to Campanian period, which was
however drier in Southwest Japan than in North Japan but with probably an increase in humidity from the
Santonian.
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Fagaceae is one of the largest and most economically important groups within the order Fagales
with about 927 species, and is widely distributed in temperate, subtropical and tropical regions of both the
northern and southern hemispheres. Cretaceous fossils assigned to Fagaceae have been considered
unreliable. The earliest confirmed megafossil record of the family is a pistillate inflorescence and dispersed
fruits of the subfamily Castaneoideae and trigonobalanoids from the Paleocene/Eocene boundary of
western Tennessee, USA. During the Cenozoic, Fagaceae fossils have been widely distributed in the
northern hemisphere, especially in East Asia. In this study, the diversity of Fagaceae from Plaeogene
sediments are investigated. 28 species in 5 genera (including Berryophyllum, Castaneophyllum, Castanopsis,
Lithocarpus and Quercus) of the Paleogene Fagaceae fossils recovered from South China are described in
details, including leaves, woods and mummified acorns. Molecular data shows that Fagaceae had an
estimated origin at 59.5 (50.6-66.1) million years ago (Ma), and diversified before Paleocene-Eocene
boundary at 56.4 (50.5-63.2) Ma. The present fossils of discovered from South China support the above
estimation, indicating that the family have been distributed in the lowest latitude of subtropical to tropical
regions at least by the Paleogene. Moreover, the modern Fagaceae is tropical to subtropical distribution.
According to the fossil records of the five genera in Fagaceae and the living environment of their nearest
living relatives, we speculate that the climate of the tropical to subtropical of South China is warm and wet
during the Eocene, which is adaptable for the growing of Fagaceae, especially that the tropical elements,
Quercus subg. Cyclobalanopsis, are well-developed and highly differentiated during that time.
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The well-preserved herbaceous angiosperms were found last summer in the Lower Cretaceous
deposits of the Frenzevka Formation, southern Primorye, Far East of Russia. Locality Bolshoy Kuvshin is
situated on the coast of Ussuri Bay on the Bolshoy Kuvshin Cape near the Bolshoy Kamen town. The
geological age of the plant-bearing bed is determined to be early-middle Albian in age. Angiosperm
assemblage includes six species: Achaenocarpites capitellatus Krassilov et Volynets, Ternaricarpites
floribundus Krassilov et Volynets, Jixia pinnatipartita Guo et Sun, Asiatifolium elegans Sun, Guo et Zheng
and two new undetermined species. The most part of specimens are represented by fragments of
branching stems with attached leaves or fruits or by almost complete plants. Two species (Jixia
pinnatipartita and Asiatifolium elegans) are common with angiosperm assemblage from the Chengzihe
Formation (eastern Heilongjiang, China). Angiosperm remains are accompanied by fern Onychiopsis
psilotoides, which is represented by almost whole young plants. The fossil plants were buried during one
flooding event and very closely to their growth place. They formed pioneer open herbaceous community,
consisting from fern and angiosperms with predominance of latter and adapted to colonize fresh sediments
in periodically flooded areas.
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Recent study of samples from borehole KH-5/1 has allowed an assessment of the duration of the
hiatus associated with the so-called Hercynian unconformity (also known as the ‘Late Carboniferous
unconformity’ or ‘pre-Unayzah unconformity’) in western Irag. KH-5/1 was drilled as a deep water well and
fully cored to TD at 1620m. The well section spans the unconformity at 670m depth with the Raha
Formation below and the Ga’ara Formation above. The unconformity appears to be associated with non-
deposition or erosion of rocks corresponding approximately in age to part of the Serpukhovian and
Bashkirian (latest Mississippian to early Pennsylvanian), similar to the duration associated with the same
unconformity in well ST-8 situated to the south of KH-5/1 in northern Saudi Arabia. The Ga’ara Formation
assemblages above the unconformity in KH-5/1 are similar in character to those described from 4620 to
4200 feet in ST-8. The age of these assemblages in both KH-5/1 and ST-8 is considered in this paper to be
Westphalian. The composition of the Ga’ara Formation assemblages in KH-5/1 also shows some similarity
to glacigene post-unconformity beds of the 2165 Biozone of the Al Khlata Formation of Oman.
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A new species Ufadendron elongatum sp. nov., placed in the family Tomiodendraceae Naugolnykh,
represented by two well-preserved stems in the collection under study, was recently discovered from the
Upper Permian Linxi Formation at the Jalaid locality in Inner Mongolia, China. The genus Ufadendron is
characterized as leaf cushion long fusiform, with infrafoliar bladder, wings and heel well developed, leaf
scar small and rounded, containing a central pointlike scar. The new species is different from the type
species U. ufaense (Naugolnykh 2014) from the Lower Permian of the Cis-Urals, western limits of
Angaraland, in the leaf cushion elongated and the heel marked. Interestingly, a large helical tracheid is
occupied at the middle of central point-like scar. Ufadendron is very similar to Angarophloios in its
infrafoliar bladder as well as wings and heel, but the former develops leaf scar with a central point-like scar
containing conductive tissues, at the upper part of leaf cushion, while the latter only shows leaf base buried
the matrix. So far, only 4 genera of Angaran elements of lycopsids have been discovered in the region
geographically belonging to Angaran Phytogeoprovince in China. Lycopsids from the Euramerican
phytogeoprovince with the most complicated leaf cushions and leaf scars infer that the Euramerican
phytogeoprovince, which was located in the tropical continent, is the most suitable area for the
development of lycopsids. Lycopsids from the Angaran and Gondwanan phytogeoprovince represent those
plants from the temperate continent regions of North and South Hemispheres, respectively. They are
similar in the absence of ligule for some taxa, implying that those plants did not develop very well in
temperate continent regions because the leaf cushions of lycopsids from the tropical regions, i.e. the
Euramerican and Cathaysian phytogeoprovinces, are more complicated. The new species U. elongatum not
only enlarges our knowledge on taxonomy of Tomiodendraceae lycopsids, and also provides an opportunity
to understand the difference between Angaran and Cathaysian floras in paleoclimatic, paleoenvironmental,
and paleophytogeographic context.
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The Paleocene was a globally warm period marked by several climatic variations. The most famous
one is the abrupt warming event at the Paleocene-Eocene boundary, known as the PETM. Variations of the
climate from middle to late Paleocene are comparatively less well documented, especially at middle
latitudes. In this study, we analysed two famous fossil leaf assemblages, described during the 19th and 20th
centuries by Saporta and Mai, namely Gelinden (Selandian, Belgium) and Menat (Selandian, France), in
order to compare these two localities and to assess the continental paleoclimate for western Europe. Leaf
morphology was used to calculate main paleotemperature and paleoprecipitation variables, using the
Climate Leaf Analysis Multivariate Program (CLAMP) and the Climate Leaf Analysis with Neural Networks
(CLANN) approaches. Preliminary results indicate a moderately warm, humid and seasonal climate for both
localities. However, we observed some differences between the two approaches. CLANN leads to wider
temperature and precipitation ranges, and higher MAT for both Gelinden and Menat. This is particularly a
problem when the locality is outside of the model limits, and this approach might not be optimal for
ancient floras without modern analogues as this is the case for both localities. CLAMP results showed that
Gelinden paleoclimatic conditions were warmer and more humid as compared to Menat. According to the
Koppen-Geiger climate classification, Gelinden climate represents an intermediate between subtropical
humid climate (warm temperate without dry season climate) and Mediterranean-type climate (warm
temperate with dry season), while Menat would be more representative of the second type. Subtropical
humid climate is found nowadays for instance in China, in Southern Japan and in the southern part of North
America. In agreement with oceanic proxies, both fossil floras suggest subtropical to warm temperate
climates during the mid-Paleocene in western Europe.

' Speaker
! Corresponding author: melanie.tanrattana@edu.mnhn.fr

47



Keynote

Christian De muizon // When Nature is having fun: walrus-dolphins and aquatic sloths fom the
NEOZENE OF PEIU ..eiiiiiiiiie ettt ettt e e e et e e e e st te e e e e bteeeeebteeesenbaeeesansaaeesassaeesastaeesaseneasannes 50

Oral communications

Rémi Allemand et al. // Endocranial microtomographic study of marine reptiles (Plesiosauria and
Mosasauroidea) from the Turonian (Late Cretaceous) of Morocco: palaeobiological implications .....51

Irena Burek // Comparative cranial morphology of the Late Cretaceous Protostegid sea turtle
DESMATLOCREIYS JOWIi.......vveeeeiiee ettt et e ettt e e et e e e aae e e e e ata e e s e ateeeeennbaeeeestaeesenstaeeeenranas 52

Michael Caldwell // The fossil record of marine adapted snake lizards: origins, convergence, and

(1012 LeT == o USRS 53
Amber Coste et al. // Form, function, and phylogeny in Late Oligocene tusked dolphins from New

P =TT =1 Lo (PSP 54
Leonard Dewaele et al. // New insights in the evolution of true seals (Carnivora, Pinnipedia, Phocidae):

diversity and paleobiogEOZIAPNY ......cei it et e e aba e e e araeas 55
Marta Fernandez et al. // Late Jurassic ichthyosaurs from the Neuquén Basin (Central-West Argentina):

new insights into the phylogeny of the Ophthalmosauridae..........cccuvveeeiiiiiiciiiiee e, 56
Valentin Fischer et al. // Towards an adaptive landscape for short-necked plesiosaurians ........ccccccceveene... 57

Ewan Fordyce // An ancient beaked-whale mimic: a toothless presumed platanistoid dolphin from the
Otekaike Limestone (latest Oligocene), Hakataramea Valley, New Zealand..........ccccceeevieeeeciieecenneen. 58

Pavel Gol’din and Maia Bukhsianidze // Anatomy of Ferecetotherium kelloggi, the earliest crown-group
cetacean from the Oligocene Of CAUCASUS .......uuiiiiciiieecieee ettt e e e e e e e e e abe e e s earae e e eareeas 59

Marcela Gomez-Perez and Leslie Noé // Kronosaurus boyacensis, a Gondwanan marine mega-
predator, from the ‘Lower Cretaceous Gap’ Paja Formation Lagerstétte of Colombia, South
FAY 0 =T o ot TS 60

Camille Grohe et al. // The inner ear reveals patterns of adaptation to aquatic environment in
carnivoran mammals: seals, sea lions, fur seals and Walruses ........cccoeeviiiiiiiic, 61

Susana Gutarra Diaz et al. // Evolution of body plan and the hydrodynamic properties of ichthyosaurs......62
David Hocking et al. // The origins of forelimb-propelled swimming in pinnipeds ........ccccceevveeveeieeneesvecnens 63

Michela Johnson et al. //The diversity and radiation of Machimosaurini (Crocodylomorpha,
Thalattosuchia, Teleosauroidea) during the Middle Jurassic, and discussion on their
MOrphofunctional adaPtatioNs ..........cccuiiiiiciiie et e e e e e ra e e e e ta e e e e bae e e eesaeeaeas 64

Olivier Lambert et al. // A close relative of the Amazon river dolphin in marine deposits: a new Iniidae
from the [ate MIoceNe Of ANGOIa .......oeii i e e ear e e e 65

Fabrice Lihoreau et al. // A hippopotamoid adaptative suite: the case study of Bothriodon velaunum
(Cuvier, 1824) [Mammalia, Cetartiodactyla] from RONZON........ccccveiecuiieiiiieciee et 66

48



Jun Liu et al. // The earliest ichthyosaur from the middle Lower Triassic of Thailand ............cccccoeevveeieeennen. 67

Florian Martin et al. // The appendicular skeleton and the phylogenetic relationships among a
cetancodont lineage, the Hippopotamoidea .........cuuviiiiiiiiiiiiiiic e 68

Felix G. Marx et al. // Clinging to the shore: Oligocene whales of Australasia offer a rare insight into

cetacean pPalacobiogEOGIAPNY, ...ccccuiii i e e e e et e e e e are e e e naraeas 69
Travis Park and Natalie Cooper // Inner ear evolution in 0doNntoCetes........ccoueeecveieiieieiiee et 70
Marton Rabi // Iterative evolution of pelagization in s€a TUItIES ........cccocveieiiieeciie e 71

Rachel Racicot et al. // My head hertz: Hearing abilities in an early simocetid (Cetacea: Odontoceti) as
reconStructed fromM MICTOCT SCANS ...uvvveiiiiiiiiciitiee et e e eeertree e e e e e eeesarreeeeeeesessssabereeeeeeeessssrereseeesesassrnes 72

Rodolfo Salas-Gismondi et al. // Neotropical gavialoids: a case study to explore patterns of longirostry
([ g I ol e Tole T V] 1= Yo SRR 73

Antoine Verriére and J6rg Frobisch // Patterns of growth and ossification in the Early Permian clade
Mesosauridae (Sauropsida; Parareptilia)........coccveeeieciiie e 74

Mariana Viglino et al. // Fossil odontocetes from Patagonia (Argentina) as a key to understand their
evolutionary history during the still enigmatic early MioCENE, ......c.oeveeeiiiiiiciiiieeeee e, 75

Xue Wang et al. // A new species of Guizhouichthyosaurus (Ichthyosauria, Shastasauridae) from the
Ladinian (Middle Triassic) of Xingyi, Guizhou, southwestern China ........ccccceeeeeiveeeeeciiieeceireeee e 76

Mark Young et al. // The evolution of thalattosuchian crocodyliforms, neuroanatomical insights into the
[ETaTe B (o BT R (= (1 4 (o] VSRRSOt 77

Nikolay Zverkov and Vladimir Efimov // Reassessment of Undorosaurus Efimov, 1999, a mysterious
Late Jurassic ichthyosaur of the Boreal REalIM ........coccuviiiiiiiiii ittt e e e e e 78

Ashley Alexander et al. // Ecomorphotypes in the family Phocidae (true seals) supported by evidence
from other terrestrial and Maring VErtebrates .......coccuiiveeei e 79

Nathalie Bardet et al. // First Mosasauridae (Reptilia, Squamata) in the Late Campanian (latest
Cretaceous) of Savoie (Chartreuse Massif, French AlPS) .....ccccuveieeciiiii e e 80

Jun Chai et al. // The palaeoenvironmental characteristics of Xingyi Keichousaurus fauna ..........cccccoueene... 81

Marta Fernandez et al. // The radiation of baleen whales (Cetacea: Mysticeti): insights from the
Miocene record of Patagonia (ArZENTING).......cceeiiieeiieeeiie et eeee et e sre e e re e e sare e e baeebaeeenraeeanas 82

Alexandra Houssaye et al. // Uncommon vertebral histological and microanatomical features in
1 o] o1 (=] 4 ={ =10 OO S PT O RPPPRPPPPPPTN 83

Irina Koretsky and Sulman Rahmat // Origin and dispersal of true seals (Family Phocidae) based on
To=Y o T (o T | =1 T [T o ol USRS 84

Florencia Paolucci et al. // New insights on Diaphorocetus poucheti: a Physeteroidea (Cetacea,
Odontoceti) from the early Miocene of Patagonia (Argentina),........ccceeeeveeeieeesieesceeesiee e esereesvee s 85

Zuoyu Sun et al. // Integrated biochronology and age of the Middle Triassic Xingyi Fauna, South China......86

Peggy Vincent et al. // Plesiosaur remains associated with a rich marine fauna from the Albian of
SOUTNEASTEIN FranCe. . uuviiiiiieiie et ettt ettt ettt ettt e s be e s s abe e s be e sabaeesabeesabaeenabeesabaeessseesabaessseesabeesnns 87

Nikolay Zverkov et al. // Evolution and disparity of pliosaurid teeth and the influence of the Jurassic-
CretaceOoUS traNSITION . .coii ittt e e e e e et e e e e e e e e e bt e e e e e e e e nnrrreeeeeeeeaaan 88

49



S3 /l Keynote

When Nature is having fun: walrus-dolphins and
aquatic sloths fom the Neogene of Peru

Christian De Muizon*

CR2P (MNHN-SU-CNRS), Paris - France

Our knowledge of the present and past biodiversity is dreadfully poor. We probably know less than
0.5% of the taxa that existed and exist on Earth, that is to say, almost nothing. Given that, because past
biodiversity is by far the most abundant, palaeontologists are constantly exposed to the most unexpected
discoveries, resulting from the fantastically active imagination of Nature. The marine Neogene Pisco
Formation of Peru has yielded two of such astonishing “jokes of Nature”: a “walrus - dolphin” and an
aquatic sloth. Odobenocetops is a delphinoid cetacean, which has lost the elongated rostrum characteristic
of the order and instead bears postero-ventrally projected premaxillary sheaths bearing asymmetrical
tusks, the right one being at least one meter long, and the left one barely erupting from the bone. The
posteriorly located bony nares of extant cetaceans have migrated anteriorly, but are still dorsally facing and
the maxillae are drastically reduced in contrast to the condition in other odontocetes. The large and deep
palate suggests a feeding adaptation similar to that observed in the walrus, which uses its tongue as a
piston to extract the foot and siphon of soft-shell mollusks that it firmly maintains in its powerful lips.
Females of Odobenocetops have two small tusks and the function of the large right tusk of males was
probably social as in living narwhals. Thalassocnus is a semiaquatic sloth represented by five species
occurring in successive beds from the late Miocene to the Pliocene. The fact that the Peruvian coast was a
desert during the Neogene and the abundance of articulated skeletons indicate that Thalassocnus was
feeding there upon marine vegetation. The long premaxillae and mandibular symphysis with splayed apices
suggest an increased capacity of grazing in more recent species. Thalassocnus used its powerful anterior
claws to anchor itself on the sea floor to feed upon sea grasses, which are present in the sediments of the
Pisco Formation. The pronounced osterosclerosis of the ribs and limb bones of Thalassocnus, which
increases in the youngest species, served as a ballast to weigh down the body in order to graze with
reduced efforts as is observed in sirenians. The limb bones anatomy indicates that Thalassocnus was not an
efficient swimmer, but rather a bottom-walker as extant hippos. Odobenocetops and Thalassocnus were
both benthic feeders, which peacefully coexisted on the coast of Peru during the late Neogene.

’ Speaker

50



S3// Oral

Endocranial microtomographic study of marine
reptiles (Plesiosauria and Mosasauroidea) from
the Turonian (Late Cretaceous) of Morocco:
palaeobiological implications

*1,2

Rémi Allemand *?, Alexandra Houssaye °, Peggy Vincent *, Nathalie Bardet *

'CR2pP (MNHN-SU-CNRS), Paris - France
> Mécanismes adaptatifs et évolution (MECADEV) — Muséum National d’Histoire Naturelle (MNHN) : UMR7179 —
55 rue Buffon, Bat. Anatomie Comparée, CP 55, 75005, Paris Cedex 5, France

As windows into the deep history of neuroanatomy, endocasts may provide information about
the central nervous system of fossil taxa. Based on exceptionally preserved specimens of coeval
mosasauroids (Squamata) and plesiosaurians (Sauropterygia), from the Turonian (early Late Cretaceous)
outcrops of Goulmima (Southern Morocco), the aim of this work is to describe for the first time in detail
the endocranial anatomy of these two major clades of Mesozoic marine reptiles. This study aims at
providing insights about the sensory abilities that accompanied the return of these amniote lineages to
life in water. In addition, the endocranial anatomy of related extant squamates, mainly snakes but also
varanids and amphisbaenians, also almost unknown until now, is described for the first time and used
for comparative purpose to analyse the formfunction relationships associated to endocasts. The
analysis of the endocranial variability in extant squamates pointed out that endocasts reflect both
phylogenetic and ecological signals, and that the relative size of each endocranial structure can be
related to differences in vision and olfaction according to taxa. Among fossil taxa, the 3D morphology of
the endocast has been reconstructed, thanks to the resort to microtomography, for two elasmosaurid
specimens of Libonectes morgani, an indeterminate polycotylid and the basal mosasauroid Tethysaurus
nopcsai. The results show that the endocranial morphology of Plesiosauria is similar between the
different taxa and differs from that know in other extinct and extant marine reptiles, being thus unique.
Based on the relative size of the structures composing their endocasts, both the mosasauroid
Tethysaurus and the plesiosaurians seem to rely more on vision than on olfaction to interact with their
environment. However, these new endocast data, added to information already available in the
literature suggest different modes of locomotion and hunting techniques, which probably allowed them
to coexist in Goulmima.
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Comparative cranial morphology of the Late
Cretaceous Protostegid sea turtle Desmatochelys
lowii

Irena Burek *

Université de Fribourg — Av. Europe 20 1700 Fribourg, Switzerland

The phylogenetic placement of Cretaceous marine turtles, especially Protostegidae, is still under
debate among paleontologists. Whereas protostegids were traditionally thought to be situated within the
clade of recent marine turtles (Chelonioidea), some recent morphological and molecular studies suggest
placement along the stem of Cryptodira. The main reason why the evolution of marine turtles is still poorly
understood, is in part due to a lack of insights into the cranial anatomy of protostegids. This study provides
a detailed comparison of the internal and external cranial morphology of the protostegid Desmatochelys
lowii Williston, 1894 with two extant marine turtles Dermochelys coriacea and Eretmochelys imbricata and
the freshwater snapping turtle Chelydra serpentina. The studied skulls were scanned with X-ray
microtomography and virtually segmented, in order to allow the examination of each bone individually. In
total, 81 bones were described, including the nature of their contacts. The recent global phylogeny of turtle
relationships was expanded and updated through the inclusion of the newly obtained anatomical insights.
Additionally, a novel bone contact data was compiled and applied in a preliminary similarity study. The
latter study that utilizes newly obtained bone contact data suggests that Desmatochelys lowii is least similar
of the four turtles included, which would be concordant with a phylogenetic placement outside
Americhelydia. The resulting phylogeny places the Protostegidae in the stem of Chelonioidea, which is a
novel position for the group more congruent with recent molecular calibration analyses.
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The fossil record of marine adapted snake lizards:
origins, convergence, and phylogeny

Michael Caldwell *

University of Alberta [Edmonton] — 116 St 85 Ave, Edmonton, AB T6G 2R3, Canada

Despite the fact that the debate continues around the ecological origins of snake lizards —
burrowing versus terrestrial origins scenarios — the fossil record of snake lizards, when assessed against
phylogeny, clearly indicates that numerous clades of snake lizards have secondarily, and thus convergently,
invaded marine habitats. Beginning in the Middle Jurassic, with the oldest known snake lizards fossils, these
animals are found in rocks deposited in sedimentary environments proximate to estuaries and beaches
located on island archipelagos. Late Jurassic and Early Cretaceous snakes are found in back beach
environments and coal swamps on island systems. By the Early Cenomanian, snake lizard clades have
rapidly diversified with several form-types (grouped around cranial, vertebral, and rearlimbs
present/absent) having radiated into marine environments in the Tethys Seaway of southern Europe, the
Tethyan Platform and northern Africa and across the ProtoAtlantic to the north east margin of South
America; these various snake lizards and their lineages show important skeletal aquatic adaptations
(pachyostosis/osteosclerosis), and are also found in marine deposited carbonate rocks from a wide variety
of depositional environments. There is a rich Late Cretaceous record of non-marine snake lizards from
Gondwanan continents, but evidence of marine radiations is found only after the K-P Extinction Event.
Beginning in the Eocene, and in many locations around the globe, numerous snake lizard clades
(madtsoiids, macrostomatans, etc.) radiate into marine environments. While the majority of these Cenozoic
snake lizards are known only from disarticulated elements of the axial skeleton, some are in fact known
from beautifully articulated remains preserved in platy limestones deposited in lagoonal environments.
These Eocene to Oligocene-aged snakes represent several different lineages of snake lizards, are found in a
variety of marine environments, and some achieve gigantic proportions, while others are relatively small,
though they have surprisingly large numbers of vertebrae. Modern marine snake lizards are found amongst
higher caenophidians, including the freshwater/estuarine Java File Snake, and the sea snakes and sea kraits,
which are highly derived elapids. Snake lizard evolution is currently understood to have undergone at least
fifteen independent marine adaptive radiations, beginning as far back as the Middle Jurassic, and
continuing forward to the present.
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Form, function, and phylogeny in Late Oligocene
tusked dolphins from New Zealand

Amber Coste * t* R. Ewan Fordyce ! Carolina Loch *?

1 Department of Geology, University of Otago — New Zealand
2 Faculty of Dentistry, University of Otago — New Zealand

Late Oligocene dolphins from New Zealand include species with ”spear-like” horizontally
procumbent teeth, in long and slender jaws. Such long, delicate tusks are absent from living odontocetes.
The function and phylogenetic significance of tusks are still uncertain, although feeding or display are
possible functions.

The tusked dolphins are from marine mid-shelf strata, the Kokoamu Greensand and Otekaike
Limestone (Chattian, to possibly basal Aquitanian) of the Waitaki region of New Zealand. The three key
named species are Waipatia maerewhenua, Otekaikea marplesi, and Otekaikea huata (Waipatiidae).
Phylogenetic analyses mostly place these in the Platanistoidea, a clade now restricted to the living South
Asian river dolphin, Platanista gangetica but relationships are unstable. A fourth procumbent species from
another New Zealand basin, cf. Kentriodon sp. (Delphinoidea), is probably Aquitanian.

Other undescribed “tuskers” from the Waitaki region are new species, known from parts or whole
skulls with 6-10 horizontally procumbent apical teeth in their rostra and mandibles. The two most
important specimens (OU 22397 and OU 22126) were briefly mentioned in print as species of Dalpiazinidae,
a family otherwise known from Italy. The Dalpiazinidae is based ultimately on Dalpiazina ombonii,
described from an incomplete mandible with empty alveoli and with no evidence of procumbent teeth
(Belluno Sandstone, Aquitanian, Italy). There are no apomorphies with New Zealand fossils, and the
Dalpiazinidae is thus unconnected to the New Zealand record. Both the New Zealand specimens have
elongate, attenuate, and dorsoventrally flattened rostra, with the tusks in elongate premaxillae. The
maxillary teeth are polydont: heterodont in OU 22397, and near-homodont in OU 22126. The periotic
(earbone) has a parabullary sulcus, apparently apomorphic for Platanistoidea.

Phylogenetic analysis puts OU 22397 toward the base of the Platanistoidea, near Waipatia
maerewhenua, and remote from Kentriodon and other Delphinoidea, with no tusks in intervening clades.
This pattern could mean that tusks evolved convergently in the platanistoid and delphinoid clades.
However, archaic Oligocene taxa are not well sampled between those clades, thus tusk plesiomorphy or
homoplasy is still uncertain.
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New insights in the evolution of true seals
(Carnivora, Pinnipedia, Phocidae): diversity and
paleobiogeography

Leonard Dewaele *t?, Olivier Lambert ?, Stephen Louwye *

! Universiteit Gent — Belgium
2 Royal Belgian Institute of Natural Sciences — Belgium

Historically, multiple attempts have been undertaken to elucidate the timing and geographical
pathways of phocid (true seals) dispersal around the world. However, one major shortcoming is that
researchers showed little interest in reassessing the original descriptions of extinct seals and their
stratigraphic context. Another major issue is the use of syntypes in these original descriptions, allowing to
question whether the fossil record of Phocidae truly reflects the actual diversity or may be
oversplit/lumped.

Recent re-investigation of the fossil record of phocids from the North Atlantic Ocean and the
Mediterranean Sea has important implications for the interpretation of the diversity and
paleobiogeography of the family. First, the reassessment of the stratigraphy of Monotherium gaudini, from
Italy, indicates that this species is the oldest confirmed and acceptably well-documented extinct seal, dated
to the late Oligocene or early Miocene and comparable in age to the divergence date of Phocidae as
estimated from molecular data. Second, dinoflagellate cyst analysis of sediment samples associated with
phocid fossils from the Pliocene Kattendijk Formation, Belgium, indicates a late Miocene age instead of the
commonly accepted early Pliocene age for the taxa considered. Third, the recent (re-)discovery of a
‘southern’ phocid humerus from the late Pliocene of Belgium suggests late survival of Monachinae at high
latitudes in the North Atlantic. Additionally, new taxa have been described and the validity of others has
been questioned, yielding implications on biogeographic ranges of different extinct phocid taxa and on
phocid biodiversity through time, which may be related to climatic events.

Our findings indicate an early and fast diversification of phocids — and pinnipeds in general — during
the late Oligocene and early Miocene. Stemming from northeast Pacific stem pinnipedimorphs,
geographical dispersal of phocids to the eastern North Atlantic was rapid. The high number of seal taxa
present during the late Miocene in Europe, predating the occurrence of the same taxa on the east coast of
North America, suggests that diversification of part of the phocid seals from the Northern Hemisphere
primarily occurred in Europe. Their rapid decline in diversity during the Pliocene may be related to climatic
changes around the Mio-Pliocene boundary, such as the growth of permanent ice caps in the Northern
Hemisphere.
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Late Jurassic ichthyosaurs from the Neuquén Basin
(Central-West Argentina): new insights into the
phylogeny of the Ophthalmosauridae

Marta Fernandez*Tl, Lisandro Campos 1, Erin Maxwell 2, Yanina Herrera !

! Divisién Paleontologia Vertebrados, Fac. Cs. Naturales y Museo, Universidad Nacional de La Plata. Consejo Nacional
de Investigaciones Cientificas y Técnicas (UNLP, CONICET) — Argentina
?Staatliches Museum fiir Naturkunde — Germany

Ophthalmosaurids were advanced ichthyosauromorphs. Their evolution, from the Aalenian to the
Cenomanian, encompassed half of the history of the whole clade. The traditional conception of
ophthalmosaurids as the last representatives of a declining lineage has radically changed in the last
decades. New discoveries and studies indicate that ophthalmosaurids dominated soon after they emerged,
probably at the Aalenian-Bajocian boundary, and achieved a widespread geographical distribution.
Although their oldest records were recovered from the Neuquén Basin (Argentina) most of their fossils
have been collected from the northern hemisphere. Southern hemisphere records are mainly restricted to
Australia, Argentina and Chile, and to isolated material from Madagascar. Four nominal ophthalmosaurid
taxa are recognized from the southern margins of the eastern paleopacific: Mollesaurus periallus,
Caypullisaurus bonapartei, “Platypterygius” hauthali and Arthropterygius sp. We assigned a new name for
the reception of an ophthalmosaurid of Patagonia and included it in an expanded version of datasets to
explore its phylogenetic affinities. The new taxon depicts a peculiar pattern of an “ophthalmosaurine-like”
skull and a ”platypterygine-like” forefin. Cladistic analysis recovered it forming a polytomy at the base of
the platypterygine clade, and the “ophthalmosaurines” are found as a paraphyletic assemblage. All boreal
forms are nested within platypterygines but only three of them (Cryopterygius, Janusaurus and
Arthropterygius) form a subclade. Stratigraphic calibration of the tree indicates that the platypterygiine
radiation occurred earlier than previously supposed, probably during the late Middle Jurassic.

' Speaker
! Corresponding author: martafer@fcnym.unlp.edu.ar

56



S3// Oral

Towards an adaptive landscape for short-necked
plesiosaurians

Valentin Fischer **, Roger Benson 2, Patrick Druckenmiller 3, Laura Soul 4,
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3 University of Alaska Museum and Department of Geosciences, University of Alaska Fairbanks (UAF) United States
N Department of Paleobiology, Smithsonian Institution — United States
> Oxford University Museum of Natural History — Oxford, United Kingdom
CR2pP (MNHN-SU-CNRS), Paris - France

Plesiosauria is the most diverse and probably the most disparate clade of secondarily aquatic
tetrapods. The frequency and intensity of morphological convergences within this group and the strong
constrains of the aquatic medium make Plesiosauria an ideal model for testing the processes of
morphological diversification. The adaptive landscape of plesiosaurians has been summarised to two global
morphotypes: one for short-necked forms (pliosauromorphs) and one for long-necked forms
(plesiosauromorphs). Although these were historically conceived as long- liven, monophylogenetic clade, it
is increasingly clear that these body plans each arose multiple times independently during the evolutionary
history of Plesiosauria, providing evidence of a macroevolutionary adaptive landscape. We investigate the
morphological diversification of the two major groups of short-necked plesiosaurians: Pliosauridae and
Polycotylidae. Using an updated phylogenetic dataset incorporating most plesiosaurians and a
morphological dataset summarising the Bauplan and diet-related features, we investigate the rates of
evolution, patterns of morphospace occupation, and disparity over time of these two clades. Our results
show that a handful of clearly distinct craniodental architectures exist within pliosaurids and polcotylids
and that several episodes of convergent evolution affected these clades. This indicates that while there is
probably no such thing as single ‘pliosauromorph’ morphotype, the craniodental adaptive landscape of
these animals might be quite simple, with a few optimal morphologies.
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An ancient beaked-whale mimic: a toothless
presumed platanistoid dolphin from the Otekaike
Limestone (latest Oligocene), Hakataramea Valley,

New Zealand

R. Ewan Fordyce *

University of Otago — Dunedin 9054, New Zealand

The Waitaki region in New Zealand is an important source of Eocene-Miocene cetaceans (whales,
dolphins). These fossils are from the margin of the evolving Southern Ocean, in which the Antarctic
Circumpolar Current influenced long-term climate trends and nutrient cycles potential drivers of cetacean
evolution. The most fossiliferous units from southern New Zealand are the Kokoamu Greensand-Otekaike
Limestone (Chattian, to basal Aquitanian). In Hakataramea Valley, these strata have produced diverse
Cetacea including: the Mysticeti Mammalodon, Waharoa and other eomysticetids, the stem
balaenopteroid Mauicetus, and the stem baleen whale Horopeta; and Odontoceti including a squalodontid,
an apparent delphinoid, the platanistoid Otekaikea, and diverse smaller dolphins.

A new species of fossil odontocete from Hakataramea shows features reminiscent of
suctionfeeding beaked whales (Ziphiidae, middle Miocene-Recent) and the Pliocene ziphiid-mimic
Australodelphis (Delphinidae). Of note are: beak-like rostrum with robust maxillae, but no alveoli; uncertain
number of tiny single-cusped teeth; mandible straight-edged with an indistinct alveolar groove; para-narial
premaxillae strongly asymmetrical and elevated; and large facial fossa for nasofacial muscles. The dolphin is
quite disparate, in these ziphiid-like features, from other coeval Southern Hemisphere taxa. Other features
differ from those of Ziphiidae: the lacrimojugal is fused; the curved parabullary sulcus on the periotic
matches archaic platanistoids; there is no enlarged posterior process on the bulla; and the pterygoid sinus
fossa is not enlarged and has a rod-like hamulus.

The Hakataramea ziphiid-like dolphin is from a broad shelf setting facing the Southern Ocean. Burial
was probably below storm wave base, judging from commonly-associated vertebrate skeletons and para-
autochthonous invertebrate assemblages. Given the depositional setting, was the dolphin a neritic (shelf)
species? Or might its ziphiid-like skull form imply pelagic foraging beyond the shelf break, and perhaps
deep-diving? The dolphin adds to the taxonomic and ecological diversity of Oligocene Neoceti, consistent
with Oligocene radiations in many lineages.
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Anatomy of Ferecetotherium kelloggi, the earliest
crown-group cetacean from the Oligocene of
Caucasus

Pavel Gol’din *', Maia Bukhsianidze
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15, Kyiv, 01030, Ukraine
2Georgian National Museum — 3 Rustaveli Avenue, 0105 Thilisi, Georgia

An assemblage of Late Oligocene odontocetes from the South Caucasus, including a few
representatives of different families and taxa with uncertain family affinities, has been originally described
by Guram McHedlidze during the seventies and eighties. One of these cetaceans, Ferecetotherium kelloggi,
was later identified as a sperm whale, thus being the earliest representative of crown odontocetes. The
specimen consists of skull fragments, ear bones, mandibles, teeth, a few vertebrae, sternum, and both
forelimbs. Here we interpret some of these fragments, which have not been discussed before. Apart from a
typical physeteroid periotic, Ferecetotherium has a wide and deep supracranial basin with extremely
telescoped facial bones and a high, rounded occipital shield, autapomorphic features for Physeteroidea. In
addition, it has a slit-like antorbital notch, a large dorsal infraorbital foramen, somewhat reduced maxillary
teeth, fused postaxial cervical vertebrae, a short and wide rounded sternum, contact between the 1st and
the 2nd fingers, and other specific features observed in other Physeteroidea, including derived forms.
Meanwhile, it has many primitive traits: nasals nearly equal in size, multiple maxillary teeth, a long
zygomatic process with a long facet for the postorbital process, little transformed tympanic bulla and short
forelimbs with advanced ossification and no traces of hyperphalangy. The combination of these
characteristics is evidence for the evolution of advanced physeteroid anatomy (especially skull anatomy) by
the Late Oligocene. It also shows that the earliest physeteroid was a pelagic, piscivorous cetacean with
generalized feeding type and some evidence of suction feeding. The evolution of sperm whale apomorphies
was independent of feeding or habitat adaptations, and evolution of the tympanic bulla and forelimbs was
slower than the skull transformations.
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Paja Formation Lagerstatte of Colombia, South
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In June 1977, the skeleton of a large sauropterygian marine reptile was discovered by local farmers
in Vereda de Monquird, Departamento de Boyaca, Colombia, South America. The skeleton was a large
pliosaurid plesiosaur, almost complete and articulated, from the upper Aptian Arcillolitas Abrigarradas
Member of the Paja Formation, which is now recognised as a Lower Cretaceous Gap (LCG) marine reptile
Lagerstatte. The pliosaurid remains are preserved in situ, covered by the community run ‘El Fésil’ museum,
and the skeleton has become iconic as ‘The Fossil’ of the Alto Ricaurte region. The scientific importance of
the skeleton was recognised by its description as the holotype of a new species, Kronosaurus boyacensis.

Examination of the skeleton of Kronosaurus boyacensis has revealed the need for a detailed
redescription, which indicates erroneous original interpretation of various features, including: the positions
of the cranial bones and openings; the location of the atlas-axis; and the interpretation of the dorsal
vertebrae. Hence, we undertake a full re-description, and clarification of the morphology of the specimen.
Interpretation of the taphonomic trajectory of the fossilized remains indicates collapse of the skeleton on
the sea-floor, rapid burial without evidence of scavenging or epibionts, and partial preservation in early
diagenetic concretions, which together permit reconstruction the original three-dimensional shape of the
animal.

Kronosaurus boyacensis is a remarkable specimen. It was the first of a growing number of newly
described Lower Cretaceous pliosaurids from the LCG of Colombia. The holotype is an evolutionarily and
palaeogeographically important Lower Cretaceous mega-predator, which highlights the importance of
northern South America for the study of LCG pliosaurids. Kronosaurus boyacensis and its cohabiting marine
reptiles are thereby critical to our understanding of Lower Cretaceous epicontinental seaways.
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The inner ear reveals patterns of adaptation to
aquatic environment in carnivoran mammals: seals,
sea lions, fur seals and walruses
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Adaptation of terrestrial placental mammals to aquatic environment requires important
modifications of anatomical, physiological and functional features of their body. Here we studied the
transition from land to water in the carnivoran mammal clade Pinnipedimorpha, including living seals, sea
lions, fur seals, walruses and their fossil allies. We investigated the evolution of their inner ear, the organ of
balance and hearing in vertebrates, as its morphological transformations along the phylogenetic history of
clades have proven to track sensory perceptual changes in response to locomotor and environmental shifts.
We used high resolution X-ray microtomography to reconstruct virtually the bony part of the inner ear, the
bony labyrinth, of 16 extant and 8 fossil pinnipedimorphs, representing a wide range of taxonomic and
ecological diversity, with global geographical occurrences and a large chronological distribution from the
Oligocene to present. We used 3D geometric morphometrics to investigate the relationships between inner
ear shapes and species body size, phylogenetic proximity and environmental and behavioral factors. We
built a time-calibrated phylogeny from molecular data and fossil occurrences for our sample. We found that
the lateral semicircular canal of seals is smaller than in sea lions and fur seals. We found that species body
size, phylogenetic relatedness and locomotion significantly influence inner ear shapes and that the shape of
the cochlea is significantly correlated with diving parameters (duration and depth) in extant species. We
also inferred the swimming modes of fossil pinnipedimorphs using a phylogenetic flexible discriminant
analysis. The prediction model based on inner ear shapes suggested that the basal pinnipedimorphs
Enaliarctos and Pteronarctos could have used mainly forelimb propulsion for swimming, while basal fossil
seals and walruses could have used a hindlimb-dominated propulsion, like in their modern relatives.
Pinnarctidion, alternately placed as a basal pinnipedimorph or in a fossil family closely related to seals
(Desmatophocidae), could have used a forelimb-dominated propulsion while in water, as in modern sea
lions and fur seals.
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properties of ichthyosaurs
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Ichthyosaurs were one of the most successful groups of secondarily aquatic tetrapods, which
evolved from terrestrial ancestors in the aftermath of the Permian extinction and thrived in the Mesozoic
oceans. During their ca. 160 myr of evolution, their bauplan changed from a narrow and elongated
morphology in the primitive forms to the deep and highly streamlined bodies of the modern parvipelvians.
By the Jurassic they had become highly specialised for aquatic locomotion and acquired fish-like body
shapes, convergent with modern cetaceans or sharks, along with other adaptations to pelagic lifestyle like
lunate tails for caudal propulsion. Until recently, studying the functional impact of these morphological
changes has been hampered due to the lack of an objective, physics-based quantitative method. Here, we
use 3D modelling techniques and Computational fluid dynamics (CFD) to evaluate the impact of these
bodily transitions in the hydrodynamic properties of ichthyosaurs. CFD is a state-of-the-art engineering tool
used to simulate fluid flows and to calculate the forces resulting from fluid-solid interactions. We create
full-body digital reconstructions, scaled to the same length, of nine ichthyosaur specimens. We include the
model of a living analogue, the bottlenose dolphin, for comparative purposes. We then perform flow
simulations over a range of speeds to calculate the drag and lift, as well as to evaluate the contribution of
the limbs to these forces. Our results demonstrate that modifications in the body plan of ichthyosaurs did
not cause major changes in the drag coefficient across taxa or through evolutionary time. However, the
values of drag relative to volume, here used as a proxy for muscle power, decrease substantially during the
first 25 million years of ichthyosaur evolution. Before the end of the Triassic, ichthyosaurs had experienced
a change in body proportions with a great impact in reducing the energetic cost of aquatic locomotion,
contributing to a more efficient swimming.
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When aquatic tetrapods swim, they typically propel themselves using either the front or rear end of
their body. Ichthyosaurs, whales, and otters swim using their hind limbs or tail, whereas sea turtles rely on
their powerful forelimbs. Pinnipeds (seals, sea lions and walrus) are unusual in employing both swimming
styles, despite their monophyletic origin: sea lions propel themselves with flipper-like forelimbs, while true
seals and walruses use alternating strokes of their crescent-shaped feet. Like true seals, early stem
pinnipeds (e.g. Enaliarctos mealsi) are thought to have relied mainly on their hind feet. If so, why did some
pinnipeds abandon this ancestral swimming style in favour of forelimb propulsion?

To unravel this question, we examined the forelimb anatomy of modern pinnipeds, linking
morphology to differences in how the limbs are used. The most derived forelimbs are found in otariids,
which use paired strokes of their flippers to generate propulsion. By contrast, phocine seals retained
webbed paws bearing flexible digits and strong claws. These paws allow phocines to perform tasks like
digging and holding prey, but they also make the forelimbs less effective tools for swimming. Monachines,
or ‘southern’ phocids, show a peculiar intermediate state, with a trend towards increasing specialisation of
the forelimb and — in some species — marked convergence on otariid-like flipper morphology. Observations
of swimming in Hydrurga, Neomonachus and Leptonychotes suggest that they often use their forelimbs
alongside their feet to generate propulsion. Together, these insights demonstrate that forelimb-based
swimming and specialised flipper anatomy can be derived from a hind limb-propelled ancestor.

Early pinnipeds like Enaliarctos had forelimbs similar to modern phocines, with mobile digits and
strong claws capable of grasping prey. Their paws likely remained important for feeding, as they do in
phocines, which in turn may have constrained the adaptation of the forelimb for swimming. From this
ancestral state, we suggest that the ancestors of otariids began targeting small schooling fish that could be
swallowed whole without processing. Their forelimbs, freed from the need to grasp food, evolved into
flippers, making early otariids even more mobile and adept at capturing evasive prey. Ultimately, sustained
specialisation on fast-moving prey created the selective pressure that lead to the evolution of forelimb
swimming.
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Thalattosuchia was a unique group of marine crocodylomorphs that flourished during the Mesozoic
Era, evolving a wide range of environmental adaptations and feeding specializations. One of the two major
groups within Thalattosuchia is Teleosauroidea, a distinctive clade that superficially resembled modern
gharials. They attained a near-globally distribution and frequented shallow marine and brackish ecosystems
throughout the Jurassic. However, the major teleosauroid subclade Machimosaurini evolved into the
crocodylomorph giants of the Jurassic, exceeding 7 m in body length and 1 m in cranial length. Moreover,
their craniodental adaptations suggest a macrophagous and/or durophagous diet very different from other
teleosauroids. Over the last five years, the taxonomy, comparative anatomy and phylogenetic relationships
of Machimosaurini have begun to become well-documented, with at least nine synapomorphies identified
(including parallelogram-shaped supratemporal fenestrae; dentition that is serrated with heavily
ornamented enamel and blunt apices; and deep socket-like reception pits along the maxillae and
dentaries). However, the origins of the group are little understood; machimosaurins were common in the
Late Jurassic of Europe and Tethys, with the radiation of Machimosaurus (which may have been linked to
the radiation of marine chelonians). Less is known about the subclade in the Middle Jurassic, with the best-
preserved material that of Lemmysuchus from the Callovian of England and France. Curiously, in these
Callovian formations Lemmysuchus is a rare component of the ecosystems, hinting that machimosaurins
did not become diverse until the Late Jurassic radiation of Machimosaurus. Prior to the Callovian
machimosaurin material is fragmentary (such as from Morocco) or based on isolated teeth that might be
referable to Machimosaurini (e.g. those from England). Here we evaluate the validity of the species
Steneosaurus meretrix, S. megistorhynchus, S. larteti and S. boutilieri, and show that Machimosaurini was
indeed present in the UK during the Bathonian. We also find there to be multiple cranial machimosaurin
specimens from the Great Oolite Group. In addition, we evaluate the positioning of a potential
machimosaurin from the Jurassic of Madagascar. This means that Machimosaurini had a wide geographical
distribution prior to the radiation of Machimosaurus, known from the Bathonian of the UK, France,
Morocco and possibly Madagascar.
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marine deposits: a new Iniidae from the late
Miocene of Angola
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Thanks to their highly specialized echolocation system, a few odontocetes (toothed cetaceans) have
been able to independently colonize freshwater ecosystems. Although some species of delphinids (true
dolphins) and phocoenids (porpoises) at least occasionally migrate upstream of large river systems, they
have close relatives in fully marine regions. This contrasts with the three odontocete families only
containing extant species with a strictly freshwater habitat (Iniidae in South America, the recently extinct
Lipotidae in China, and Platanistidae in southeast Asia). Among those, the fossil record of Iniidae includes
taxa from freshwater Miocene deposits of South America, whereas a few marine species from the Americas
were tentatively referred to the family.

Based on a partial odontocete skeleton including the cranium, discovered in late Miocene
(Tortonian-Messinian) marine deposits near the estuary of the Cuanza River, Angola, we identify a new iniid
genus and species. This is the first time that the combination of a frontal boss with nasals being lower on
the anterior wall of the vertex is observed in an extinct iniid found in a marine context. The new species
further shares with the extant Amazon river dolphin Inia geoffrensis the laterally directed postorbital
process of the frontal, the anteroposterior thickening of the nuchal crest, with a more developed left
occipital protuberance, and robust teeth with wrinkled enamel.

Confirmed by our phylogenetic analysis, this record of a close relative of I. geoffrensis in marine
sediments from the eastern coast of South Atlantic further corroborates the hypothesis that part of the
iniids” early evolution (after the split with the sister family Pontoporiidae) occurred in the marine
environment. Furthermore, morphological similarities with the extant species may indicate that the
transition from the marine environment to the freshwater, Amazonian habitat may have occurred on the
Atlantic side of South America. Finally, this first description of a Neogene cetacean from inland deposits of
western sub-Saharan Africa reveals the potential of this large coastal area for deciphering key steps of the
evolutionary history of cetaceans in the South Atlantic.
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Twenty years ago, several molecular studies on the phylogeny of extant mammals revealed an
astonishing relationship between cetaceans and hippopotamuses. Shortly after, the nesting of Cetacea
within Artiodactyla received support from new early cetacean fossil remains. Waterdependent lifestyles
were hence interpreted as apomorphic to a cetacean-hippopotamus clade named Cetancodonta. Recent
advances on the subclade, including the Hippopotamidae, revealed that extant hippopotamids emerged
from a lineage deeply embedded within an anthracothere subfamily, the Bothriodontinae. The complex
evolutionary history of these hippopotamoids led us to hypothesize that the acquisition of a semiaquatic
lifestyle occurred multiple times within Cetancodonta.

Previous work on anthracothere paleobiology mentioned possible semiaquatic habits mainly based
on the geological contexts of their discoveries or on overall resemblance with hippopotamids. A recent
contribution using several methodologies such as dental microwear, geochemistry, fine anatomy and
population variability, confirms that one of the most derived bothriodontines, Libycosaurus bahri, was
water-dependent and more specialized for semiaquatic lifestyle than many hippopotamids. On these
grounds, a research project (SPLASH) was created to investigate the Hippopotamoidea and detect the
appearance of water-dependence even in the absence of obvious morphological specializations. This
challenging aspect implies the use of a large array of methods to describe the paleobiology of key
hippopotamoid species.

Here, we describe, as a preliminary result of the project, the paleobiology of Bothriodon velaunum,
an early bothriodontine from the basal Oligocene of Europe. We performed combined analyses of a large
specimen collection from the locality of Ronzon, housed in the Musée Crozatier at Le Puy en Velay. These
results were integrated into an adaptive suite displaying the relationships between population structure,
morphological features related to agonistic interactions, life history traits, senses, paleodiet, semiaquatic
adaptations (revealed by oxygen isotopes, bones microanatomy, and inner ear morphology), and
locomotion. This adaptive suite indicates that a semiaquatic behavior influenced the biology of
bothriodontines at an early stage of their evolution. This approach will be subsequently applied to many
other key hippopotamoid taxa and should allow deciphering the evolutionary history of the semiaquatic
niche in this clade from the middle Eocene onward.
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Biotic recovery from the Permian-Triassic mass extinction was accompanied by the invasion of the
sea by several reptilian groups. Arguably the most important among these lineages is the ichthyosaurs. The
ichthyosaur Thaisaurus chonglakmanii was discovered at a limestone hill in the Southern Peninsula of
Thailand of putative Triassic age. Since its first brief description, however, T. chonglakmanii has never been
restudied in detail and its exact stratigraphic and phylogenetic position remained elusive. Here we reuvisit
the well prepared holotype specimen of T. chonglakmanii. The humerus of the holotype measures 21 mm
long, suggesting a total body length of about 0.9 meter by extrapolation. This is even slightly smaller than
the adult Chaohusaurus specimens from the Lower Triassic of South China, which was commonly taken as
the smallest ichthyosaur before. Extensive cranial bone fusion and well-ossified limb bones, however,
indicate an adult stage of the holotype specimen of T. chonglakmanii. Several characters suggest a much
generalized morphology of T. chonglakmanii among ichthyosaurs, including notably the absence of the
anterior terrace of upper temporal fenestra and an elongated humeral shaft without anterior flange.
Parsimony analysis based on a published data matrix suggests T. chonglakmanii holds a basal position
among ichthyosaurs. Field survey combined with a published conodont study confirms a late Induan
(Dienerian) — earliest Olenekian (early Smithian) age (Sweetospathodus kummeli -Neospathodus waageni
zone) for the Thaisaurus locality, which corresponds well with the basal phylogenetic position of the taxon.
This is the earliest record of Mesozoic marine reptiles, two million years earlier than the earliest previous
record. Our result thus indicates that ichthyosaurs invaded the tropical waters at least as early as the
Dienerian, when the sea surface temperature was relatively cool and the Refuge Zone was enlarged. The
generally small body size of Early Triassic ichthyosaurs in the tropical oceans supports the inference of a
stressed environment in the upper water column during most of the Early Triassic.
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The Hippopotamoidea (Hippopotamidae + “Anthracotheriidae”) is a mammalian superfamily that
presents a wide spatial distribution and temporal extension. Indeed, representatives of this superfamily
known from Africa, Eurasia, northern and central America, range from the middle Eocene to present.
Nowadays, this clade is only represented by two hippopotamid species belonging to two distinct genera:
the common hippo, Hippopotamus amphibius, and the Liberian hippo, Choeropsis liberiensis, both
restricted to the African continent. They are the largest representatives of the ecological guild of the Large
Semiaquatic Herbivores which was much more abundant during the Cenozoic.

Despite a consequent number of studies conducted on the Cetacea, which underwent the most
complete return to aquatic life among mammals, only a few studies focused specifically on their less-known
semi-aquatic sister-group, the Hippopotamoidea. Moreover, although much attention was paid on teeth
and cranium, the postcranium, albeit abundant in museum collections, was generally ignored in cladistic
studies performed on morphological characters. Nonetheless, the postcranial skeleton bears a non-
negligible amount of characters that are potentially phylogenetically informative.

In the current study, we aimed at investigating the phylogenetic relationships within the
Hippopotamoidea by considering morphological characters on the appendicular skeleton, more precisely
on the bones of the stylopod and zeugopod, and testing the robustness of the phylogenies focusing on
dental and cranial partitions. Various questions need to be further tested, such as the branching of
Hippopotamidae within a particular anthracotheriid lineage, the archaic bothriodontines. Additional
characters not previously considered on the postcranium have the potential to address such issues. Some
characters also carry functional information, which can be related to locomotion and body mass that both
shape the anatomy of the limbs by constant trade-offs between mobility and stability at the limb joints. The
identification of such osteological traits will contribute to a better understanding of the functional
constraints and abilities of extant and extinct hippopotamoids for a better characterization of the adaptive
suite of characters linked to the semiaquatic way of life.
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Baleen whales (Mysticeti) are the largest animals on Earth. Unfortunately, the very trait that makes
them stand out also limits what we can learn about them: large body size means lower population sizes
and, thus, fewer opportunities to gather data. This bias is exacerbated in the fossil record, where species
are frequently based on just a single specimen, and thus offer little insight into intraspecific variability,
geographic distribution, faunal structure, or habitat preferences. Even at higher taxonomic levels, limited
sample sizes often render biogeographical and ecological evidence anecdotal. Here, we use the well-dated
and abundant Oligocene fossil record of Australasia to present the first quantitative study of habitat
preference and distribution in extinct mysticetes.

Separated by the Tasman Sea, south-eastern Australia and southern New Zealand are close enough
to be directly comparable, yet far enough to accumulate meaningful faunal differences. During the Late
Oligocene, both were located at similar latitudes and home to shallow-water environments, but they
differed in water temperature and exposure to the open sea. Whereas Australian deposits accumulated in
warm, sheltered bays, their New Zealand equivalents formed as cool-water carbonates around a scattered
archipelago. The whales inhabiting these waters strikingly differed in size and ecology. Counts of tympanic
bullae show that nearly 80% of the Australian specimens represent mammalodontids: small toothed
predators and suction feeders. Toothless chaeomysticetes make up the rest, with eomysticetids clearly
dominating. By contrast, mammalodontids contribute just 4% to the New Zealand record, which otherwise
consists entirely of comparatively large chaeomysticetes.

Our results suggest a clear preference of mammalodontids for sheltered coastal environments, and
a more open-water habit for toothless baleen-bearing whales. The proportion of eomysticetids is similar in
both localities (roughly 20%), perhaps indicating a somewhat intermediate near-shore distribution. The
close tie of mammalodontids to the coast likely explains their restricted distribution, and argues for the
presence of endemism early in mysticete evolution. The preponderance of chaeomysticetes further from
shore suggests that baleen evolved to exploit open-water resources, with filter feeding and/or the need for
larger home ranges accounting for the associated increase in body size.
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Odontocetes (toothed whales) are the most successful lineage of marine mammals, highly
specialised apex predators and a key component of modern ocean ecosystems. The proposed key
innovation that has facilitated this is echolocation, a complex form of biosonar that utilises reflected
sounds to construct a mental model of their environment. Whilst our understanding of this ability has
increased, research into odontocete hearing has so far been biased towards physiological experiments and
auditory pathway identification; quantitative studies on the organ of hearing the inner ear or cochlea are
relatively lacking, despite its critical role in audition. Here, we analyse shape evolution of the odontocete
inner ear using high-resolution

3D models and 3D geometric morphometric approaches. We analyse inner ears from a broad
phylogenetic sample of odontocete species, encompassing nearly all extant genera and multiple fossil taxa.
Using phylogenetic generalised least squares models, we find that the shape of the odontocete inner ear is
correlated with multiple factors, including habitat, body size and prey type. Additionally we detect strong
phylogenetic signal in odontocete inner ear shape. Finally, we reconstruct the macroevolutionary dynamics
of the odontocete inner ear to reveal the tempo and mode of inner ear evolution in odontocetes.
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During the Cretaceous, three distinct turtle lineages adapted to a fully marine lifestyle; these
include the extant hard-shelled Pan-Cheloniidae and leatherbacks or Pan-Dermochelyidae, and extinct
Cretaceous Protostegidae. Pan-cheloniids and pan-dermochelyids constitute a monophyletic clade based
on molecular and phenotypic data. However, phylogenies incorporating fossils place protostegids as the
stem-lineage of leatherbacks. Because protostegids appeared in the Early Cretaceous (Late Barremian /
Early Aptian), this topological positioning implies emergence of the chelonioid sea turtle crown at least 35
million year earlier than current molecular clock estimates suggest, unless an unusually accelerated tempo
of evolution occurred after the basal sea turtle split. Evaluation of the skeletal anatomy of Eosphargis gigas,
a pan-dermochelyid from the Eocene of Belgium, reveals that the key postcranial states uniting
protostegids with leatherbacks are likely convergent. Indeed, an extensively revised and expanded sea
turtle phylogeny shows that E. gigas is pivotal to reconstructing protostegid relationships because its
transitional character state mosaic forces Protostegidae into a basal stem-lineage position relative to the
chelonioid crown. The divergence timing of crown sea turtles thus no longer conflicts with molecular data,
and extends between the Campanian—Eocene, although a more precise estimate remains problematic. The
new phylogeny also identifies the type-Maastrichtian taxon Allopleuron hoffmanni as a potential
Cretaceous stem-dermochelyid based on shared combination of unique cranial, postcranial and histological
traits. Protostegids share a vast number of characters with crown sea-turtles, although experimental
weighting and deletions demonstrates that these all correlate with marine adaptations, inferring that
although protostegids are robustly retrieved on the chelonioid stem, they may still represent a potentially
independent marine cryptodiran radiation. The cosmopolitanism of sea turtles has been previously dated
to the Cenozoic and limited to pan-cheloniids and pan-dermochelyids but expanded sampling reveals that
some protostegids independently achieved near-global distribution during the Cretaceous. Regardless the
phylogenetic position of Protostegidae several of their ecomorphological and developmental features
likewise evolved convergently to extant sea turtles.
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Whales, in their transition from terrestrial to fully aquatic lifestyles, have profoundly modified the
mammalian form to support living and feeding underwater. Toothed whales (odontocetes) are the most
abundant group among modern whales, and originated sometime during the Eocene/Oligocene transition
“34 million years ago. Odontocetes are thought to have quickly, over the span of about 10 million years,
evolved the ability to echolocate. The earliest transitions to fully aquatic biosonar usage are represented in
early Oligocene odontocete members of the Simocetidae, Xenorophidae, and Agorophiidae. Simocetids
exhibit unusual cranial and facial morphology compared with xenorophids and agorophiids, potentially
related to suction feeding. Some aspects of their facial morphology, such as premaxillary sac fossae and
expansion of the maxillae over the frontals, are consistent with biosonar capabilities. Here, we perform (to
the best of our knowledge) the first in-depth investigation of simocetid inner ear labyrinth morphology. We
use microcomputed tomography (microCT) to image and examine a petrosal belonging to a neonatal cf.
Olympicetus. We obtain a wide variety of morphological measurements of the inner labyrinth, which we
add to an extensive dataset of cetaceans and other artiodactyls to determine whether this individual had
infrasonic or ultrasonic hearing. The semicircular canals and vestibule are also measured and described in
detail as they relate to possible other aspects of ecology. These approaches provide a unique opportunity
to better understand the evolution and ecology of simocetids, which occupy a crucial position in the
evolutionary and ecological history of odontocetes.
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Neotropical gavialoids: a case study to explore
patterns of longirostry in crocodylians
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Gavialoidea is a clade of slenderand long-snouted crocodylomorphs with a single living species, the
Indian gharial Gavialis gangeticus. Because elongated snouts (longirostry) have evolved independently in
several crocodylomorph clades, this head shape has been interpreted as an ecological adaptation. How this
condition affected patterns of diversification and how longirostrine-associated cranial features changed
through adaptive radiations, remain poorly understood. By integrating phylogenetics and morphometrics,
we focus on the diversification of the Neotropical gavialoids to investigate evolutionary patterns of
longirostry within Crocodylia. Paleontological evidence indicates that Neotropical gavialoids might have
originated in the early Palaeogene along the African coasts and dispersed via marine pathways to South
America and the Caribbean. Neotropical gavialoids reached a diversity peak during the Miocene, with at
least 10 species encompassing an enormous range of body sizes (ranging from 2.26 to 7 m) and inhabiting
multiple environments (coastal marine, estuarine, lacustrine, riverine). Despite this extraordinary adaptive
radiation, analyses revealed that the snout shape of the whole clade has occupied a small, distinct and
almost invariable morphospace since the Cretaceous, in contrast with the morphologically labile snout
shape of other crocodylians (crocodyloids and alligatoroids). Our results suggest iterative environmental
shift occupations throughout gavialoid evolution without significant changes in snout proportions, but
involving conspicuous rearrangements of the circumorbital bones. The longirostrine gavialoid morphotype
is a distinct adaptation for seizing small prey and typically possesses short and wide premaxillae and
enlarged ‘caniniform’ teeth only at the tip of the snout. Long-snouted crocodyloids (Tomistoma, Mecistops,
Crocodylus intermedius) exhibit a different pattern of longirostry in which the ‘caniniforms’ are present in
both the maxillae and premaxillae/tip of the dentary. The retention of powerful bites and ‘caniniforms’
closer to the jaw joints in these longirostrine crocodyloids allowed them to exploit a wider range of prey
sizes, which could explain their snout shape plasticity. Because morphospace occupation of gavialoids
widely differs from that of crocodyloids, we hypothesize that the Pliocene extinction of gavialoids from
South America and the Caribbean responded to factors other than the coeval arrival of Crocodylus.
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Mesosaurs represent a small and extinct clade of Early Permian reptiles, which are notable in that
they represent the first fully aquatic amniotes, and are generally considered the basalmost parareptile
clade. Although they are very commonly housed in collections worldwide due to the high productivity of
their fossil sites in southern Gondwana, many aspects of their anatomy and ontogeny remain poorly
understood. Here we analyse a set of measurements taken on a large sample of mesosaur specimens and
describe the ossification sequence in Mesosaurus tenuidens and Stereosternum tumidum, two of the three
mesosaurid species currently considered valid. In the smallest specimen, the skull seems fully ossified,
whereas the ossification of the vertebral column is incomplete and shows a zipper-like pattern of fusion of
the paired neural arches proceeding from anterior to posterior. This is a general pattern in tetrapods, but it
is the first time this feature is being described in a Palaeozoic taxon. Based on several specimens, the limb
ossification sequence in mesosaurs follows the pattern common to all amniotes, with stylopodial and
zeugopodial elements ossifying first, followed by digit ossification with a postaxial polarity in the order of
digit IV-(V or lll)-1I-1. This supports the idea that this pattern was the ancestral condition for Amniota. Only
the youngest juveniles have incompletely ossified diaphyses, whereas in older juveniles or sub-adult
individuals they are fully ossified and only the epiphyses, carpals, and tarsals remain partially ossified. In
contrast, one of the specimens studied displays an aberrant ossification pattern, with some of the
autopodial epiphyses being more ossified than the distal ends of the diaphyses. This suggests the presence
of separate ossification centres in the epiphyses, which is rare in non-mammalian tetrapods and might
represent a pathology in this individual. Our morphometric analysis highlights no allometric differences
between the three species in terms of skull and long bones dimensions. Most parts of the skeleton show
isometric growth, although the mid-shaft diameters of the long bones display a slightly negative allometry.
This lag in growth rates highlights a slimming of long bones throughout ontogeny. Only the first digit of the
pes, as well as the distal width of the fibula, which is quite enlarged in mesosaurs, exhibits positive
allometry and therefore an accelerated growth.
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key to understand their evolutionary history during
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Cetacean history includes three major adaptive radiations. The first involves the Eocene northern
origins of cetaceans. The second involves the Neoceti (Odontoceti + Mysticeti), which diversified from
latest Eocene to earliest Miocene as the Southern Ocean opened. This radiation is linked to the rise of the
Antarctic Circumpolar Current and to increased nutrients, leading to new niches for cetaceans. Details are
uncertain for aspects of this second radiation, especially for the earliest Miocene, but clues come from
early Miocene dolphins (clade Platanistoidea) from the Gaiman Formation of Patagonia (Argentina). The
fossil record suggests that species of Platanistoidea were once diverse and widespread components of
global marine ecosystems, but the lineage now includes only one extant species, Platanista gangetica. The
radiation and later decline of platanistoids are still poorly understood. In Patagonia, platanistoids are
represented by: Notocetus vanbenedeni, Phoberodon arctirostris and Prosqualodon australis. Surprisingly,
these widely-cited species have been overlooked in recent phylogenetic studies, and their detailed
anatomy and functional complexes need a modern assessment. We are analyzing key anatomical
characters of these species to elucidate the different morphotypes represented in the earliest Miocene.
Phoberodon has a long and robust rostrum, with a wide and toothed premaxilla. Prosqualodon has a short
and narrow rostrum, also with a wide premaxilla. Phoberodon and Prosqualodon are heterodont and
polydont; their robust cheek teeth have highly elevated denticulate crowns, suggesting a component of
mastication. Short jaws in Prosqualodon may indicate sarcophagous feeding. In contrast, the small, more
"modern” Notocetus has single-rooted teeth with short conical crowns, reminiscent of the extant
Platanista, suggesting a more piscivorous diet. These characteristics indicate wide variation in feeding
strategies and prey preferences in the early Miocene Patagonian communities, and are consistent with
little or no ecological overlap. Moreover, all species have osteological correlates indicating the presence of
the nasofacial sound-producing complex and pterygoid sinus system, consistent with echolocation abilities
reported for all crown-clades of odontocetes. These fossils inform us on an important epoch of the
evolutionary history of platanistoids, and can help us characterizing the early Miocene cetacean
communities of Patagonia. The analyses continue.

' Speaker
! Corresponding author: viglino@cenpat-conicet.gob.ar

75



S3// Oral

A new species of Guizhouichthyosaurus (Ichthyosauria,
Shastasauridae) from the Ladinian (Middle Triassic) of
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Ichthyosauria is a monophyletic clade of Mesozoic marine reptiles that secondarily adapted to the aquatic
environment after the end Permian Mass Extinction. In the Middle Triassic, ichthyosaurs evolved rapidly and its
diversity increased considerably. Not only small to midbodied genera like Xinminosaurus and Mixosaurus appeared,
but more importantly, large taxa emerged, which indicates a rapid reconstruction of marine ecosystem after the mass
extinction. Shastasauridae is a group of Middle-late Triassic ichthyosaurs with distinctively large body and world-wide
distribution suggesting that this group contained top predators with the ability to swim over long distances. Therefore,
researches on shastasaurids can provide information on ichthyosaurian evolution and palaeobiogeography, as well as
Triassic marine ecosystem. Till early years of this century, Shastasauridae remained enigmatic due to its poorly-
preserved and fragmentary skeletons, when compared to the Jurassic and Cretaceous materials. Since this century,
abundant well-preserved materials of shastasaurid ichthyosaurs have been excavated from the Guanling Fauna
(Carnian, Late Triassic) of Guizhou, Southwest China, namelyGuanlingsaurus and Guizhouichthyosaurus. However, the
taxonomic position of Guizhouichthyosaurus and the intra-group phylogeny of Shastasauridae remain controversial
because the description of the holotype of the type species Guizhouichthyosaurus tangae is too brief to assign
additional specimens to the species.

Here we report a new species of Guizhouichthyosaurus based on a new specimen from the Zhuganpo
Member of the Falang Formation (late Ladinian, Middle Triassic) of Guizhou, Southwest China. The skeleton is almost
complete, with a total length of about 5.3 meters. The skull, about 98 cm long, is visible in lateral view while the
postcranium lies in ventral view. The specimen can be referred to Guizhouichthyosaurus on the basis of the size over 5
m; narrow and long groove anterior to external naris and scapula without proximal shaft. Despite of these similarities,
a list of morphological features unambiguously suggests it could be a new species. The new specimen has a relatively
higher presacral count of at least 73, unlike that of 63-69 observed in G. tangae. And the mandible is relatively robust
compared to the type species. Furthermore, the interpterygoid vacuity of the new specimen is extremely reduced, but
it is obviously present although small in G. tangae and C. wolonggangensis. The radio-ulnar foramina are present in
both sides of forefin of this specimen but absent in other shastasaurids, except Shonisaurus. The hindfin of the new
specimen is shorter than in G. tangae and lacks any accessary elements unlike the latter.

We performed a phylogenetic analysis. The strict consensus tree indicates that Shastasauridae is a
monophyletic clade containing the new species. The new species is stratigraphically older than G. tangae, which is
exclusively known from the Wayao Member of the Falang Formation (Carnian, Late Triassic). Along with thalattosaur
Anshunsaurus, Xinpusaurus and the ichthyosaur Qianichthyosaurus, the occurrence of Guizhouihthyosaurus in Xingyi
Fauna suggests a closer relationship between Xingyi Fauna (late Ladinian, Middle Triassic) and Guanling Biota (Carnian,
Late Triassic).
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Thalattosuchians were a widely distributed group of marine crocodyliforms that thrived during the
Early Jurassic—Early Cretaceous. This radiation evolved a wide diversity of body plans and ecomorphotypes
ranging from gharial-like species to those superficially similar to living killer whales. While their osteological
adaptations to a marine lifestyle are well documented, the full extent of their soft-tissue and
neuroanatomical adaptations are still poorly understood. It is also unclear whether these soft-tissue
adaptations evolved first, and therefore underpinned the thalattosuchian radiation, or evolved in concert
with the osteology. Based on digitally segmented CT scans of thalattosuchian skulls, we begin to rectify this
knowledge deficit.

Due to the regression and loss of bone-enclosed craniomandibular sinuses in cetaceans and
pursuit-diving birds, we hypothesise that thalattosuchians underwent a similar trajectory. Our early findings
show exactly that, with the pharyngotympanic sinus system already reduced and simplified in the basal-
most thalattosuchians on either side of the MetriorhynchoideaTeleosauroidea split. The intertympanic
diverticula were absent, with the dural venous system

hypertrophied dorsal to the brain cavity. The long-noted absence of aérum foramina in
Thalattosuchia is here confirmed to be due to the quadrate diverticula regression, and the resultant lack of
siphonia + articular diverticula. The infundibular diverticula still fill the dorsal quadrate, but also as long-
noted in Thalattosuchia, there are no subtympanic foramina. We can confirm the presence of basioccipital
diverticula, and the recessus epitubaricum + pterygoid diverticula in thalattosuchians. Both the quadrate
and pterygoid diverticula are vestigial. Overall, the various pharyngotympanic diverticula are not well
differentiated from one another, unlike in extant crocodylians. Moreover, the pharyngotympanic system in
thalattosuchians does not dorsally enclose the bony labyrinths and brain cavity (as they do in extant
crocodylians), with the semi-circular canals largely visible in lateral view when the neuroanatomy is digitally
segmented out.

Thus at the base of Thalattosuchia, there was already a generalised simplification of the
pharyngotympanic sinus system, a loss of diverticula and regression of others. This fits with osteological
data, that show thalattosuchians had already become specialised for an aquatic lifestyle prior to the
teleosauroid-metriorhynchoid split.
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Recent study of Late Jurassic ophthalmosaurid ichthyosaurs revealed a number of new taxa.
However, the validity of several taxa from the Volgian (latest Jurassic-earliest Cretaceous) of European
Russia still remains unclear, complicating comparisons and, in some cases, affecting taxonomic decisions. A
revision of type specimens of Undorosaurus Efimov, 1999 reveals the potential validity of four species
within Undorosaurus: U. gorodischensis, U. nessovi, U. trautscholdi, and U. kielanae. Furthermore,
examination of the holotype of Cryopterygius kristiansenae from the coeval strata of the Svalbard
archipelago shows that this taxon is a junior synonym of Undorosaurus gorodischensis. This supports the
idea of faunal exchange between the Middle Russian Sea and other Boreal seas in the Late Jurassic. A new
phylogenetic dataset including 33 taxa and 102 characters, 21 of which are new, was composed in order to
resolve the phylogenetic position of Undorosaurus. The results of this analysis challenge all previous
phylogenetic hypotheses for Ophthalmosauridae in a number of aspects, including the recovery of
Undorosaurus spp. as deeply nested within Platypterygiinae as a sister group to derived platypterygiines.
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The Family Phocidae (true seals) has four subfamilies: three extant (Cystophorinae, Monachinae,
Phocinae) and one extinct (Devinophocinae). Each subfamily is classified based on distinguished
morphological characters, mainly from the skull, with other sets of characters separating them into
ecomorphological groups. In the Family Phocidae, ecomorphs of only representatives of the subfamily
Phocinae have been demonstrated. This study will compare morphological characters of the other three
subfamilies with those already described in Phocinae. Remains of fossil seals fall into analogous
morphological and ecological groups as modern seals. In each subfamily, (Cystophorinae, Devinophocinae,
Monachinae) characters do not fit precisely into the groups already created for members of subfamily
Phocinae. The ecology of fossil seals will be extrapolated from what is known in modern seals, when they fit
in same ecomorph group. Fossil seals have natural morphological units similar to those of recent species,
providing a rationale for associating the many dissociated fossil elements. In order for fossil seals to be
placed into ecomorphological groups, three of the most commonly found bones are used for examination:
the mandible, humerus, and femur. Specific ecological distinctions (diving depths, environment, diet, speed
and body size) of extant seals are examined to correlate to analogous fossil seals. Placing seals into specific
ecomorphological groups does not use alpha taxonomy, instead combining morphological and ecological
characters. Ecomorphs are also found in other vertebrates, including but not limited to: rabbits, anole
lizards, finches and seacows.
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Mosasaurid were a very successful clade of marine squamates, highly systematically and
ecologically diversified and worldwidely widespread, known from the Cenomanian to the end of the
Maastrichtian where they disappear during the K/Pg biological crisis. Mosasaurids are known from
complete skeletons in several outcrops in the world like the extensive ones of the WIS of North America,
Morocco, Belgium, the Netherlands, and New Zealand. The fossil record of mosasaurids is comparatively
rather poor in France, and most discoveries dated from the end of the XIXth century. Here we report on the
first discovery of mosasaurid remains in the Late Cretaceous of the subalpine massif of Chartreuse, a
mountainous region of the Alps, a hundred kilometers southwest of the Mont-Blanc massif.

The specimen has been found by one of us (FD) during a walk in a forest located in the Chartreuse
Regional Nature Park near the village of Entremont-le-Vieux, not far from Chambéry, in Savoie. The remains
were found in a marly grey chalk deposited in the "dauphinois domain” of the Tethys Ocean. It is very rich
in invertebrates remains, including mainly molluscs like Cephalopods (Ammonites, Belemnites, Nautiles),
Bivalves and Gastropods, as well as Echinoids, Brachiopods and possibly Arthropods. Microvertebrate
remains (fish teeth) have also been found, as well as possible plant ones. The ammonites found there, like
Nostoceras polyplocum indicate a Late Campanian age for the outcrop.

The mosasaurid remains consist of around twenty caudal vertebrae found articulated. Though
generally well preserved, they are slightly laterally compressed. The vertebrae include only the centra and
part of the fused haemal arches in some of them. The centra are slighly procoelous and vertically oval in
shape. Most are about 3 cm high and long, the smallest ones being half this size. The fact that these centra
preserved both transversal processes and haemal arches indicatedthat they correspond to median caudals,
located probably anterior to the caudal flexure. The fact that the haemal arches are fused to the centra also
indicate that this specimen belong to the Mosasaurinae clade. In Europe, only Mosasaurus and
Prognathodon have been already found. Only the detailed description of this new specimen would permit
to precise its systematical attribution. This new discovery permits to improve the rather poor French
mosasaurid fossil record. It represents the first discovery of mosasaurid remains in the Alps.
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The Middle-Upper Triassic are well-developed, and abundant fossils of Ladinian marine reptiles and
fishes were excavated from the mid Zhuganpo Member of Falang Formation at Xingyi (Guizhou Province,
southwestern China). The same fossiliferous beds are well exposed at both Nimaigu Section in Wusha Town
and Langmushan Section in Dingxiao Town, but the high-resolution stratigraphic correlation and
paleoenvironmental variation between these two sections were not well studied. The field investigation,
detailed section measurements and microfacial analysis indicate that the dominant microfacial types in
Nimaigu Section are muddy microcrystalline limestone and microcrystalline limestone with bioclast of
ammonite, bivalve, ostracod and crinoid, while the main microfacial types in Langmushan Section are
microcrystalline limestone with fenestrated fabric and microbial mats. Nimaigu Section shows a
transformation from lagoon to restricted sea, and then to open sea, while Langmushan Section shows the
characteristics of a typical lagoon and tidal flat. It can be inferred that the lagoon was not very deep and
the hydrodynamic force was weak, as only laminated bedding was developed with calcareous mud. Well-
developed microbial mat and fenetrated fabric indicated that the sea floor had gone through an exposure
and the lagoon became a tidal plat intermittently. The low-diversified benthic invertebrate might suggest a
saline water. The study reveals that the assemblage of the Xingyi Keichousaurus fauna lived in this lagoon,
which was enriched of Ladinian pachypleurosaur Keichousaurus and fish Habroichthys, associated with a
large amount of Asialepdotus and Guizhouamia, but yielded few bivalve and ostracod. It shad lights on that
Keichousaurus probably lived nearshore in the lagoon. The lagoon deposits in both sections can be well
correlated, showed a wide distribution of this environment, and it might develop islands in between. Xingyi
was a large carbonate platform in Middle Triassic, in which the west part was deeper and the east part was
near the shores of islands.
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Mysticete (baleen whales) evolution is marked by major turnover events. The first one occurred
during the Late Oligocene-early Miocene, with the extinction of toothed forms and the diversification of the
baleen-bearing groups (= Chaeomysticeti). This is a critical time in the evolutionary history of the group,
because it represents the time of diversification of crown lineages. However, there is an important early
Miocene gap where fossil representatives of the living families Balaenopteridae (rorquals), Eschrichtiidae
(grey whale), Neobalaeninae (pygmy right whale) and Balaenidae (right whales) are virtually unknown.
Fossil baleen whales from the early Miocene of Patagonia (Gaiman Formation, Argentina) provide one of
the best known records of mysticetes for this age interval. Some of the key species recorded include one of
the most archaic rorquallike whales (Aglaocetus moreni) and the oldest right whale (Morenocetus parvus).
These are pivotal fossils for the calibration and estimation of living mysticetes molecular clock divergences.
The second important diversification event in baleen whale evolution is during the late Miocene-Pliocene,
with the establishment of the modern mysticetes lineages. Fossil mysticetes from the late Miocene of
Patagonia (Puerto Madryn Formation) also shed light on this critical time in mysticete evolution. Among the
most relevant records are one the oldest Eubalaena -like right whales and a pygmy right-like whale
(Neobalaeninae indet), as well as a new species of Balaenidae. In particular, the anatomical study of
balaenids show that some of the specialized morphological traits of modern balaenids were acquired by the
early Miocene and have remained essentially unchanged up to the present. Moreover, the study of an
ontogenetic sequence of fossil balaenids indicates that an overall juvenile morphology is retained in the
adult stage, also sharing some similarities with the juvenile form of Eubalaena australis. These observations
suggest that a heterochornic process (i.e. paedomorphy) operated during the evolution of Miocene
balaenids. The results of our studies provide novel insights into the evolution of living mysticete lineages
and ultimately will contribute to elucidate the evolutionary driving forces of the Miocene baleen whale
radiation.
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If the inner structure of various sauropterygian long bones has recently been widely investi gated,
this is not the case for vertebrae, whose inner architecture (microanatomy) and osseous tissue features
(histology) remain almost unstudied. The high variation observed in sauropterygian long bone features
highlights the strong interest in analyzing other parts of the skeleton, in order to perform both physiological
and functional inferences on these taxa. The analysis of the inner structure of various pachypleurosaurs,
nothosaurs and pistosaurs reveals very uncommon traits. The occurrence of primary periosteal bone made
of parallelfiored bone, but with also woven bone deposits in nothosaurs and pistosaurs (and the
pachypleurosaur Anarosaurus), is not surprising. However, the endochondral territory essentially contains
calcified cartilage because of paedomorphosis, which is so far unique among amniotes, though consistent
with what is observed in their long bones. Moreover, there are specificities in the bone microanatomy. A
large cavity occupies the center of the centrum in nothosaurs and pistosaurs. The centrum consists thus in
a surrounding layer of compact cortex with a large cavity or light spongiosa in its core, and a spongious
organization in the articular regions. Conversely, in pachypleurosaurs, the vertebrae are extremely compact
with a strong inhibition in periosteal bone resorption. This high compactness is very rare in amniotes, being
only documented in pachyosteosclerotic marine squamates (e.g., “dolichosaurs”, hind-limbed snakes). The
histology and microanatomy of these sauropterygians is clearly complex with specific features. Clear
differences are observed between pachypleurosaurs and eusauropterygians. The further analysis of
placodonts and plesiosaurs will enable to put these data into a larger context and to better understand
physiological and functional changes along the evolutionary history of sauropterygians.
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Although classification of the Family Phocidae (=true seals) remains contentious, fossil evi dence
supports the existence of three extant subfamilies (Phocinae, Monachinae and Cystophorinae) and one
extinct subfamily (Devinophocinae). The discovery of Afrophoca libyca (subfamily Monachinae, “21 Ma)
further demonstrates that the origin of true seals was in the Paratethyan/Mediterranean basins, occurring
no later than the Late Oligocene. Seals widely dispersed during the Middle and Late Miocene, crossed the
Atlantic Ocean westward and prac tically ceased to exist in Europe by the Early Pliocene. Representatives of
the subfamily Cystophorinae (two species of the genus Pachyphoca) also supports an origin in the
Paratethys, followed by westward migration (711.2 Ma) before dividing into two modern genera
(Cystophora and Mirounga). Cranial material (Devinophoca claytoni and D. emryi) and the first record of
mandibles/postcranial bones (D. emryi) of the subfamily Devinophocinae from the Central Paratethys
(Vienna Basin; 13.8-16.5 Ma) presents unique, primitive characters as well as mixed characters with the
other three subfamilies, demonstrating the possible ancestral morphotype for all four subfamilies.
Leptophoca amphiatlantica (subfamily Phocinae) originated on the coast of Western Europe (16.4-15.8
Ma), dispersed across the Atlantic westward to the eastern shore of the North Atlantic in Calvert time (715
Ma) and then spread southward in St. Mary’s time (710.5 Ma). Currently, Early-Middle Miocene phocines
(L. lenis) and two new monachine species (Terranectes magnus and T. parvus) have been found on the
eastern shore of the United States. The fossil record from Miocene deposits of Europe and North America
supports a North Atlantic-Paratethyan origin of true seals, not a North Pacific origin. The North Pacific
record of fossil Phocidae is relatively late, represents only a few genera and provides no evidence about the
earlier evolution of the Family Phocidae.
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The Pan-Physeteroidea represent one of the earliest diverging lineages of odontocetes with extant
representatives. The extant diversity of the group - three species distributed in two genera - contrasts with
the past diversity, as depicted by the rich Miocene fossil record — approximately 20 species divided in 16
genera. Most Miocene physeteroids were recovered from the North Atlantic (USA), North Pacific (USA and
Japan), Mediterranean and North Sea (e.g. Italy, Belgium), Southeast Pacific (Peru), and Southwest Atlantic
(Argentina). Among southwestern Atlantic collections, the most complete and diverse records are from
Patagonia (Argentina), from which four species were named: Diaphorocetus poucheti and Idiorophus
patagonicus (Gaiman Formation, Early Miocene, Chubut), Preaulophyseter gualichensis (Gran Bajo del
Gualicho Formation, Late Miocene, Rio Negro), and "Aulophyseter” rionegrensis (Barranca Final Formation,
Late Miocene, Rio Negro). These taxa were described from wellpreserved cranial materials and have not
been restudied since their original descriptions. Miocene physeteroids from Patagonia are particularly
relevant given that Diaphorocetus and Idiorophus are some of the oldest physeteroids known, being key
taxa to assist in resolving the physeteroid phylogenetic relation ships. Thus, a detailed review of the
Miocene Patagonian physeteroids is necessary to evaluate their primary diversity and analyze their
phylogenetic relationships in the context of a modern phylogenetic analysis of Odontoceti. In particular, the
anatomical study of Diaphorocetus resulted in an exhaustive description of the skull and the modification of
several characters. In the brief original description of Diaphorocetus, illustrations showed regions of the
skull that are not present nowadays. It was a very important point to review the phylogenetic relationships
of Diaphorocetus and analyze its phylogenetic position, incorporating the new anatomic information. As a
result, Diaphorocetus is recovered in a more basal position than in recent analyses, in a basal polytomy
within crown Physeteroidea. Anatomic and taxonomic revisions of the other Miocene physeteroids from
Patagonia are currently in progress. Future studies evaluating the ecomorphological disparity of the group
will contribute to having a more accurate knowledge of the Miocene radiation of Physeteroidea.
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The Xingyi Fauna from the Zhuganpo Member of the Falang Formation of Guizhou and Yunnan
Provinces, South China, containing exceptionally well-preserved marine reptiles and fishes, has been
providing knowledge on the taxonomy, biodiversity, paleobiology and evolution of Triassic marine reptiles,
fishes, ammonoids and other clades, and also on the paleobiogeography. The large shastasaurid
ichthyosaur Guizhouichthyosaurus, the euichthyosaur Qianichthyosaurus, pistosaurs Yunguisaurus and
Wangosaurus, and the thalattosaur Xinpusaurus, with a closer paleobiogeographic affinity to North
America, occur only in the upper assemblage of the Xingyi Fauna, clearly showing an ecological turnover of
marine reptiles from near-shore to the open ocean community. However, the timing of such a fauna
turnover is not clear as yet, with two possibilities i.e. Late Ladinian or Early Carnian. Here we present new
high-resolution conodont biostratigraphic data, calibrated with ammonoid data, from the Nimaigu section,
Wusha District, Xingyi City, Guizhou Province. The strata from the Zhuganpo Member to the basal Wayao
Member of Falang Formation at the Nimaigu section was exposed and sampled bed-by- bed during our
large-scaled fossil excavations. Five conodont zones were recognized, they are, in ascending order, the
Paragondolella inclinata Zone, the Quadralella polygnathiformis Zone, the Quadralella tadpole Zone, the
Quadralella praelindae Zone, the Quadralella auriformis Zone. The first three conodont zones laterally
correlate well with their counterparts for the Ladinian- Carnian boundary interval from Southwest China
and British Columbia. Therefore, the occurrence of Xingyi Fauna within conodont Paragondolella inclinata
Zone and slightly below the ammonoid Haoceras xingyiense Zone suggests the age of Xingyi Fauna should
be late Ladinian, no younger than middle Longobardian. The ash layer within fossiliferous bed of Xingyi
Fauna yielded a U-Pb zircon age of 240.8+1.8 Ma. Thus, it confirmed that the Xingyi Fauna was so far the
only well preserved marine reptile fauna reported from the late Ladinian that withness the ecological
turnover event of marine reptiles.
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The Early-late Cretaceous transition (Late Albian-Early Cenomanian; “100_Ma) witnessed marked
environmental changes and a deep reorganization of the marine fauna. Nevertheless, the impact of these
environmental and biotic changes on Eurasian marine vertebrates remains poorly understood, as specimens
from this area are mostly represented by fragmentary and isolated remains occurring in reworked, bonebed-like
deposits. Here we report vertebrate remains from an Upper Albian marine fossiliferous bed from the Geological
Reserve of Digne (Alpes-de-Haute-Provence, southeastern France), recovered with diverse invertebrate species
(ammonoids, belemnoids, brachiopods and inoceramid bivalves). The fossiliferous bed consists in glauconitic
marls enriched in planktic foraminifera. It occurs within an expanded and monotonous succession of marl-
limestone alternations deposited in the hemipelagic domain of the SE French Basin. The ammonite fauna is quite
exceptional by its abundance, diversity and quality of preservation (i.e., large specimens preserving very fragile
shell features that are generally not fossilized) and indicates that the investigated bed belongs to the
Mortoniceras fallax ammonite Zone (Late Albian). The diverse vertebrate fauna consists of chondrichthyans,
ichthyosaurs and plesiosaurs. Chondrichthyans are represented by five shark species belonging to the order
Lamniformes. This shark assemblage is dominated by Sphenodus teeth and comprises predator taxa probably
living in open marine temperate waters. The site yielded a large, partial post-cranial plesiosaur skeleton with
articulated elements probably belonging to an elasmosaurid (long necked) taxa and representing one of the
most complete Albian plesiosaur specimens known from Europe. These findings indicate that this new
paleontological site holds promising clues about the evolutionary history of major groups of marine vertebrates
near the Early-late Cretaceous transition.
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Pliosaurid plesiosaurians played important roles in marine food chains from the Middle Jurassic to
the mid Cretaceous, frequently as apex predators. All hitherto described pliosaurid species of the
Kimmeridgian to the Hauterivian possess trihedral and subtrihedral teeth with a smooth labial surface,
while Aptian—Turonian pliosaurids have exclusively conical crowns with apicobasal ridges typically arranged
around the entire circumference, suggesting, for each of these time intervals, a restricted range of tooth
morphologies, and thus, possibly, of ecological niches. However, current knowledge of pliosaurids comes
mostly from several restricted time intervals and areas; the Jurassic-Cretaceous transition remains a
persistent gap in our knowledge of pliosaurid evolution. Consequently, the effect of the Jurassic—
Cretaceous boundary faunal turnover on pliosaurids is poorly understood. To tackle this issue, we describe
a series of pliosaurid teeth ranging from the upper Volgian (Tithonian, Upper Jurassic) of the Kheta river
basin (Eastern Siberia, Russia), to the Berriasian and Valanginian (Lower Cretaceous) of the Volga region
(European Russia) and analyse the evolution of pliosaurid teeth through time. Unexpectedly, these teeth
belong to widely distinct morphotypes, including the first report of conical-toothed pliosaurids from the
latest Jurassic—earliest Cretaceous interval. This challenges the hypothesis that only one lineage of
pliosaurids crossed the Jurassic—Cretaceous boundary. It appears that conical-toothed pliosaurids co-
existed with their trihedral-toothed relatives for at least 25 million years over the Jurassic-Cretaceous
transition. In fact, our quantitative analyses indicate that pliosaurids reached their maximal dental disparity
(in both size and shape) during this interval, showing little evidence of a turnover associated with the
Jurassic—Cretaceous boundary. Instead, disparity decreased later in the Early Cretaceous, with the
disappearance of trihedral-toothed forms in the Barremian. Pliosaurids thus decreased their dental
disparity (and thus, possibly, their ecological diversity) long before their extinction in the early Late
Cretaceous.
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Databasing and georeferencing extensive palaeontological collections housed at the University of
Kansas and partner institutions has been made possible via the U.S. National Science Foundation’s
Advancing the Digitization of Biological Collections program. In particular, this program led to the creation
of two Thematic Collections Networks (TCNs), the Paleoniches and the Cretaceous World, which in total
have thus far shared more than 1,000,000 specimen records. Here we discuss how these specimen data
have been used in macroevolutionary studies, with a focus on studies that employed Ecological Niche
Modeling (ENM).

As part of the Paleoniches TCN, specimen data were analyzed using ENM to examine how climate
change during the Neogene influenced macroevolution. We focused on the exceptionally diverse molluscan
fauna of the western Atlantic and considered the roles that niche breadth and geographic range played in
determining species survival and extinction over the last 3 million years. The extent to which species niches
evolved or displayed stasis was also analyzed. Species ranges were found to have shifted substantially, yet
in the face of these changes the species niches were stable. Further, the geographic range a species
occupied played the primary role in determining which species survived; species niches were far less
predictive of survival.

ENM was also used to predict the fate of extant mollusc species in the western Atlantic in light of
anticipated human mediated climatic warming through 2100. The species considered are important human
food sources and key pillars of ocean food chains; several scenarios of climate change were investigated.
The predicted impact on species is dramatic, and varied from moderate extinction to complete decimation,
depending on whether more moderate or more extreme scenarios were utilized. The results suggest we
should be seriously concerned about the fate of marine ecosystems, and ultimately humankind.

The Cretaceous World TCN is focused on databasing and georeferencing invertebrate and
vertebrate fossils from the Cretaceous Western Interior Seaway, and using these data, in conjunction with
ENM, to study a time period with a greenhouse climate. We are especially interested in focusing on
whether species packing in communities may differ during times of profound warmth, and also considering
the extent to which taxa display niche conservatism during episodes of phylogenetic divergence.

’ Speaker

90



S4 /| Keynote

The status and future of Big Data in paleontology
and a roadmap for building a data synthesis center
for the paleogeosciences

Lisa Park Boush * 1, John Williams ?

! University of Connecticut (UCONN) — 354 Mansfield Road Storrs, Connecticut, United States
’ Department of Geography, University of Wisconsin — Madison W1 53706-1404, United States

Technological developments in data science and informatics are revolutionizing access to
geoscientific data, breaking down barriers between disciplines, and opening new research frontiers,
particularly within palaeontology. Successful database projects (e.g. Community Curated Data Repositories
CCDRs) such as the Neotoma Paleoecology DB, Paleobiology Database, LinkedEarth, SedDB/EarthChem,
NOAA Paleoclimatology, MorphoBank, VertNet have enabled data-driven science that have led to
important insights into the palaeontological record with respect to extinctions, macroevolution,
biogeography, and Earth-life systems. The pace of change within cyberinfrastructure is rapid, with respect
to building the software, practices, linkages, culture, and other resources that together form the ecosystem
for data-driven palaeogeoscience. Key challenges in this effort include reducing data friction by better
integration, encouraging community input, and, most of all, sustainability. Cyberinfrastructure investments
over the next decade should come from distributed, meso-scale investments, focused on the following six
priorities: 1) reducing data friction by developing scientific workflows, structured vocabularies, semantic
frameworks, and data-tagging systems to pass data and metadata seamlessly within and among community
resources, 2) developing automated data-mining systems for extracting information from unstructured
data in the scientific literature, 3) supporting the long-term sustainability of existing community
cyberinfrastructure resources and the grassroots development of community informatics resources for sub-
disciplines that lack data sharing systems, 4) launching funded data mobilization campaigns to unlock
existing data relevant to high-priority scientific research questions, 5) developing and training a distributed
scientific workforce, for both early career scientists and current practitioners, and 6) establishing a
Paleodata Synthesis Center to coordinate activities among individual geoscientists and the federation of
CCDRs and sample repositories, promote community best-practices and data standards, and develop
education and scientific workforce training initiatives. Accomplishing these aims requires the collaboration
and cooperation of the entire paleogeoscience community on a global scale. We present an update on the
status of database projects worldwide and propose a roadmap to create a Paleodata Synthesis Center to
address the challenges of the future.
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While databases are developed to manage the large amount of paleontological data, and other
resources used by the scientific community, it remains difficult to have a clear understanding of available
methods to treat those data. As a consequence, some paleontologists use methods without really knowing
what they actually do, often without selecting the most appropriate tools for their data. Many researchers
do not have the time to read and understand deeply all the methods that are published. Another limitation
is the hardness of the literature with a specific vocabulary and, most of the time, the need of advanced
skills in mathematics and programming for a clear understanding, which is not the core of paleontological
research. The community needs tools to democratize knowledge and promote discussion on methods.
MethoDB is a database with an interface aimed at filling this need. Its purpose is to provide an organized
system of information on methods including steps of methods, softwares, algorithms, publications. Over
the different aims, a specific attention is brought to allow users to quickly reach available alternatives of a
data treatment they envisaged as well as their strengths and weaknesses to facilitate doing the best choice.
To do so, the interface should be able to incorporate comments on methods in order to stimulate debates
about concurrent alternatives.

Methods are mainly series of steps transforming data from inputs to outputs with the emergence
of knowledge that allows drawing conclusions about a scientific question. Flow charts are thus well-suited
to graphically represent them. The International Standard I1SO 5807 will be used to build the flowcharts in
order to facilitate the reading by the largest possible audience. The interface will be based on many blocks
that can be detailed (i.e. predefined processes in ISO 5807). This hierarchical structure aims at getting
general overviews of methodological domains for students or workers discovering a new field; but also, at
reaching advanced levels up to programs and practical algorithms.

In the future, | plan that flowcharts based on MethoDB be readily locally writable by everyone. This
could offer a powerful tool to develop new methods but could also potentially constitute additional
contents for publication making the analyses of a paper more trackable for reviewers and readers.
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Analyses of the global fossil record suggest that marine animal diversity reached an all- time
maximum in the Cenozoic. However, ubiquitous species-area relationships cause diversity to covary with
the spatial extent of sampling. We show that this spatial bias explains "64% of the variation in nominally
‘global’ marine animal diversity. Furthermore, spatial sampling does not track changes in habitable area.
Controlling for this bias results in substantial revisions to paradigmatic diversity curves. Mesozoic—Cenozoic
increases are substantially flattened, culminating in late Cenozoic diversities that are similar to those of
several earlier intervals. Spatially-standardised diversity fluctuates within bounds that have persisted for
hundreds of millions of years. Mass extinctions are followed by increases to levels comparable to those
previously attained. Marine animal diversity similar to the present-day was likely attained early in the
Phanerozoic. Our results provide the strongest evidence yet for long-term limits to regional- scale diversity
in Phanerozoic marine animals, and suggest that past studies using potentially- misleading ‘global’ curves to
evaluate the biotic and abiotic drivers of marine diversity may need to be revisited.
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The use of discrete character data for disparity analyses has become more popular in recent years,
in part due to the recognition that character data are useful for describing variation at large taxonomic
scales, but also due to the increasing availability of both character matrices co-opted from phylogenetic
analysis and software tools to run analyses. Although strategies for creating and coding characters vary, it is
not uncommon for some characters to be inapplicable for some taxa in a study. This results from the need
to describe variation in traits that are not present in all taxa, a need that often increases as taxonomic
scope increases. In such situations, it is common practice to treat inapplicable characters as missing data
when calculating dissimilarity matrices. However, for commonly used dissimilarity metrics like Will's GED
and Gower’s coefficient, this can lead to the re-ranking of pairwise dissimilarity values, resulting in datasets
where taxa that share more primary character states are assigned larger dissimilarity values than taxa that
share fewer primary character states because of the undue influence of the secondary characters that
describe variation in the primary characters. Here we introduce a family of metrics which weight primary
characters according to the secondary characters that describe them, effectively eliminating this problem,
and compare its performance to that of common dissimilarity metrics as well as previously proposed
weighting schemes. When applied to empirical datasets, we find that choice of dissimilarity metric
frequently affects the rank order of pairwise dissimilarity values, but not necessarily enough to influence
downstream macroevolutionary inferences.
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Planktonic foraminifera vary widely in their morphology within both morphospecies and even genetic species.
In any given assemblage, individuals that are morphologically intermediate between species concepts are
encountered, constituting a real challenge for those looking to pick a single species for geochemical applications, and
raising important ecological and microevolutionary questions. To date, studies have generally skirted around this
complex problem. Here we report on a community effort to document and describe more than 46,000 individual
planktonic foraminifera (comprising 32 species) from sediment core tops. Of those individuals identified by experts
utilizing the Zooniverse platform for classification projects, more than

72% have received high quality identifications (i.e., =75% agreement among four independent classifiers)
based on a single view of the individual in images taken under a stereolight microscope. These images, paired with
corresponding morphological measurements including major and minor axes length and 2D and 3D meshes and
outlines, constitute the largest database of expert-identified 3D morphological variability within a clade of modern
taxa. They thus serve as an important new resource for those looking to learn modern foraminiferal taxonomy or
study ecological or evolutionary patterns. In addition to reporting on the lessons learned from this community effort,
we will also describe the efficacy of modern machine-based deep learning techniques, leveraging this dataset to
automatically identify species from out-of-sample images. We provide a case study of the utility of this approach,
considering within- and among- species trends in body size in the North Atlantic Ocean.
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Ecological and evolutionary drivers of temporal
variations in body size
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Body size, being well accessible in fossils, has been a research focus for generations of
paleontologists. Most studies focus on long-term evolutionary trends within or across lineages or on short-
term variations in the context of evolutionary crises. Here we address, based on a compilation of more than
6000 interval-to-interval changes of body size in marine taxa, how the oft-cited Lilliput effect compares
across spatio-temporal scales. To assess body-size changes, we used the log-ratio of the geometric means
of body-size estimates from one interval to the next. This measure of effect size is theoretically
independent of absolute body size and symmetrical for losses and gains.

There is a tendency of effect size and variance to increase with temporal and taxonomic scale
suggesting that changes in body size are largely manifested in macroevolutionary rather than phenotypic
processes. Some higher taxa such as fishes and ammonoids appear to be more prone to body size changes
than others, but sampling issues prevent a conclusive statement. Effect sizes are weakly but significantly
correlated with body size suggesting that larger organisms are more prone to body size change than smaller
organisms.

To test if the Lilliput effect is significantly linked to environmental perturbations or rather deceived
by the focus of pertinent studies on mass extinctions, we compared the large dataset of pure background
changes with those of inferred background to crises changes. Negative changes of body size are
significantly more pronounced during changes from background to crises intervals than in any other
combination of the background-crisis-survival-recovery intervals. This maintains that the Lilliput effect is a
common phenomenon during evolutionary crises, but the mechanisms still need to be better understood.
Body size reduction cannot be taken as evidence of warming-induced crises, since it occurs during
hypterthermals (e.g., end-Permian) as well as hypothermals (e.g., Late Ordovician).

’ Speaker

96



S4 // Oral

The R package ‘divDyn’: diversity dynamics from
fossil occurrence data
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Methods to calculate accurate estimates of diversity dynamics are in constant development. These
include different metrics of global taxonomic richness, extinction and origination rates, as well as sampling
standardization protocols. With the increasing size of this toolkit, it becomes more and more difficult to
keep track of the different methods, and to compare their performance and applicability.

Depending on their quantitative skills, researchers tend to implement their own solution to create
time series of biodiversity dynamics. Students and less quantitatively inclined researchers either rely on
snippets of code or collaboration with colleagues. As reconstructed trajectories of biodiversity dynamics are
often the basis of hypothesis testing, the community would benefit from an accessible toolkit to calculate
diversity dynamics from fossil occurrence data. We hope that a user-friendly implementation will facilitate
the distribution and wider application of these approaches.

Here we present the R package ‘divDyn’ that allows the rapid calculation of a large array of raw and
sampling-standardized metrics of diversity dynamics. The package is applicable to any sort of time-binned
occurrence databases such as the Paleobiology Database. The ‘divDyn’ package also offers functions to
generate matrices of survivorship probabilities, environmental affinities, and tests of extinction selectivity.
The unique subsampling wrapper function allows the application of popular sampling standardization
processes such as classical rarefaction, occurrences-weighted by-list subsampling, and shareholder quorum
subsampling.
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Although we have a detailed understanding of the geographic structure of life in the oceans, we still
know little about its determinants and history. Seawater temperature and habitat areas have changed
substantially over the last 10 million years. As both these variables have a significant impact on species
distributions, we expected bioregionalisation patterns to have changed markedly over that interval of time.
To compare past and present-day biogeography, we outlined benthic bioregions with the ‘infomap’
community detection algorithm on networks constructed from occurrences of both recent and fossil
species (using data from OBIS and Paleobiology Database, respectively). We found that global patterns of
benthic biogeography remained remarkably stable in the last 10 million years. Current bioregions are
traceable back in time and they had similar positions in the past. Our results suggest that continent
configuration and the latitudinal temperature gradient jointly define marine biogeography. Landmass
barriers and open ocean barriers control habitat space and its connectivity, while changes in seawater
temperature slice the connected areas to latitudinal series of bioregions.
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accuracy in data matrices for phylogenetic analysis
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Large phylogenetic data matrices often contain problematic scores: typographic and similar
accidental errors; redundant characters whose scores are predictable from each other; characters with only
one described state; plesiomorphies in morphologically immature specimens scored at face value; even
taxa scored after presumed close relatives. Further, even continuous characters are usually unordered. We
find that the frequency and the impact of these issues has been underestimated.

As an example, we report thousands of misscores in the largest published matrix of early limbed
vertebrates, which failed to recover several widely accepted clades and found the “temnospondyl
hypothesis” on the origin of Lissamphibia (TH) to be more parsimonious than the “lepospondy! hypothesis”
(LH). After improving the mentioned issues, we find much longer trees with more conventional clades and
with the LH markedly shorter than the TH; the sister-group of Lissam-phibia is a large clade that includes
adelogyrinids, urocordylid “nectrideans” and A’istopods.

Adding 56 OTUs to the original 102 increases the resolution. The added taxa range in completeness
from complete articulated skeletons to an incomplete lower jaw. Even though three particularly
lissamphibian-like temnospondyls (e.g. Gerobatrachus) and an extremely peramorphic (thus temnospondyl-
like) salamander are added, the difference between LH and TH rises slightly, despite low support; a clade
composed of Brachydectes (Lysorophia) and Brachystelechidae (”Microsauria”) is the sister-group of
Lissamphibia. The TH requires several more regains of lost bones than the LH, contrary to recent literature.

Bayesian inference of the enlarged taxon sample mostly agrees with parsimony. High posterior
probabilities are found for Lissamphibia (1.00) and for the LH (0.92); many other branches are weakly
supported and short, as expected from the character/taxon ratio (< 3:1).

We discuss phylogeny, approaches to coding, methods of phylogenetic inference, some character
complexes, and prospects for further improvement of this matrix. In its present state, even after our
changes, the matrix cannot provide a robust assessment of the phylogeny of early limbed vertebrates;
sufficient improvement, however, will be laborious but not difficult.

Similar ongoing work on a recent matrix for analysis of dinosaur phylogeny confirms that every cell
in a matrix can impact the resulting trees and that published support values do not always stand up to
scrutiny.
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between the British Geological Survey and the
Nanjing Institute of Geology and Palaeontology
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The British Geological Survey (BGS) palaeontological collection of around 3 million fossils has been
systematically gathered over 150 years from all over the United Kingdom to exacting and consistent
standards. The collection is supported by a large amount of supporting biostratigraphical information
spanning around a century and containing a large number of sections and spot localities. The collection and
its supporting information is the most representative database of British fossil occurrences, and as such has
the potential for underpinning significant scientific research. To release the value of this data, much of
which is contained within analogue documents or simple document scans the BGS is working with the
Nanjing Institute of Geology and Palaeontology (NIGPAS) to transfer data to the NIGPAS-hosted
GeoBioDiversity database which is almost unique in being the only large database to hold sequences of
fossils tied to sections, rather than just spot collections, and can be used to improve the quality of
international correlation. GeoBioDiversity is the International Commission on Stratigraphy’s official
nominated database. Another aim of the project is to develop innovative ways of extracting meaning from
written texts using artificial intelligence and automation so that large amounts of biostratigraphical
information can rapidly and easily be accessed. BGS and NIGPAS carried out a pilot project between
October 2017 and January 2018, at the offices of the BGS. A UK database was developed and a method was
investigated to establish workflows for extracting stratigraphic and palaeontological data from BGS scanned
and other paper reports. The ultimate aim is to develop very large databases for standard sections, CONOP
and graphic correlation. These will improve BGS models and stimulate UK and international science and
bring palaeontology into the realm of ‘big data’.
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Conodonts have one of the best fossil record of any animal group, and an important morphological
diversity. Through history, many authors have noted repeated and phylogenetically independent evolution
of various morphological characters, notably in the P elements: changes in size, appearance of a platform
and reduction of the basal cavity. More recent works have shed light on the function of these elements,
which allowed the breakdown of food. In this context, the study of these repeated evolutionary events,
over a large time span, may help understand and test which ecological variables could have influenced their
appearance. To achieve this, we are collecting morphological and associated paleo-environmental data
from the bibliography and available collections to create a large conodont database. The relationships
between the various data obtained may then be explored and tested via multivariate statistics. Ultimately,
identifying ecological conditions in which conodont morphology was modified, combined with the arising
functional knowledge of the conodont apparatus, may hint at potential adaptive interpretations for these
evolutionary trends.
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The Invertebrate Paleontology collection at the Natural History Museum of Los Angeles County
(LACMIP) is digitizing the world’s largest collection of Cretaceous marine invertebrates (bivalves,
gastropods, cephalopods) from California, USA and Baja California, Mexico to create research-ready
resources promoting international collaboration. By the end of this two-year grant (NSF DBI 1561429), at
least 21,000 specimen lots (126,000 specimens) will be cataloged, 2,930 localities will be georeferenced,
and a representative selection of species (about 5% of all cataloged lots) will be imaged. Significant effort is
being made to standardize and modernize the taxonomic and stratigraphic nomenclature used for this
project to promote consistency internally, as well as across future research endeavors, so as to enable the
highest quality research by downstream users of these data. In addition to the resulting taxonomic
dictionary and stratigraphic lexicon, digitization products will include a bibliography, image library, and
searchable inventory of LACMIP Cretaceous collections, all of which will be made publicly accessible online.
The vast majority of these collections represent decades of field work and are from localities no longer
accessible due to land development, highlighting the value of digitally-accessible museum collections in the
future of paleontology. Relatively few studies have explored the Cretaceous marine invertebrate faunas
from the Pacific Slope of North America. Those that do exist typically focus on the descriptive taxonomy of
bivalves and gastropods (see Saul, Squires, Popenoe, et al.), yet there is great potential for robust
paleoecological and biogeographic analyses across these fossil communities. Likewise, while heavy research
emphasis has been placed on Cretaceous marine invertebrates from the epicontinental seaways of North
America and Europe, these faunas should also be juxtaposed with their open-ocean counterparts. Further
disparities between the published and unpublished diversity of Cretaceous Pacific Slope marine faunas
have come to light over the course of this project. Digitization of the LACMIP collections described here will
soon permit such comparisons, thus facilitating opportunities for future research to close important
knowledge gaps in Cretaceous paleontology.
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Novelty, adaptive radiations and evolutionary
diversification
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In 1960, G. G. Simpson argued that the history of life can be described as a series of adaptive
radiations, essentially the point illustrated by the only figure in Darwin’s Origin of Species. The term
adaptive radiation has been applied to a wide range of diversification patterns, some of continental extent
or extending over long time spans, and which are inconsistent with ecological models of adaptive
radiations. This has led to proposals of many other types of evolutionary diversifications, although the
boundaries between these are often indistinct. In particular, while many biologists since Simpson have held
that adaptive radiations reflect response to ecological opportunity, the relationship between adaptive
radiations and evolutionary novelty has largely been assumed rather than demonstrated. Using studies of
adaptive radiation (both ecological and from deep time), | evaluate evidence for the relationship between
adaptive radiations, evolutionary novelty (defined here as the formation of newly individuated characters
or character suites), taxic diversification, and evolutionary innovation (changes in the structure of
ecological communities). These have been seen as linked through the origin of ‘higher taxa’, but case
studies where well-resolved phylogenies exist demonstrate that they are not necessarily correlated, and
novelty is largely uncorrelated to adaptive radiation.
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Near coincidence of maximum Deccan volcanism
with the Cretaceous-Paleogene boundary :
evidences from U-Pb geochronology and mercury
chemostratigrahy
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Mercury (Hg) as indicator of large-scale volcanism in marine sediments provides new insights into
relative timing between biological and environmental changes, mass extinctions and delayed recovery. The
bulk (80%) of Deccan Trap eruptions occurred over a relatively short time interval in magnetic polarity C29r.
U-Pb zircon geochronology reveals that the onset of this main eruption phase around 250 ky before the
Cretaceous-Paleogene (KPg) mass extinction and continued into the early Danian suggesting a cause-and-
effect relationship. We investigate the mercury (Hg) contents of 15 KPg sections. In all sections, results
show Hg concentrations are more than 2 orders of magnitude greater during the last 100ky of the
Maastrichtian up to the early Danian Pla zone (first 380 ky of the Paleocene). These Hg anomalies are
correlative with the main Deccan eruption phase. At Gams (Austria), Bidart (France) and Elles (Tunisia), Hg
anomalies correlate with high shell fragmentation and dissolution effects in planktic foraminifera indicating
that paleoenvironmental and paleoclimate changes drastically affected marine biodiversity. Hg isotope data
from Bidart support a direct fallout from volcanic aerosols. PGEs data from Mishor Rotem (Israel) from the
KPg transition provide some important clues about the Hg deposited in the KPg layer, which appears to be
more linked to volcanism than impact, suggesting a major pulse of Deccan activity just before and at the
KPg that resulted in rapid climate warming and ocean acidification, increasing biotic stress that predisposed
faunas to eventual extinction at the KPg.
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The Frasnian-Famennian boundary mass extinction —
widespread seismic events, the timing of climatic
pulses, "pelagic death zones”, and opportunistic
survivals

Ralph Thomas Becker * ! Zhor Aboussalamt, Sven Hartenfels

! Institut fur Geologie und Paldontologie, WWU Minster (WWU) — Corrensstrasse 24, D 48149 Minster, Germany

The Frasnian/Famennian mass extinction has remained enigmatic due its complexity, with rapid
climate and sea level fluctuations, anoxia, stepped and regionally different extinction patterns, and highly
variable opportunistic survival and re-radiation in different fossil groups and fragmented ecosystems. We
present data for new and refined sections of the Rhenish Massif (Germany) and Morocco. The youngest
Rhenish reef complex is exposed in a large quarry near Wilfrath. There, a thick stromatoporid-coral
carbonate platform drowned in the upper Frasnian and turned into an open microbial biostrome. Current-
oriented large orthocones indicate shallowing upwards. The microbial phase ended sharply with the
transgressive, black, goniatite-rich Upper Kellwasser Limestone. However, a rapid turn of sea-level is
marked by a long sedimentary gap below pelagic black shales of the top termini Zone. A temporary lateral
section showed that the hiatus was caused by a major tectonic event, which uplifted the northern flank of
the Velbert Anticline, resulting in a significant angular unconformity. Long known other Rhenish sections
indicated a F-F boundary seismic event. At Beringhauser Tunnel (eastern Sauerland), unique, microbial
Kellwasser Beds are sharply overlain by a thin, dark mudstone with torn pieces of the underlying wacke-
packstone. Its strange microfacies defies currently a sedimentological explanation. This F-F boundary bed is
free of macrofauna and overlain by an equally unique mudclast mass flow. The reported sudden cooling (up
to 7°) occurred at this level, not in the Upper Kellwasser beds, which developed in a very hot phase. It is
probably not a coincidence that major mass flows characterize also the basal Famennian of the distant
carbonate platforms of South China. Accordingly, pelagic top Kellwasser Beds of SE Morocco were re-
sedimented by seismic shocks in the basal Famennian. In a deeper shelf basin of the eastern Anti-Atlas, fine
siliciclastic sedimentation continued through the Kellwasser Crisis. But, despite the absence of any
sedimentary perturbation, the top Frasnian conodont and homoctenid extinction occurred, as on the
adjacent platform. This left a fossil-free, basal Famennian “death zone”. The opportunistic survival of just
one ammonoid, Phoenixites frechi, was restricted to the western Prototethys. New findings from the
Ardennes prove that the loss of competition enabled a post-extinction ecological expansion into shallow
brachiopod facies.
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history of Cenozoic Crocodylomorphs: an updated
review with new perspectives
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Crocodylomorphs and birds were the only Archosaurs to survive the K-Pg extinction. Seven
crocodylomorph lineages survived: Crocodyloidea, Alligatoroidea, Gavialoidea, Planocraniidae,
Borealosuchus (Neosuchia, Crocodylia), Dyrosauridae (Neosuchia, Tethysuchia) and Sebecidae
(Metasuchia). The first five lineages inhabited former Laurasian continents (North America, Europe and
Asia), while Sebecidae has a South American origin and Dyrosauridae inhabited all continents surrounding
the Atlantic Ocean and the area of modern India. The survival of Crocodyloidea, Alligatoroidea and
Borealosuchus may be related to the freshwater habitat of these groups, while that of Dyrosauridae and
Gavialoidea to an estuarine (but not fully marine) habitat and dispersal capabilities. The survival of
Sebecidae may be due to the peculiar crocodylomorph fauna of the Late Cretaceous of South America,
while that of Planocraniidae is yet to be properly addressed. A global cooling in the Eocene may have
caused the extinction of the high-latitudes inhabitants Planocraniidae, Borealosuchus and the European
sebecids, as well as the estuarine Dyrosauridae. The sebecids are likely totally extinct after the Middle
Miocene trough their disappearance from South America, possibly due to environmental changes caused
by the orogenesis of the northern portion of the Andes. After that, Gavialoidea, Crocodyloidea and
Alligatoroidea would be the only groups remaining. Due to their salt-water tolerance, the Crocodyloidea
were able to disperse largely from their original ”"laurasian” distribution, reaching Australia and Africa. They
also reached the American continents again at least twice through the Cenozoic: one from Africa through
Crocodylus, in the Oligocene, and other through the Tomistomines, which have three genera
(Gavialosuchus, Thecachampsa and Charactosuchus) occurring from the Eocene to the Miocene in the
continents. Gavialoids may have had salt-water tolerance in the beginning of the Cenozoic, which may be
related to their dispersion from Africa or Asia to South America in the Paleogene, forming the
Gryposuchinae clade. Alligatoroids have no record of a high level of salt-water tolerance but have also
performed significant dispersions. Among these, one from North America to South America during either
the Late Cretaceous or the Paleocene (originating the clade Caimaninae) and at least two towards Asia
during the Cenozoic (related to the occurrences of Krabisuchus and Alligator) stand out.
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Middle Triassic ostracods from the North Dobrogean
Orogen (Romania): between long-term survival and
emergence of Triassic taxa
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Ostracods are minute crustacean characterized by their calcified bivalve carapace, which provides
them with a good fossil record from the base of the Ordovician to present days. In neritic marine
environments, ostracods have been deeply affected by the end-Permian extinction and it is widely
considered that their assemblages where fully recovered during the Anisian (Middle Triassic). However,
many questions are still pending as to the mechanisms of their recovery and the characteristics of the
associated environments. The North Dobrogean Orogen in Romania is a pivotal area to characterize the
post-extinction evolution of both shallow- and deep-water ostracods during this time interval. Several
works have documented deep-water ostracod assemblages during the Anisian and reported the
exceptional survival of Palaeozoic taxa (such as the genus Acanthoscapha). Recently, the analysis of a
synchronous neritic assemblage has recognized for the first time the occurrence of typical Triassic taxa
including the genus Liuzhinia. Here we propose the first comprehensive summary of Anisian ostracods in
North Dobrogea, which brings new powerful arguments to the ideas on the environmental stability in deep
waters during most of the Late Palaeozoic and Permian-Triassic transition. We also demonstrate the
homogeneity of deep-water ostracods and the heterogeneity of shallow-water assemblages around the
Palaeo-Tethys during the Anisian. In spite of slight disparities, a peri- Palaeo-Tethyan province is identified
for marine ostracods during the Anisian and could be related to a surface circulation cell bathing this area.
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the Aras Valley section (NW-Iran) during the end-
Permian mass extinction
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The end-Permian mass extinction, one of the most severe biotic crises in Earth history, is still a
matter of debate regarding the responsible environmental and climatic conditions. In our study, we
investigate the ostracod diversity of the north-western Iranian Aras Valley section in combination with
geochemical proxies, such as d13C and d180, to examine environmental changes during and after the
extinction. The Late Changhsingian Paratirolites Limestone and the subsequent "Boundary Clay” (= Aras
Member) are assumed to display continuous successions without major gaps in the sedimentary record.
The diversity patterns right before and after the extinction show a restructuration of the ostracod
community from a normal diverse assemblage with occurrences of possibly predatory planktonic forms in
the upper Paratirolites Limestone to an abundant and diverse benthic assemblage up to the middle part of
the Aras Member. This transition furthermore indicates the onset of different trophic conditions after the
extinction with the disappearance of possibly predatory ostracods and occurrences of Platycopida in the
Boundary Clay. The generally high species richness and high abundance of ostracods in the Aras Member,
which is, in contrast to other Permian-Triassic sections, not linked to an onset of possibly protective
microbial mats, leads to the assumption that significant anoxic conditions were not affecting the Aras Valley
section right after the extinction horizon. A decreasing diversity in the upper part of the Aras Member,
together with mass occurrences of Bairdiacypris ottomanensis and pustular representatives of this species
are correlated with a persistent temperature rise (data from conodonts); these suggest changing
environmental conditions.
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Novispathodus ex gr. waageni
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In Palaeontology, the concept of species is usually based on a combination of discrete
morphological characters. This is particularly true for extinct fossil groups such as the conodonts
characterized by their high abundance and evolutive rate, and for which there exists no extant analogue.
Authors’ views on what defines a fossil species may differ substantially, depending also on the quality of
their collections. Thus, to avoid the biases due to the lumping vs. splitting efforts of previous authors, it is
advisable to ‘standardize’ the taxonomy of conodonts to study the temporal evolution of their diversity.
Conodonts are mainly known from their mineralized feeding elements, also called conodont elements. We
are interested in the evolution of their diversity, in particular in the aftermath of the end-Permian crisis.

Novispathodus waageni and Novispathodus pakistanensis are iconic species of Early Triassic
Smithian substage (Early Olenekian, “251 Ma), usually considered as being clearly distinct taxa. In large
conodont collections from Oman representatives of these species co-occur with many seemingly
intermediate forms, which suggests they may not be as distinct as one thought. On the other hand, many
different morphotypes of N. waageni have been described by various authors as elements of N. ex gr.
waageni, although they may belong to distinct species.

Using microtomography, we scanned about 170 P1 conodont elements from that conodont-rich
Smithian sample from Oman. Applying 3D geometric morphometrics as outline analyses, landmarks and
sliding landmarks, and angle measurements, we are quantifying the morphological characters typically used
in conodont systematics. We want to decipher which traits drive the morphological variation within such
assemblage, and to assess whether and how specimens cluster in the morphospace. Are N. waageni and N.
pakistanensis two distinct species? Are there more than two distinct morphometrical clusters, and thus
possibly species? How may this modify our interpretation of the Early Triassic conodont record? We will
present and discuss our preliminary results.
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Impact of the end Triassic mass extinction on insect
diversity and ecology
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The fossil record is not a perfect record of past life but it can give us important insights into how
past events affected the diversity and evolution of organisms through time. Insects are one of the most
diverse and important groups of animals in terrestrial ecosystems and this is thought to have been true
throughout their evolutionary history, therefore understanding the effects of large scale environmental
perturbations on entomofaunas is important for understanding changing terrestrial ecosystems. Utilising
museum collections and online databases we constructed the first species level dataset of insect diversity
across one of the five largest extinction events to have occurred on Earth, the end Triassic mass extinction.
Past studies have suggested that the ETME did not impact insects as much as some other groups, but this
may not be the case. British deposits from this time provide highly resolved stratigraphy coupled with
abundant insect fossils providing a resouce for a thorough investigation of the ETME, but much of the
taxonomy of the collections was historic. We therefore taxonomically revised key orders of insects from the
British collections and compared diversity changes at the local level with changes at the global level.
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Repeated extinctions by cosmoclimatological driver:
GCR flux and global cooling
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The end-Paleozoic extinction that determined the fate of modern animals including human beings
occurred in two steps: first around the end-Middle Permian (Guadalupian-lopingian boundary; G-IB) and
then at the end-late Permian (Permian-Triassic boundary; P-TB). Biological and non-biological aspects
unique to the G-IB event include significant drop in biodiversity, isotope ratios (C, Sr etc.) of seawater, sea
level, ocean redox state, episodic volcanism, and geomagnetism, suggesting the ultimate cause was related
not to the planet’s surface phenomena but to those in the interior. As the G-IB and end-Ordovician
extinctions share multiple similar geologic phenomena including the appearance of global cooling, the same
cause and processes were likely responsible for the two events. In addition to the currently most popular
scenario of mantle plume-generated large igneous provinces (LIPs), an emerging perspective of
cosmoclimatology is noteworthy. Galactic cosmic radiation (GCR) and solar/terrestrial responses in
magnetism could have had a profound impact on Earth’s climate, in particular, on extensive cloud coverage
(irradiance shutdown). The star-burst events detected in the Milky Way Galaxy apparently coincide in
timing with the cooling-associated major extinctions of the Phanerozoic, e.g. end-Ordovician and G-IB
episodes, and also with the Proterozoic snowball Earth episodes at ca. 2.3 Ga and 0.7 Ga. As an ultimate
cause for major extinction, the episodic increase in GCR flux from the source (dark clouds derived from star-
burst) against the strength of geomagnetic shield likely determined the major climate changes, particularly
global cooling in the past. Apart from these observations on timing, material-based evidence for the
extraterrestrial forcing immediately before the main extinctions is lately appearing. The study of mass
extinctions on Earth is entering a new stage with a new cosmoclimatological perspective.
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Pleurotomariida) at the Paleozoic - Mesozoic
transition
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During the Paleozoic-Mesozoic transition, the marine fauna suffered severe extinctions and
underwent major changes. Although gastropods were less affected than other groups, major shifts
occurred within Gastropoda. One of the most diversified gastropod groups of the late Paleozoic seas, the
slit bearing nacreous vetigastropods (pleurotomariids), decreased significantly during the transition period
and became a minor component of the post-Paleozoic fauna. A global Triassic gastropod species database
includes 2,150 nominate Triassic species representing 430 genera, 122 families and 53 superfamilies.
Permian pleurotomariid genera were analyzed from the Paleobiology Database. Diversity of pleurotomariid
genera decreased gradually starting from the mid-Permian; only a quarter of the Permian genera survived
into the Triassic. Despite gastropod recovery on the species level during the Triassic, pleurotomariids could
not reach the level of diversity they had before the mass extinction. The ratio of global pleurotomariid
genera to the total gastropod genera declined from 30 % to 14 % from the Permian to the Triassic.
Abundance of pleurotomariids in gastropod assemblages decreased from 30-40 % in the late Paleozoic to 1-
5 % in the early Mesozoic. Caenogastropods became the most diversified group in the Triassic and comprise
39 % of the global gastropod species diversity during the Triassic, whereas the species diversity of
pleurotomariids comprises only 11 %. Standing species diversity of the four major subclasses
(Caenogastropoda, Heterobranchia, Neritimorpha, Vetigastropoda) show similar trends and increased until
the Carnian and decreased afterwards. However, pleurotomariids (comprising roughly half of the
vetigastropod species diversity) had a diversity decline during the Ladinian. This suggests that they have
failed to recover during the Triassic. The generic standing diversity of the four major subclasses, similar to
the diversity trends on the species level, peaked during the Carnian and boundary crossers peaked at the
Carnian-Norian boundary. By contrast, the generic diversity of pleurotomariids rose only slightly until the
Carnian and the boundary crosser genera decreased earlier after the Ladinian-Carnian boundary. The
failure to fully recover and the other mentioned differences in diversity dynamics to other gastropod clades
show selectivity against pleurotomariids. Possible reasons, among others, are predation pressure or limits
in tiering and feeding.

' Speaker
! Corresponding author: b.karapunar@Irz.uni-muenchen.de

114



S5 // Oral

Molecular and morphological evidence for a rapid
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Despite their astonishing diversity, with over 3400 living species, the early evolutionary history of
crown group snakes remains poorly understood. Factors such as limited fossilisation potential and
homoplastic vertebral characters have made phylogenetic inference and the dating of divergence events
difficult. Previous analyses have focused on reconstructing ancestral conditions in crown and stem snakes,
but continue to be plagued by uncertainty in tree topologies and the timing of diversification events. Here,
we apply molecular clock methods to a dataset of 52 nuclear and mitochondrial genes to elucidate the
early evolutionary history of crown snakes. We infer that as few as 5 extant lineages of crown snakes
crossed the Cretaceous-Palaeogene boundary. We suggest that the major radiation of Afrophidia (which
comprises most of the extant snake diversity and disparity) occurred in the wake of the K—Pg mass
extinction, as did the origination of Leptotyphlopidae, Typhlopoidea, and Amerophidia. To investigate
changes in snake disparity across the end-Cretaceous mass extinction, we performed Principle Component
Analyses on vertebral fossils from the Late Cretaceous and early Cenozoic, and infer that morphological
disparity was lower in the Palaeocene than in the Late Cretaceous and Eocene. Biogeographical analyses
suggest that the diversification of snakes in the Palaeocene coincided with the colonisation of Asia by
Afrophidia. Furthermore, aquatic snakes rapidly attained much larger sizes following the K—Pg transition
than their Cretaceous counterparts. Our results support the hypothesis of a post-K—Pg extinction radiation,
and simultaneous invasion of new niche spaces and landmasses by snakes. Together with mammals, birds,
frogs, and teleosts, snakes were an important component of the global post-extinction recovery of
vertebrate diversity.
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The Early Palaeozoic diversification in the marine realm comprises two main events, the Cambrian
Explosion” (CE) and the Great Ordovician Biodiversification Event” (GOBE). Traditionally the two events are
seen as either one coherent process within a unifying macroevolutionary dynamics or as the composite
result of processes at multilevel spatial and temporal scales. The diversification can also be conceptualised
as a pattern emergent from lower taxonomic levels and lower spatial scale. In this perspective the global
marine diversity trend would represent more than a trivial addition of more and more taxa, but the
appearance of new structural phenomena that in itself led to ever increasing numbers of coexisting taxa.

We estimated diversity trends and evolutionary rates for the Cambrian—Silurian interval in
unprecedented time resolution, applying capture-recapture modelling methods. As a result we identified
two main Early Palaeozoic diversity shifts reflecting the CE and GOBE peaks, respectively. Here we provide
additional statistical evidence for the significance of these events and present the results of several tests
for detecting significant diversity change-points.

Our estimated evolutionary rates are diversity independent and hence, diversity and turnover can
be interpreted as variables describing the state of the Early Palaeozoic marine ecosystem independently
from each other. This is most evident in a major temporal discrepancy between change-points of diversity
and diversification rates and change-points of per-capita rates of extinction and origination. The global per
capita turnover rates dropped drastically during the earliest Ordovician and at the same time the average
genus longevity increased. This Early Ordovician drop in turnover rates and the simultaneous rise in genus
longevity can be interpreted as a condition, setting the stage for the GOBE.
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The clade Parareptilia, the sister taxon of Eureptilia, is a group of sauropsids that thrived during the
Late Palaeozoic and Early Mesozoic. The earliest known parareptile appeared in the Late Carboniferous,
and from there the clade began to diversify, achieving considerable diversity and a cosmopolitan
distribution by the end of the Permian, as well as becoming an important component of Permian terrestrial
ecosystems. However, most major parareptilian clades go extinct during or before the end-Permian mass
extinction event, with only one clade, the Procolophonoidea, surviving into the Mesozoic, before eventually
going extinct at the end of the Triassic. Parareptilia is notable in that members of the clade exhibit a wide
range of morphologies. Examples include: small, predatory superficially lizard-like taxa, secondarily aquatic
taxa, and large, armoured herbivorous taxa. The wide array of morphologies present in the clade allowed
parareptiles to occupy and be successful in a variety of ecological niches. In order to better understand
parareptilian evolution and the numerous morphologies that appeared within the clade we investigated
both the morphological disparity and phylogenetic diversity of parareptiles over the course of their
evolution. To accomplish this our study uses phylogenetic data and statistical techniques to quantify the
morphological disparity of parareptiles during the Palaeozoic and Mesozoic, as well as comparing it with
their phylogenetic diversity. The results of our study indicate that there is an overall increase in
parareptilian disparity during the Permian with the highest peak occurring in the Early Permian. From there
parareptilian disparity fluctuates slightly, before it eventually declines sharply towards the end of the
Permian and into the Triassic, seemingly corresponding with the end-Permian extinction event.
Interestingly, this is a different trend to what is observed regarding parareptile phylogenetic diversity
during this same time frame. As the diversity of the clade does not experience the same sharp drop at the
end of the Permian, not being as heavily affected by the extinction event. This is likely in part due to the
fact that, despite the extinction of several morphologically distinct parareptile clades, the procolophonoids,
one of the largest parareptilian clades, were diversifying at the same time, resulting in the evolutionary
patterns that are observed here.
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Gondwanan flora through the Permian-Triassic
biotic crisis in southern high palaeolatitudes,
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The Permian—Triassic biotic crisis, ca 251.9 million years ago, was the largest of the ‘big five’ mass-
extinction events in Earth’s history. Nearly 60% of families and 80% of genera were extinguished. Most
previous studies of this crisis have focused on marine and Northern Hemisphere successions. We are
undertaking the first detailed investigation of extinction and recovery patterns in the terrestrial flora at
high (> 65°) southern palaeolatitudes by extensive sampling of drill cores and outcrops in the Bowen and
Sydney basins, Australia. Initial results indicate a dramatic termination of coal sedimentation at the end of
the Permian, and a gradual increase in red—green iron-rich mudrocks through the Early Triassic. Forests of
broad-leafed glossopterid gymnosperms dominated the latest Permian peat-forming communities and
were the main casualties of the extinction event on land amongst plants. Several subsidiary gymnosperm
(conifers and seed-ferns), fern and horsetail groups also became extinct at this time. These extinctions are
reflected in both the leaf macrofossil record and pollen assemblages. Stepwise recovery and evolution of
the Triassic vegetation is characterised by the appearance of small-leafed Lepidopteris (Peltaspermales) and
Voltziopsis (conifer) trees, followed by successive spikes in abundance of lycophytes (club-mosses), then
Dicroidium (Corystospermales). The spore-pollen record has facilitated the identification and correlation of
six palynostratigraphic zones (one Permian, five Triassic) across multiple sections in the Sydney Basin, with
no consistent evidence of a depositional hiatus across the P-T boundary. Quantitative palynology was
employed to reveal the fine-scale changes across the P-T boundary. The stepwise recovery and
replacement exhibited by the macroflora was also observed in the palynological record; several common
Permian palynofloral elements persist in low abundances until the upper Lower Triassic, and several other
spore-pollen groups show a protracted increase in abundance and diversity over the same interval. The
end-Permian extinction was probably linked to the largest known continental flood basalt eruptions in
Siberia, which affected the atmosphere and climate and led to intensification of the Pangaean monsoon
system at that time.
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The Cretaceous/Paleogene boundary at Oued El Malah section, Tunisia, revealed the presence of
marine organic-walled microfossil dominated by well-preserved and diversified dinoflagellate cysts. The
biostratigraphic study of dinocyst assemblages identified the K/Pg boundary just above the Latest
occurrence from Dinogymnium cretaceum, Dinogymnium acuminatum and Alysogymnium eucleanse and
immediately below the first occurrence of the basal Danian markers Damassadinium californicum and
Carpatella cornuta. This recognized boundary based on dinocyst assemblages coincides with the K-Pg
boundary previously known based on lithostratigraphy (the iridium anomaly) and planktic foraminiferal
biostratigraphy. The dinocysts assemblage is dominated by Cerodinium, Lejeunecysta, Senegalinium,
Andalusiella and Phelodinium groups that characterize the Malloy suite (Lentin and Williams, 1980), and
therefore confirms a deposit in a tropical or subtropical province Tethyan for the interval studied at Oued El
Malah section.

The Cretaceous/Paleocgene boundary at Oued El Malah section, Tunisia, revealed the presence of
marine organic-walled microfossil dominated by well-preserved and diversified dinoflagellate cysts. The
biostratigraphic study of dinocyst assemblages identified the K/Pg boundary just above the Latest
occurrence from Dinogymnium cretaceum, Dinogymnium acuminatum and Alysogymnium eucleanse and
immediately below the first occurrence of the basal Danian markers Damassadinium californicum and
Carpatella cornuta. This recognized boundary based on dinocyst assemblages coincides with the K-Pg
boundary previously known based on lithostratigraphy (the iridium anomaly) and planktic foraminiferal
biostratigraphy. The dinocysts assemblage is dominated by Cerodinium, Lejeunecysta, Senegalinium,
Andalusiella and Phelodinium groups that characterize the Malloy suite (Lentin and Williams, 1980), and
therefore confirms a deposit in a tropical or subtropical province Tethyan for the interval studied at Oued El
Malah section.
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The Mulde bioevent (428 million years ago) was one of the most important geobiological events
which affected biota during the dynamic Silurian period. At that time, most of the graptolites went extinct.
However, so far, it is not much known about the impact of this event on to the benthic biota. Ostracods are
an important component of benthic communities and the ostracods of the Silurian period are insufficiently
investigated at global scale. The purpose of this work is to analyse the impact of the Mulde mass extinction
(Lower Silurian) on Ostracoda ecological dynamics. In order to achieve this goal, detailed sampling of the
Gé luva-118 core was performed, with processing of samples and extraction of ostracod shells. The
taxonomic identification and statistical analyses diversity were accomplished. During this study, 99 samples
(in 952,1 m - 1049 m depth interval) were analysed, which span approximately two million years, - starting
from the pre-extinction phase and the onset of the Mulde biotic event at the beginning of the Gé luva
regional stage to the final recovery. For the purpose of the chemostratigraphy 6180 and 613C stable
isotope analysis were performed. It was determined that immediately after the end of Mulde extinction in
concert with a sea levels rise, the increase of abundance and of diversity began and the maximum ostracod
abundance was reached. Statistical analysis shows high abundance of several dominant species, which
shows the decrease of complexity of ecosystems in the initial post-extinction stage. However, the upper
Wenlock is characterized by the decline of dominance and increase in entropy and species evenness.
Probably one of the most important factors driving biodiversity and abundance changes during this time
interval was eustatic change. It should be noted that maximum of abundance and diversity were reached at
the higher sea levels.
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The Late Ordovician Mass Extinction (LOME) was one of the largest extinction events of the past
500 million years. This event has been closely linked to climate change, with the first major extinction pulse
coinciding with cooling, expansion of south polar ice sheets, and sea level fall near the Katian-Hirnantian
boundary. However, it remains puzzling that the magnitude of extinction during the first pulse of the LOME
far exceeds that associated with other Phanerozoic glaciations. This disparity has led to suggestions that
cooling alone cannot account for the LOME. Here we integrate global circulation models and ecological
niche simulations to compare expected impacts of cooling on shallow marine fauna during the Late
Ordovician, Late Eocene-Oligocene, and Plio-Pleistocene climate transitions. We simulate six different types
of species, varying in both thermal tolerance range and dispersal ability. We randomly assign a range center
for each species and allow it to expand to fill the adjacent coastal cells that have pre-transition sea surface
temperatures within its thermal tolerance range. We then simulate a transition to glacial conditions and
determine which species would be able to disperse along paleocoastlines to stay within their tolerance
range, and which would be driven to extinction. We initially test whether paleogeography alone could have
resulted in higher extinction rates during the LOME, then add known changes in extent of continental
flooding and cooling from interval-specific global climate models. Our simulations predict much higher
extinction magnitude during the Late Ordovician transition than during the Cenozoic transitions,
particularly among species with narrow thermal tolerance ranges. These predictions are consistent with
observed extinction patterns, and bolster evidence that cooling could have been one of the major drivers of
Late Ordovician extinctions. Experiments with artificial thermal gradients only weakly support the
hypothesis that paleogeographic configuration of the Late Ordovician placed Late Ordovician species at
greater risk of climatically-driven extinction than their Cenozoic counterparts. However, when changes in
continental flooding are considered along with paleogeography, Late Ordovician species were at elevated
risk of extinction. We show that high extinction rates in the LOME are to some degree expected given
current constraints on paleogeography and rate and magnitude of cooling.

’ Speaker

121



S5 // Oral

Turning over a new leaf: the trophic evolution of
herbivorous archosauromorphs through the Late
Triassic and Early Jurassic
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A series of faunal turnovers in the Late Triassic saw a progression from archosauromorph to
archosaur-dominated faunas, and helped establish dinosaur terrestrial supremacy through the remainder
of the Mesozoic. Despite extensive study, the principal drivers of these turnovers remain hotly debated
with competition, increased volcanism, and bolide impacts suggested as possible triggers. Modern
investigation has shown that Triassic dinosaurs exhibited lower taxonomic and ecological diversity than
contemporaneous pseudosuchians and non-archosaur archosauromorphs, and refutes traditional ideas of
competitive superiority. Thus, attention is now focused on the impacts of environmental pressures, such as
the Carnian Pluvial Event (CPE) and Central Atlantic Magmatic Province (CAMP) eruptions. Understanding
the exact effects of these events is difficult, as imprecise chronostratigraphy has hampered attempts to
compile an accurate account of global events during the Late Triassic and Early Jurassic. Nonetheless,
recent biostratigraphic and geochronological revisions warrant fresh examination of macroevolutionary
events through this interval. Here we apply quantitative morphometric and multivariate, comparative
phylogenetic methods to infer patterns of trophic ecology and evolution in key herbivorous
archosauromorph clades. Using mandibular functional morphology, we compare the feeding ecology of
rhynchosaurs, aetosaurs, sauropodomorphs, and ornithischians, and assess the influence of climatic change
on their macroevolution. Our disparity and morphospace results support an extrinsic driver for the rise of
the dinosaurs, and reveal surprising patterns of eco-morphological evolution that suggest intrinsic factors
may have played a greater role in driving archosauromorph macroevolution than currently thought.
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Body size downgrading across the late Quaternary
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Since the late Pleistocene, large-bodied mammals have been extirpated from much of the Earth.
While all habitable continents once harbored giant mammals, the few remaining species are largely
confined to Africa. This decline is coincident with the global expansion of hominins over the late
Quaternary. Here, we quantify mammalian extinction selectivity, continental body size distributions and
taxonomic diversity over five time periods spanning the last 125,000 years and stretching “200 years into
the future. We also compile and analyze the global pattern of mammalian extinction over the Cenozoic as a
baseline. Our results clearly demonstrate that size-selective extinction was already underway in by the late
Pleistocene, that it occurred on all continents, within all trophic modes, and across all late Quaternary time
intervals, with the degree of selectivity decreasing towards the modern. Moreover, the degree of selectivity
was unprecedented in 65 million years of mammalian evolution and was not driven by climate change. The
distinctive selectivity signature implicates hominin activity as a primary driver of taxonomic losses and
ecosystem homogenization. Because megafauna have a disproportionate influence on ecosystem structure
and function, past and present body size downgrading is reshaping Earth’s biosphere.
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How is biodiversity produced? Biotic immigration
events, speciation, and the accumulation of
biodiversity in the fossil record
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Biotic Immigration Events (BIMEs) record the large-scale dispersal of taxa from one biogeographic
area to another and have significantly impacted biodiversity throughout geologic time. BIMEs associated
with biodiversity increases have been linked to ecologic and evolutionary processes including niche
partitioning, species packing, and higher speciation rates. Yet substantial biodiversity decline has also been
documented following BIMEs due to elevated extinction and/or reduced speciation rates. In this review, we
develop a conceptual model for biodiversity accumulation that links BIMEs and geographic isolation with
local (a) diversity, regional (8) diversity, and global (y) diversity metrics. Within the model, BIME intervals
are characterized by colonization of existing species within new geographic regions and a lack of successful
speciation events. Thus, there is no change in y-diversity, and a-diversity increases at the cost of 8-diversity.
An interval of regional isolation follows in which lineage splitting results in successful speciation events and
diversity increases across all three metrics. Alternation of these two regimes can result in substantial
biodiversity accumulation.

We tested this conceptual model using a series of case studies from the paleontological record. We
primarily focus on two intervals during the Middle through Late Ordovician Period (470— 458 Ma): the
globally pervasive BIMEs during the Great Ordovician Biodiversification Event (GOBE) and a regional BIME,
the Richmondian Invasion. We further test the conceptual model by examining the Great Devonian
Interchange, Neogene mollusk migrations and diversification, and the Great American Biotic Interchange.
Paleontological data accord well with model predictions.

Constraining mechanisms of biodiversity accumulation provides context for conservation biology.
Because a-, 8-, and y-diversity are semi-independent, different techniques should be considered for
sustaining various diversity partitions. Maintaining natural migration routes and population sizes among
isolated regions are vital to preserving both extant biodiversity and biogeographic pathways requisite for
future diversity generation.
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Fine-scale diversity analysis of Jurassic
Chondrichthyes disproves competition between
Jurassic elasmobranch and hybodontiform fishes
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Elasmobranchii (i.e., sharks, skates, and rays) constitutes a speciose group of marine vertebrates
encompassing more than 1.100 extant species, and according to our current knowledge, elasmobranchs
had their first appearance in the Permian, but they already might have originated even earlier. They
formed, together with hybodontiform sharks, their sistergroup ranging from the Devonian to the Late
Cretaceous, the most dominant chondrichthyan lineage during the Mesozoic. The late Early Jurassic (7180
Ma) is considered to mark a key time interval in the evolutionary history of elasmobranchs, because the
Toarcian witnessed a first major radiation event, as recorded by different published palaeodiversity
analyses, suggesting an abrupt and nearly simultaneous colonisation of a wide range of marine habitats.
Jurassic hybodontiforms are generally assumed to have been negatively affected by this event due to
increasing competition resulting in a diversity decline towards the end of the Jurassic while elasmobranchs
flourished. However, no detailed analyses have been conducted so far to test this hypothesis. In an attempt
to gain deeper insights into macroevolutionary patterns of Jurassic chondrichthyans, we analysed the
generic diversity of Jurassic elasmobranchs and hybodontiforms using published data as well as information
from new fossil material from the late Early Jurassic of Germany. Two diversity peaks can be discerned in
Lower Jurassic elasmobranchs, a weak one spanning the Pliensbachian-Toarcian boundary, followed by a
high peak in the latest Toarcian, indicating a stepwise rather than sudden increase during late Early Jurassic
times. Additional diversity peaks of high intensities are confirmed for the Middle (Bathonian) and Late
(Kimmeridgian) Jurassic. Diversity patterns of Jurassic hybodontiforms markedly differ from those of
elasmobranchs in showing only two weak peaks, one in the early Toarcian and one in the Bathonian. Mean
standing diversity and number of boundary crossers indicate a strong taxonomic increase in elasmobranchs
throughout the Jurassic, while in hybodontiforms a weak diversity increase across the Pliensbachian-
Toarcian boundary is recorded, before reaching a diversity plateau spanning from the middle Toarcian to
the end of the Jurassic. This pattern suggests that Jurassic elasmobranchs were not in direct competition
with hybodontiform sharks and thus may have used different adaptive traits to partition available niche
spaces efficiently.
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Late Triassic predator-prey escalatory dynamics in
the marine realm: macrofossil, microfossil,
sedimentological, and ichnological evidence
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The paleoecological structure of marine predator-prey interactions has undergone significant
transitions over the Phanerozoic, often in the aftermath of mass extinctions, but trophic cascades driven by
biological interactions may have contributed to substantial macroecological shifts. Identifying the nature
and timing of these biologically-driven restructuring events is convoluted by differential fossil preservation
of common marine predators and prey, which leads to complications in analyses of populations and
interactions between particular groups. During the Norian Stage of the Late Triassic, dramatic shifts among
predators and prey suggest that a global escalatory interval took place in shallow marine systems among
benthic taxa. Shelly invertebrate populations became increasingly infaunal, and several adaptations
developed independently among epifauna such as ability to cement and swim. Vertebrate predators
present a more complicated fossil record for this interval, but deposits of exceptional preservation suggest
a taxonomic radiation among groups specialized for shell-crushing, especially among benthicdemersal taxa.
Here, in order to elucidate the causal relationship between these changes, we present preliminary results
of a dual database documenting population shifts of predator microfossils and invertebrate macrofossils, in
a sedimentary and stratigraphic context.
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The Permian-Triassic macroevolutionary history of
Echinoids
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The Permian—Triassic bottleneck has long been thought to have drastically altered the course of
echinoid (sea urchin) evolution. Previous hypotheses postulated that the entire echinoid stem group, which
were abundant and morphologically diverse in the Palaeozoic, went extinct as a result of the end-Permian
mass extinction. However, recent fossil finds of stem group echinoids from the middle Triassic of Germany
and China are revising the scenario for the extinction of echinoids during the end-Permian extinction. We
herein present results using phylogenetic analyses of stem group and crown group echinoids from the Late
Palaeozoic and Early Mesozoic to document a revised macroevolutionary history of echinoids during the
end-Permian mass extinction. By including both stem group and crown group echinoids in our analyses,
including new and recently described species from the Early and Middle Triassic, we show that stem group
echinoid did survive into the early Triassic, and thus were not limited in their occurrence to the Palaeozoic
Era. We propose that stem group echinoids exhibited the Lazarus effect during the latest Permian and Early
Triassic, implying mass rarity, restricted distribution, low diversity or all of these conditions in the post-
Paleozoic stem group. Crown group echinoids, however, were comparatively diverse in the Early Triassic.
The crown group and stem group echinoids thus overlap over 20 million years in their stratigraphic ranges,
and the initial post-Palaeozoic diversification of the crown group echinoids accompanied the decline of the
echinoid stem group.

’ Speaker

127



S5 // Oral

Impact of the Grande Coupure event (Eocene-
Oligocene transition) on European rhinocerotoids:
rates of speciation and extinction as an explanation
of diversification patterns?
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Extant rhinoceroses (five species) are some of the most endangered species on Earth. Yet,
Rhinocerotidae were some of the most diversified large mammals after the Eocene, especially in Europe,
where they are now completely extinct. They are also the only vestiges of the superfamily Rhinocerotoidea,
which included diverse taxa such as the emblematic Paraceratherium (Hyracodontidae) and the peculiar
Amynodontidae.

Rhinocerotoids notably appear in Western Europe only after a faunal turnover termed the Grande
Coupure event, which is mainly explained by the closing of the Turgai Strait, leading to a connection
between Europe and Asia. This connection is considered to be responsible for the migration of Asian
Rhinocerotoids in Western Europe, leading to the extinction of endemic Perissodactyls such as paleotheres.
However, in detail, little is known about this event and its impact on perissodactyla, one of the prevailing
groups of large mammals during this period.

Here, we investigate the impact of this crisis through new phylogenetic hypotheses of two families:
Rhinocerotidae and Amynodontidae. These new phylogenies allow to study the diversification and
extinction rates of these clades. We expect to observe a peak of speciation and/or extinction rate near the
Grande Coupure event (around 34 Ma). This peak was previously observed in a recent study based on a
very large scale molecular supertree of mammals, calibrated in time by 30 fossil species. The rates of
speciation and extinction were estimated by birth-death-shift models.

The method that we use here to estimate speciation and extinction rates deeply focuses on the
contrary on extinct species, and in particular on their fossil record (not only last and first appearances),
instead of divergence times. Because extant species are clearly under-represented within Rhinocerotoidea
(only 5 species), morphological characters are preferred over DNA data, which prevents the use of
divergence time or fossil calibration. Therefore fossil occurrences are here very helpful for the estimation of
speciation and extinction rates. These rates will be discussed in the light of the Grande Coupure event, as
well as the Oligocene-Miocene transition for example, and compared between two families:
Rhinocerotidae and Amynodontidae. This will help to the understanding of these faunal changes among
perissodactyla. Rates could also later be compared to those estimated by other methods, such as the
Fossilized-Birth-Death process.
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Assessment of morphological richness in
morphospace: a case study for analysis of disparity
in ammonoids
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A new method to assess amount of the morphospace occupation, or morphological richness, is
introduced herein. It is based on multi-dimensional kernel density estimation of measurement data in a
morphospace. The abundance of each species is taken into account, and the landscape of the probability
density is depicted on the morphospace for each sample. Apparent morphological richness is estimated by
an extent of the Bayesian highest posterior density region of the probability density. In order to remove
sampling intensity biases, randomized subsampling of data is designed based on the sampling
incompleteness of the subsample. The sampling incompleteness is assessed using a morphological
rarefaction curve which depicts the relationship between the expected apparent morphological richness
and the sample size. The slope at a point on the rarefaction curve represents the sampling incompleteness
at the corresponding sample size. Subsampling is stopped when the final slope of the rarefaction curve falls
below a given value, and the apparent morphological richness of the subsample in this case represents a
standardized index of the morphological richness. This approach is closely related to the Alroy’s
shareholder quorum subsampling rather than classical rarefaction. The present method was applied to the
analysis of change in morphological disparity of ammonoids. The Raup’s parameters were estimated from
the figures of ammonoids published in the literature. Data were collected from more than 6000 species
registered in the Paleobiology Database (PDBD) ranging in age from the Devonian to the Cretaceous. The
abundance of each species was estimated by the collection-based occurrence data deposited in the PDBD.
Measurement data were transformed to remove skewness from the data and subsequently were
standardized so that the mean and variance are zero and one. The standardized morphological richness
was computed for each chronological bin. The standardized taxonomic richness was also estimated for the
utilized data set for each bin using the shareholder quorum sampling method. The comparison between
taxonomic richness and morphological richness in ammonoids reveals the following: morphological
richness relative to taxonomic richness was generally high from the Lower Devonian to Guadalupian; but
suddenly dropped in the Lopingian and remained at low levels until the Upper Triassic; and it had remained
low throughout the Jurassic and Cretaceous.
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Preliminary results of a morphometric analysis of
Permo-Triassic ammonoid suture lines:
morphogenetic and phylogenetic implications
during a diversity bottleneck
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The end-Permian mass extinction was the most severe extinction in the history of life, wiping out
more than 90% of marine species. Only one order of ammonoids survived it on a long term: Ceratitida.
These are widely used for the construction of biochronological time scales, and as such play an essential
role in our understanding of the biotic crisis and the subsequent rediversification. Their phylogeny, and
thus systematics and taxonomy, is however still relatively poorly resolved. Many previous hypotheses are
mostly based on their suture line morphology with a purely descriptive, typological method, mostly without
considering the asymmetry and the ontogenetic and intraspecific variation. For example, some authors
differentiated Proptychitidae from Gyronitidae exclusively by the presence of an auxiliary lobe in the suture
line. Recent collecting and analyses of large populations showed that within some species, this trait is
actually highly variable and tends to be absent in evolute variants. Additionally, some specimens have an
auxiliary lobe only on one side, making their classification in previously established schemes impossible. In
contrast, some details of the suture line such as the size and position of the indentations in the lobes were
previously most often disregarded but proved to be stable within assemblages and rather easily traceable
between different species. Here we quantify suture line morphology using a morphometric method
(Fourier transforms) on a large dataset of Changhsingian (late Permian) to Smithian (Early Triassic)
ammonoids. This method is used for the first time on such a long time interval. It allows a better
understanding of the intraspecific variability, covariation with whorl section shape, ontogeny and
taxonomic and phylogenetic significance of suture lines. In turns, combined with a stratophenetic
approach, it allows the establishment of a new phylogenetic scheme for Permo-Triassic ammonoids,
supported by quantitative rather than descriptive data. Obtaining such a well-established phylogeny is
fundamental for the understanding of the response of ammonoids to this mass extinction and of their
following recovery.

' Speaker
! Corresponding author: david.ware@mfn-berlin.de

130



S5 // Oral

Extinction selectivity of corals during the Paleocene-
Eocene Thermal Maximum
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The Paleocene-Eocene Thermal Maximum (PETM) is a well-known carbon cycle perturbation event
associated with a rise in atmospheric pCO2 and sea surface temperature, increases in weathering and
turbidity and potential surface ocean acidification. Coral reefs are particularly sensitive to these
disturbances and previous analyses suggest a lack of coral reefs in the fossil record during the late
Paleocene and early Eocene. However, in spite of this loss of habitat, corals do not appear to experience
extinction during this period; in fact their generic- and species- level diversity increases. Studying corals
during the PETM therefore provides unique insight into how these keystone organisms respond to
environmental stress over long periods of time. Coral taxa vary in many aspects of their ecology: coloniality,
feeding and reproductive strategies, habitat preference, and behavioral flexibility (among others). The aim
of this study is to identify whether ecologic selection (based on physiology, behavior, habitat, etc.) plays a
role in the survival of corals across the PETM. Many of the coral genera and species from this time are
extant, allowing reasonable paleobiological assumptions of their ecology from modern coral relatives.
Origination and extinction rates of corals during the late Paleocene and early Eocene are calculated and
statistical analyses are used to identify traits common amongst coral taxa that were able to survive and/or
diversify during the PETM. Multivariate models are used to highlight whether there are correlations
between these ecological traits and coral taxa extinction or survival. We show that corals with certain traits
(coloniality, flexibility of zooxanthellate symbiosis, high morphological integration, hermaphroditic
brooding, living at high latitudes and in mixed carbonate-clastic settings) are more likely to survive the
PETM. These findings have important implications for modern coral ecology and can help us to understand
how corals may respond to future changes in climate.
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The palaeobiodiversity of the Azores Archipelago
(NE Atlantic): from the Early Pliocene to the Recent
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Santa Maria Island is the oldest and southeasternmost island in the Azores. This island is
remarkably rich in exposed marine fossiliferous sediments of Pliocene-Quaternary age. The marine fossils
of Santa Maria Island are known since the 16th century. Recent studies herein documented, based on a
multidisciplinary approach by an international team of researchers, increased our knowledge on the
palaeobiodiversity of the Azores. As a result, several papers covering a wide range of topics were published,
e.g., the evolution of marine organisms in oceanic islands, systematics, palaeoecology,
palaeobiogeography, geology, geochemistry, sedimentology, ichnology, conservation and sustainable
touristic management, educational purposes, geoconservation and historical reviews. Our revised list of
species reports 185 taxa from the early Pliocene outcrops of Santa Maria and 126 taxa from the Pleistocene
(Last Interglacial). During this talk, a pictorial summary will be done, displaying the most important fossils of
the studied marine groups.
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Survival of vertebrates after the Cretaceous—
Paleogene mass extinction event: did body-size
matter?
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The Cretaceous—Paleogene (K—Pg) mass extinction event is associated with rapid restructuring of
terrestrial ecosystems as a result of the Chicxulub asteroid impact event. A common hypothesis for
explaining the observed extinction selectivity at the K—Pg is that large body-sized groups, such as non-avian
dinosaurs, would be more sensitive to ecosystem devastation due to smaller population sizes compared to
other smaller animals, such as mammals. These faunal changes are well documented thanks to the
fossiliferous terrestrial deposits of the Hell Creek (HC) and Fort Union (FU) formations in Southwestern
North Dakota.

We present new results from a systematic screenwashing of the first 3 meters of the FU Formation
at PRTM site V02017. Excavation was stratigraphically controlled at a centimeter scale and each individual
rock unit, identified by lithology and/or color, was individually processed through a 380 um screen using a
new method based on water agitation through bubbling by injected compressed air in a water tank. A total
of 2,742 vertebrate fossil remains (fish, salamanders, frogs, turtles, crocodilians, champsosaurs, lizards, and
mammals) were recovered from 5,162 kg of screen-washed material, across 20 distinct lithological units.
Each specimen’s long and short axis was measured to build a size-spectrum database. Vertical evolution of
depositional environments at V02017 show a dark, massive mudstone sequence (Units 1 though 6)
interpreted as a ponding event, followed by more energetic deposits of siltstone and sandstone (Unit 7
through 20) interpreted as fluvial and overbank deposits. The K—Pg boundary was identified at “50 cm
above the HC/FU formation contact using palynology.

Results show that despite unit 16 being the only unit producing visible fossils on the outcrop, all
other units produced fossils when screen-washed, with the exception of unit 1 (lignite) and unit 7 and 8
(coarse sandstone, high energy). The vast majority of fossils recovered from the screenwashing are very
small (1% < 0.5 mm; 18 % <1 mm; 40 % < 1.5 mm; 55 % < 2 mm long axis), emphasizing the importance of
using the 380 um screen. Fossils from the basal lacustrine mudstone sequence show a broader size range
spectrum than the overlying fluvial siltstone and sandstones. While the immediate recovery fauna is
represented by small body-sized vertebrates, large fossils from unit 16 include three large (> 50 cm
diameter) Axestemys turtles indicating widespread post-impact freshwater aquatic environments favored
opportunists with broad tolerances and rapid reproductive potential.
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Paleoecological analysis of benthic recovery after
the late Permian mass extinction event in eastern
Lombardy, Italy
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The late Permian mass extinction was the most severe biotic crisis of the Phanerozoic, with
associated environmental changes that included the expansion of hypoxic and anoxic conditions in shallow
shelf settings. It has been hypothesized that wave-aeration promoted oxygen transport to the seafloor
providing a ‘habitable zone’ in the shallowest marine environments that allowed the survival and rapid
recovery of benthic invertebrates during the Early Triassic. We test this hypothesis by studying the rock and
fossil records of the Early Triassic Servino Formation, Italy. We also provide the first bulk carbonate d13C
isotope curve, and present new occurrence data of stratigraphically important fossils, to improve the
stratigraphic framework of the Servino Formation. The low-diversity fossil assemblages of the Servino
Formation have similar compositions to other western Paleotethyan localities. Facies analysis demonstrates
that benthic invertebrates were restricted to wave-aerated settings, supporting the proposed ‘habitable
zone’ hypothesis. However, there is no evidence for rapid recovery in the ‘habitable zone’ prior to the
Spathian, which may indicate additional environmental stresses. In the lower Spathian Myophoria Beds
Member, an increase in taxonomic and functional richness, the appearance of stenohaline, erect taxa, a
significant turnover and increased heterogeneity in the composition of benthic assemblages indicate
significant benthic recovery, which is attributed to reduced environmental stress.
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The advent of Neogastropoda according to the fossil
record
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Since their emergence in the Palaeozoic times gastropods occupy an important place in the marine
ecosystems. Changes in their abundance and taxonomic diversity reflect therefore the general trends in
evolution of ecosystems. Emergence of carnivorous Neogastropoda and their rapid and extremely
successful adaptive radiation was a significant part of the reorganizing benthic fauna in Mesozoic times
known as the Mesozoic Marine Revolution. Nevertheless, in spite of implementing new research methods—
especially SEM examination of larval and juvenile shells— the origin of Neogastropoda remains elusive. The
fossil record shows that the rapid radiation of neogastropods took place in the early Late Cretaceous and in
the late Late Cretaceous (Campanian-Maastrichtian) all but one major neogastropod groups were already
present, while the pre-radiation record is uncertain. The oldest published record of juvenile neogastropod
attributed to Muricoidea comes from the Valanginian of Poland (early Early Cretaceous). However, there
are also two families of extinct Mesozoic gastropods, which may form stem and/or sister groups of
Neogastropoda. Pseudotritoniidae (=Maturifusidae) with genera Pseudotritonium and Maturifusus are
known already from the Late Triassic and are characterised by fusiform shells commonly with clear anterior
channel, weakly expressed posterior channel and multispiral larval shell similar in gross morphology to
protoconchs of cerithioids. First occurrence of this family is known from Carnian reefs of the Cassian
Formation in northern Italy. Coincidentally Cassian Formation is also known to yield several traces of drilling
predation with the highest rate in the Triassic times. Purpurinidae with the genera Purpurina, Khetella, and
Cretadmete appeared in the Jurassic boreal/subboreal seas and are characterised by fusiform shells with
anterior channel and multispiral, smooth protoconchs or, in case of some Early Cretaceous forms with
cancellate ornamentation. The latter forms are reminiscent of Tonnoidea and may actually be ancestral to
the latter group.
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acidification and collapse of primary producers
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The severity of extinctions among pelagic calcifying species compared to non-calcareous taxa ("50%
siliceous diatoms, Macleod et al. 1997) or non-calcifying phytoplankton suggests that a massive
acidification of the oceans occurred at the K-Pg boundary (Keller, 2014; Tyrrell et al. 2015). This study
presents the respective influence of the Chicxulub asteroid and Deccan traps using a coupled climate-
carbon numerical (GEOCLIM) in which a biodiversity model is implemented, species being sensitive to
abiotic factors (temperature, pH, calcite saturation state). Key points addressed in this study include a
quantification of environmental changes provided i) by the Chicxulub asteroid, ii) by a pulse-like degassing
of over a 250 kyr-long period combining CO, and SO, emissions (Deccan traps emplacement), iii) their
respective impacts on the marine biomass and biodiversity, and iv) highlights the amplifying response to an
initial perturbation caused by the inorganic and organic carbon cycles. Based on a standard scenario
combing the Deccan traps emplacement with the Chicxulub impact our model simulates a global warming
reaching 3.5°C due to the rise of atmospheric CO, (+450ppmv) only interrupted by intense and brief
cooling events due to S-aerosols derived from SO, emissions. In addition to climate changes, the pH of the
surface ocean decreases by 0.2 units, from 8.0 to 7.8 while deep ocean pH drops by 0.4 pH units (from 7.8
to 7.4). Without requiring any additional perturbations, these environmental disturbances lead to decrease
dramatically the biomass of calcifying species and their biodiversity by about 80%, while biodiversity of
non-calcifying species are reduced by about 60%.
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The terrestrial Triassic-Jurassic boundary is well documented in the Junggar Basin, NW China. An in-
depth comprehensive study of flora, palynology and carbon isotope was carried out to understand the
response of terrestrial ecosystem to the fifth mass extinction event at the end of Triassic.

The palynological succession is divided to four zones, which are briefly introduced in ascending sort
as following:

1. Triassic zone is characterized by the occurrence of some Triassic-diagnostic taxa, such as
Canalizonospora, Lycopodiacidites minus, L. rudis, Aratrisporites, Taeniaesporites, Protohaploxypinus,
Striatopodocarpites and Hamiapollenites.

2. Transitional zone shows coexistence of the Triassic-diagnostic taxa mentioned above and some
elements which are common in Jurassic, e.g., Cyathidites, Neoraistrickia, Densoisporites,
Lycopodiumsporites and Perinopollenites.

3. Spore peaks zone is comprised of several peaks of contents of spores. The most abundant spores
are: Densoisporites scanicus, Densosporites crassus and Cyathidites sp.. The maximum content may rise to
80%, significantly greater than those from underlying and above beds.

4. Jurassic zone lacks Triassic indicator and comprises some Jurassic indicator, including
Cibotiumspora, Undulatisporites, Contignisporites, Cerebropollenites, Classopollis and Callialasporites.

The spore peaks zone is greatly narrower than transitional zone, and is usually missed out or
neglected. Therefore, from a long-term point of view, the giving away of Triassic zone to Jurassic zone is
gradual.

Nevertheless, similar spore peaks have been also found at the Triassic-Jurassic boundary of Newark
basin, America, St. Audrie’s Bay, SW UK, and Hochalplgraben, Austria. Moreover, it is no exception
accompany by negative shifts of carbon isotope in these sites and the Juggar basin. Hence, we believe that
a rapid and strong change of ecological environment had happened at the terrestrial T/J boundary in the
Juggar basin, China.
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Upper Cretaceous and Paleocene deposits are widely distributed in the Zeya-Bureya Basin located
in the higher part of the stream of the Amur (Chinese name - Heilongjiang) River. Based on study of fossil
spores and pollen obtained from these beds, seven successive palynological assemblages (the Santonian-
Danian) were revealed and correlated with age-equivalent assemblages of eastern Asia and western North
America. We studied fossil spores and pollen from K-T boundary beds both on left (Russian) and right
(Chinese) banks of the Amur River. The late Maastrichtian assemblage in Zeya-Bureya Basin was revealed
from lower part of stratotype section of the Tsagayan Formation near Belaya Mount on left bank of the
Amur River and from lower part of the Furao Formation. This palynological assemblage is dominated by
Taxodiaceae and Ulmaceae. Laevigatosporites predominates among spores. The angiosperms are rather
diverse. They are represented by Betulaceae, Salicaceae, Juglandaceae, Myricaceae, Myrtaceae,
Loranthaceae, and Proteaceae. The diversity of the triprojectate pollen is rather high.

The early Danian assemblage was revealed from the upper part of the stratotype section of the
Tsagayan Formation near Belaya Mount, lower part of section of Arkhara-Boguchan coal mine on left bank
of Amur River and upper part of Furao Fm and Wuyun Fm on the right bank of the Amur River. This
palynological assemblage is characterized by Triatriopollenites confusus, T. plicoides, Quercoidites minor
and by predominance of Ulmaceae. This assemblage is dominated by ferns and gymnosperms. Among
gymnosperms, the Taxodiaceae, Cupressaceae, and Pinaceae predominate. The angiosperms are locally
abundant. The Juglandaceae and Fagaceae predominate. The plants produced the triprojectate pollen
suffered a sharp decrease in amount.

The changes of taxonomical composition of palynoflora in Zeya-Bureya Basin were gradual at the K-
T boundary. Only plants produced the triprojectate pollen suffered the most significant extinction. The
palynospectra sampled just above the K-T boundary comprise an increased number of fern spores (so-
called fern peak).
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During the Early Triassic, ecosystems were recovering from the end-Permian mass extinction
(EPME). Ichthyosauriformes is one major clade of reptiles that colonized the ocean after EPME. Their oldest
fossil records are found from Spathian substage (Olenekian, late Early Triassic) strata in China. Here, we
report on two reptilian remains from the early Spathian Neocolumbites insignis ammonoid zone of South
Primorye in the Russian Far East. The first specimen comprises two centra, a neural arch, and the proximal
portion of a rib. The vertebrae exhibit a combination of morphological characters that is often reported for
Ichthyopterygia. The height-to-length ratio of the centra is around 1, suggesting that the current specimen
represents a basal ichthyosauriform. The other specimen is the large isolated femur of an ichthyosauriform.
The N. insignis zone correlates to the Procolumbites zone of southern China, from which the oldest known
ichthyopterygian reptile, Chaohusaurus, (was) derived. The minimum estimated body length based on the
femur specimen is around 5 m, so approximately five times larger than an adult Chaohusaurus, and twice as
large as the basal ichthypterygian Utatsusaurus. This size variation among the earliest ichthyosauriforms
might illustrate an explosive diversification in size and ecology in this clade immediately after the EPME.
Both vertebrae and femur exhibit an extremely cancellous structure, suggesting that this animal had a high
degree of aquatic adaptation despite their short-time evolution in the ocean.
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Upper Permian bivalves from the Bellerophon
Formation (Dolomites, northern Italy) and
biodiversity drop related to the end-Permian mass
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The Upper Permian Bellerophon Fm of the Dolomites (northern Italy) is an overall transgressive
succession, which consists of a lower sulphate-evaporite unit, deposited in a barren basin, and an upper
shallow-marine carbonate unit, deposited along a low-energy ramp setting. This succession, mainly
Changhsingian in age, contains rich fossil assemblages, which have been studied since 19th century.
Although some taxonomical groups have been object of recent revisions (e.g. nautiloids and brachiopods),
the stratigraphic and systematic knowledge of the bivalves is not supported by recent studies, which are
necessary to evaluate the survival rates after the end-Permian mass extinction.

In this study, the biodiversity and stratigraphic distribution of the bivalves occurring in the
Bellerophon Fm of western Dolomites is investigated with the aim to define the extinction patterns through
the comparison with the taxa occurring in the Lower Triassic Werfen Fm. The specimens have been
collected bed-by-bed from the Val Gardena and Val Badia sections aligned along a south west-north east
transect, which records a slight deepening of the marine environment.

Systematic assessment, based both on newly collected material and on historical collections
analysis, has revealed 18 genera with 24 species. The studied material has been ascribed to the genera:
Bakevellia, Chaenomya, Cosmetodon, Dyasmya, Edmonia, Eumorphotis, Palaeolima,?Palaeonelio,
Permophorus, Pernopecten, ?Pleurophorella, ?Promytilus, Schizodus, Solemya (Janeia), ?Tambanella,
Towapteria, Volsellina and Aviculopectinidae gen. nov.

Infaunal suspension and detritus feeders suffered extinction rates higher than the semi-infaunal
and epifaunal suspension feeders. The studied bivalves show a richness drop at genus level lower than
other marine taxa. This higher survivorship can be related to the adaptation of the Upper Permian bivalves
towards very shallow and stressed (e.g., high temperatures and low oxygen levels) marine environments,
which characterized the western Dolomites during the deposition of the Bellerophon Fm.
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The marine biosphere is currently experiencing one of the greatest biodiversity losses in Earth’s
history, driven in part by rising concentrations of anthropogenic carbon dioxide in the atmosphere,
warming, and ocean acidification. The end-Triassic mass extinction is thought to have been propelled by
similar disruptions, thus examining how Mesozoic ecosystems responded and recovered could provide
crucial insights into the potential range and magnitude of changes in community structure in the near
future.

Communities following the end-Triassic extinction are thought to have undergone significant
changes in the relative abundance and composition of organisms within various trophic levels and modes of
life. Here we compare models of fossil food webs from two western Tethys shallow marine communities
before (Anisian) and after (Bathonian) the end-Triassic extinction to identify differences in ecosystem
structure and functioning. Differences in food web topology and general network structure were used to
evaluate differences between ecosystem structure and complexity. Richness was higher in the Bathonian
paleocommunity relative to the Anisian and had more guilds and links (interactions). This increase in
diversity, functional richness, and intensity of biotic interactions in the Bathonian suggests that new
evolutionary innovations and biotic expansions observed during the Mesozoic may have triggered
significant ecosystem restructuring and major changes in energy transfer pathways such as patterns of
interactions and the distribution of taxa among trophic levels. These structural changes in the marine
communities may be due to rapid diversification and increasing predation pressure and suggest greater
complexity in the Bathonian.

The examination of ancient food webs presents an opportunity to determine whether trophic
organization has changed and to understand the evolutionary mechanisms that have contributed to
historical patterns of community structure. Given the current biodiversity crisis, understanding how and
why ecological changes occur is vital for effective resource management.
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In the last years, plenty of insects have been found in the Triassic continental sediments of
Argentina, which is the main palaeoentomological region of South America and one of the most important
from southern Gondwana, together with South Africa and Australia. The Potrerillos Formation yields
abundant and diverse Carnian entomofauna with more than 300 well-preserved fossil insects within 27
species that include hemipterans, beetles, blattids, odonatans, mecopterans, orthopterans, plecopterans,
grylloblattids, dipterans, hymenopterans and miomopterans. Hemiptera is the most abundant and diverse
order with more than 100 specimens collected (more than 40% of the total insect fossils) and 9 species
have been described so far. The abundance of hemipterans may be due to the robust and flexible nature of
the forewings, increasing their preservational potential. The hemipterans come from two environmentally
different sections at the south of Cerro Cacheuta, southern extreme of the Precordillera range, Mendoza
Province: Puesto Miguez and Quebrada del Durazno. The hemipterans are represented by Scytinopteridae,
Eoscarterellidae, Dysmorphoptilidae, Chiliocyclidae, and Protopsyllidiidae and they are preserved as
impressions of complete sclerotized forewings (common element), membranous hindwing,
forewing+clavus, clavus (less frequent), and complete insects (rare). Like their modern counterparts, these
fossil hemipterans are phytophagous and occur in association with typical and diverse Dicroidium Flora
which occupied middle to high palaeolatitudes (S30°) in the extratropical belt of Gondwana, where
temperate/warm and humid conditions prevailed under maximal development of the Late Triassic
megamonsoonal climates. Richness and diversity of insect assemblage is remarkably high in the fluvio-
deltaic sequence of the Quebrada del Durazno, whereas in the fluvial-environments of the Puesto Miguez is
low. Thus, the difference of the insect content could be mainly related to different palaeoenvironmental
setting, however, could also be as a response of collection/taphonomic biases. The hemipteran records in
Potrerillos Formation provide evidence that Hemiptera was a key component in Late Triassic continental
ecosystems. Its abundance suggests that they were probably the most dominant primary consumers within
the palaeoentomofaunistic communities developed in this part of south-western Gondwana.
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Permian rugose corals underwent the evolutionary episodes of assemblage changeover,
biogeographical separation, and extinction, which are closely related to the geological events during this
time. Two coral realms were recognized: the Tethyan Realm and the Cordillera-ArcticUralian Realm, which
are characterized by the families Kepingpphyllidae and Waagenophyllidae during the Cisuralian,
Waagenophyllidae in the Guadalupian, and the subfamily Waagenophyllinae in the Lopingian; and the
families Durhaminidae and Kleopatrinidae during the Cisuralian and almost disappearance of colonial and
dissepimented solitary rugose corals from the Guadalupian to the Lopingian, respectively. The development
of these coral realms is controlled by the geographical barrier resulting from the Pangea formation.
According to the changes in the compostion and diversity of the Permian rugose corals, a changeover event
might occur at the end-Sakmarian and is characterized by the mixed Pennsylvanian and Permian faunas to
typical Permian faunas, probably related to a global regression. In addition, three extinction events are
present at the end-Kungurian, the end-Guadalupian, and the end-Permian, which are respectively triggered
by the northward movement of the Pangea, the Emeishan volcano eruption and subsequently global
regression, and the global climate warming induced by the Siberian Trap eruption.
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A new species Lobatannularia linjiaensis sp. nov., under the order Equisetales and represented by 9
specimens in the collection, was recently recorded from the Middle Triassic Linjia Formation at the
Qiandianzi of Benxi in Liaoning, Northeast China. The new species is characterized by leaf-whorls very small,
generally composed of 20 leaves forming two marked lobes; leaves linear to oblanceolate, united for 2/3 to
3/4 of their length; midvein clear. The upper epidermis and the lower upper epidermis are different.
Stomata are amphistomatic. The upper ordinary epidermal cells along the veins rectangular, about 90-100
um in length, and 35-50 um in width, while those between the veins polygonal, attaining 70-80 um in
length, and 50-60um in width. Stomatal apparatus haplocheilic, monocyclic, with stomata aligned in
longitudinal rows parallel to the midvein. Subsidiary cells polygonal, attaining 50-80 um in length, and 40-
80 um in width. The lower ordinary epidermal cells along the veins also rectangular, about 30-50 um in
length, and 15-30 um in width, while those between the veins polygonal, attaining 45-55 um in length, and
25-45 um in width. Stomatal apparatus haplocheilic, monocyclic, with stomata aligned in longitudinal rows
parallel to the midvein. Subsidiary cells polygonal, attaining 30-80 um in length, and 30-40 um in width.
Since Kawasaki erected the genus Lobatannularia in 1927, at least 17 species have been described on the
basis of the morphology of the megafossils. Most of them are collected from the Permian, seldom collected
in Triassic. As a relict Cathaysian element, the new species not only enlarges our knowledge in taxonomy
and epidermal structure of Lobatannularia as well as the Middle Triassic stratigraphy of North East China,
but also provides an opportunity to understand how to change the diversity of typical elements of
Cathaysian flora from Permian to Triassic in the background of the Mass Extinction and Recovery from Late
Permian to Middle Triassic.
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In metazoans, calcium carbonate skeletons comprise a small amount of organic macromolecules,
mostly proteins and polysaccharides, which constitute the calcifying matrix. Because these macromolecules
are occluded in the skeletons, they can be preserved over a long period. From a historical perspective, the
calcifying matrix has been extensively studied in extant skeletonized metazoans, successively via classical
biochemical approaches, via molecular biology and in recent years, via high-throughput screening
techniques (transcriptomics, proteomics). These latter approaches have made possible the rapid
identification of large sets of mineralassociated proteins, which constitute the ‘skeletal repertoire’ or the
"calcifying secretome’ of several skeleton-building metazoans ranging from sponges to echinoderms. The
profusion of molecular data allows comparisons between the skeletal repertoires of several metazoans,
shedding light on some peculiar macro-evolutionary mechanisms that may have affected skeletal matrix
components: surprisingly, some protein components of the matrix, in particular the ones that are lineage-
specific, suggest a rapid evolution while other skeletal protein components that are identified in very
distant lineages suggest either an ancient recruitment of the corresponding function (and subsequent
massive loss in intermediate lineages) or independent co-options for calcification. These aspects will be
discussed in my talk, in particular through key examples such as the evolution of molluscan nacre.

Since molecular information acquired on skeletal tissues of extant metazoans is large enough to
constitute a reference dataset, high-throughput approaches may also be applied to ancient skeletons
(archaeological samples or true fossils), in order to revisit diagenetic processes, i.e., how proteins of the
matrix degrade during fossilization. These aspects, which deal with an emerging discipline in Earth Sciences,
paleoproteomics, will be discussed too.
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The species of Gigantoproductus are well-known giants within the Brachiopoda. This is a dilemma
as living brachiopods have a low-energy lifestyle. Why these taxa have acquired such a large size (over 30
cm in width) and thick shells (over 1 cm) has never been investigated in detail. Even if brachiopod
metabolic rates were higher during the Paleozoic than today, and they experienced a general directional
trend towards larger size, the massive size reached by species of Gigantoproductus is still surprising. This
increase in size during the Paleozoic has been related to increases in oxygen availability, high primary
productivity, or high predation pressure; nevertheless, gigantism in fossil and Recent plants and animals
remains poorly understood. By examining their diet, we are seeking to understand the mechanisms that
enabled these low- metabolism brachiopod species to become giants. Were they suspension feeders,
similar to all other brachiopods or did endosymbiosis provide a lifestyle that allowed them to have higher
metabolic rates and become giants? We suggest that the answer to this persistent conundrum may be
located in the identification of the biosignatures of symbionts through combined analyses of the carbon-
and nitrogen-isotopic compositions of the occluded organic matrix within the columnar layer of the pristine
fossil shells. This consists of remarkably long and a few hundreds of micrometers wide substructured
columnar units.
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diagenesis experiments
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The chemical and isotopic compositions of biogenic apatite, i.e. the mineral component of
vertebrate’s bones and teeth, are important geochemical markers, used to infer past climates, dietary
preferences and habitat. However, they can suffer modifications during the fossilisation process. Fossil
apatites generally exhibit an overall decrease in carbonate content, enrichment in fluorine, incorporation of
trace elements and an increase in crystallinity. Detailed understanding of these transformations induced by
fossilisation should help assess the preservation of geochemical records in apatites and validate their use as
palaeoenvironmental proxies. In this contribution, we investigate the crystal-chemical transformations and
more specifically the environment of carbonate groups and fluoridation mechanisms, in modern bio-
apatites altered under controlled conditions. Modern bone wafers and powders were soaked in aqueous
solutions of neutral to alkaline pH for periods up to 3 weeks at various temperatures (20-70°C), with each
experiment duplicated in fluorine-free and in 10-2 M NaF solutions. Their transformation was monitored
through chemical (F, Ca, P) and isotopic (6“C, 6" 0., 6180,,) analysis, and probed using vibrational
(Attenuated Total Reflectance - Fourier transform infrared, Raman) and solid-state Nuclear Magnetic
Resonance (NMR) spectroscopies. Systematic incorporation of fluoride in the channel sites is observed in all
samples altered with a sodium fluoride solution. In contrast, the formation of secondary carbonated
fluorapatite, associated with the presence of a clumped (CO5>, F) defect in the structural B site, depends
on the type of buffer solution used for the alteration experiment. Fluoride ions thus act as a probe
revealing dissolution- recrystallization pathways in bone. Based on the experimental results, we discuss the
fluoride incorporation mechanisms and their implications for palaeo-environmental reconstructions based
on fossil apatites.
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Can fossil traces of intracellular carbonates formed
by cyanobacteria be found in the geological record?
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Cyanobacteria have played an important role in mediating the formation of carbonate sedimentary
deposits such as stromatolites for billions of years. It has been usually suggested that this occurs through
extracellular carbonatogenesis, a process associated with CO2-concentrating mechanisms operated by the
cells. Yet, this dogma of a systematically non-controlled and extracellular biomineralization of CaCO3 by
cyanobacteria has been recently challenged by the discovery of several cyanobacterial species forming
amorphous calcium carbonates (ACC) intracellularly (Couradeau et al. 2012; Ragon et al. 2014). This ACC
formation capability is a synapomorphy that might have appeared several hundred million years, possibly
2-2.5 Gyrs ago (Benzerara et al. 2014). Moreover, one of the species forming intracellular ACC was recently
shown to be the present-day closest cultured relative of primary plastids (Ponce-Toledo et al. 2017). This
suggests that this capability to form intracellular ACC may have been present in early plastids, reinforcing
the importance to test the preservability of such intracellular carbonates in the geological record.

Here, we will present the results of several approaches addressing the issue of finding and
identifying traces of intracellular biomineralization by cyanobacteria in the geological record. In a first
approach, we tested the preservation potential of ACC inclusions upon cell death by heating cells at varying
temperatures. In a second approach, we determined partition coefficient of Ca, Sr and Ba between the
extracellular solutions and the intracellular ACC. We showed that some cyanobacterial species tend to
accumulate Sr and Ba preferentially, creating chemical heterogeneities (Cam et al. 2016; Blondeau et al.
2018). Finally, we measured isotope fractionations of Sr, Ba and Ca in order to determine if isotopic
compositions may be used to trace the involvement of cyanobacteria forming intracellular ACC (Coutaud et
al. in prep).

Benzerara K. et al (2014) Intracellular Ca-carbonate biomineralization is widespread in cyanobacteria. Proc. Natl.
Acad. Sci. USA 111, 10933-10938.

Blondeau M et al (2018) Impact of the cyanobacterium Gloeomargarita lithophora on the geochemical cycles of Sr
and Ba. Chemical Geology, 483, 88-97.

Cam N et al (2016) Selective uptake of alkaline earth metals by cyanobacteria forming intracellular carbonates. Env Sci
Technol, 50, 11654-11662.

Ragon M. et al (2014) 16 S rDNA-based analysis reveals cosmopolitan occurrence but limited diversity of two
cyanobacterial lineages with contrasted patterns of intracellular carbonate mineralization. Frontiers in
Microbiology, 5, #331.

Couradeau E. et al (2012). An early-branching microbialite cyanobacterium forms intracellular carbonates. Science,
336, 459-462.

Ponce-Toledo Rl et al (2017) An early-branching freshwater cyanobacterium at the origin of chloroplasts, Current
Biology, 27, 1-6.
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Geochemical studies of biogenic calcite in the marine sediment record have contributed
enormously to the understanding of Earth’s climate evolution. In particular, the oxygen isotope
compositions of fossil planktonic and benthic foraminifera tests are used as proxies for surface- and deep-
ocean paleotemperatures, respectively. Interpreted at face value, these compositions indicate Eocene
deep-ocean and high-latitude surface-ocean temperature in the range of 10- 15°C, and deep-ocean even
warmer during the Cretaceous. However, we demonstrated that oxygen isotope re-equilibration through
solid-state diffusion can create large errors in ocean paleo-environmental reconstructions, even under the
close-to-ambient pressure and temperature conditions characterizing shallow sediment burial. We
investigated this diffusion-controlled reequilibration process with experiments exposing foraminifera tests
to elevated pressures and temperatures in isotopically heavy artificial seawater (H,'®0), followed by
scanning electron microscopy and quantitative NanoSIMS imaging: oxygen-isotope compositions changed
heterogeneously at submicrometer length scales without any observable modifications of the test
ultrastructures. In parallel, numerical modelling of diffusion during burial showed that oxygen- isotope
reequilibration of fossil foraminifera tests can cause significant overestimations of ocean
paleotemperatures on a time scale of tens of millions of years under natural conditions. Our results suggest
that the late Cretaceous and Paleogene deep-ocean and high-latitude surface- ocean temperatures were
significantly lower than is generally accepted, thereby resolving the early Eocene equable climate paradox.
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Based on the aragonite composition of extant cephalopods and exceptionally preserved fossil
cephalopods going back to the Paleozoic, it is commonly assumed that externally shelled cephalopods had
an aragonitic shell wall. We present evidence that at least two lineages of orthoconic nautiloids in the
Silurian and Devonian calcite seas were originally bimineralic, which developed convergently with
gastropods and bivalves. We quantitatively analyzed the timing of the evolutionary origin of these and
other reliably dated carbonatic cephalopods structures in relationship with calcite or aragonite seas as
inferred from the rock record or Ca/Mg-models. Our log odd ratio tests support a preferential origin of
calcitic structures during calcite seas, particularly in the Paleozoic. This further corroborates the hypothesis
that seawater chemistry at the time a particular mineralized structure was first acquired within a lineage
was particularly crucial for its mineralogy — even in pelagic organisms like cephalopods. These finds also
highlight the need to verify the shell composition of exceptionally-preserved mollusks more
comprehensively — even at sites where aragonite has typically been dissolved or replaced.
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calcite layers of fossil rhynchonelliform brachiopods
- example of the Cenomanian Sellithyris
cenomanensis
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Attempts to understand the hierarchical organization of the inners layers of the calcite shell during
the process of biomineralization has been made on selected modern rhynchonelliform brachiopods, using
the Atomic force microscopy (AFM) to complement the observations from the Scanning electron
microscopy (SEM) to reach a nanometric level.

Drawing our attention to biomaterials from the fossil record (cf. Sellithyris cenomanensis from the
upper Middle Cenomanian) allow to reveal alterations occurring in the shell components (organic and
inorganic fractions) in the course of taphonomy.

Using the same techniques, SEM and AFM, reveal partial loss of primary information and
emphasized the disorganization p. pr. of the former results from the observations illustrating the well-
defined hierarchical process. Among alterations observed are: silicic result due to bacterial activity or, more
often, the disappearance of part of the organic matrices (more estimated is that of the peri-crystalline
organic matrix), in such situation, boundaries of the calcite fibrous elements of the secondary layer are p.
pr. or completely merged and the nanoparticles or elementary granules previously highlighted are
amalgamate progressively leading to shape secondary blocky calcite. Like that, the hierarchical organization
observed at the sub-micrometric level can be rubbed out completely or partly with as results of diagenesis
the presence or recrystallized calcite or silicic nodules in the shell thickness.
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Exceptionally preserved fossils yield critical information about the soft-part anatomy and the
evolution of organisms through time. We compiled the first global dataset of exceptionally preserved
muscles in malacostracan crustaceans including many new occurrences. Muscles are found predominantly
in Mesozoic Konservat-lagerstatten, where specimens with muscles preserved experienced early diagenetic
mineralization through phosphatization. The majority of specimens with muscles preserved are
compressed, but rare three-dimensionally preserved individuals allow for more detailed studies of muscles.
One example are specimens of a fossil ghost shrimp from the mid-Holocene of Panama showing exquisitely
preserved strings of muscle fibers attached to the shell interior, resembling the muscle arrangement of
modern representatives. Other fossil malacostracans, including the oldest fossil shrimp, also show muscle
patterns similar to modern taxa. We hypothesize that this conservatism may be related to the confined
space within the decapod shell in conjunction with the relatively stable body plan of several clades. Unlike
the uncommon presence of muscle fibers and bundles, muscle scars are more common with a substantial
percentage of papers containing evidence of muscle scars, albeit not always recognized. Muscle scars are
common from the Late Jurassic onwards, and are found primarily in Brachyura and Axiidea. They do not
suffer from a Konservat-lagerstatten-effect. We suggest that much more research on fossil muscles and
muscle scars can be done, and that targeting rocks with well-preserved specimens should yield an
additional wealth of information on the soft-part anatomy and internal functioning of muscles in
crustaceans through time.
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hyoliths and molluscs
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The origin and key transitions in the evolution of major lophotrocozoan clades (annelids, molluscs,
"lophophorates”) have advanced remarkably in the light of numerous discoveries of crucial stem-group
fossils in Cambrian and new molecular phylogenetic investigations. Hyoliths are extinct palaeozoic
lophotrocozoans with a calcareous exoskeleton that consist of up to three parts: a conical conch, a lid-like
operculum, and some taxa may produce an additional pair of lateral curved spines or ‘helens’ of uncertain
function.

Although hyoliths have been known for two centuries, their precise position within
lophotrocozoans is still a subject of debate. Traditionally, they have been regarded as an extinct Class
within the Mollusca, mainly based on the presence of crossed lamellar microstructure in some younger
taxa, or a type of aragonitic microstructural fabric limited to Mollusca. Alternatively, they have been
assigned to sipunculan worms or their own phylum. The core of the debate is whether the evolutionary
derived crossed lamellar microstructure is homologous or convergent between hyoliths and molluscs,
which has been hard to assess. Recently, a significant discovery from Cambrian Burgess Shale-type
Lagerstatten revealed that the hyolithid hyolith Haplophrentis had evolved a lophophore, a characteristic
tentacular filter-feeding apparatus confined to ‘lophophorates’ (modern brachiopods, phoronids, probably
bryozoans and some fossil taxa: tommotiids and tentaculitoids). Consequently, hyoliths would be regarded
as derived total group lophophorates, closely related to brachiopods.

Here, we provide broad microstructure data of hyolith conchs and opercula from the Cambrian Xinji
Formation of North China, including two hyolithids and four orthothecids as well as unidentified opercula.
We show that most hyolith conchs contain a distinct aragonitic lamellar layer that is composed of foliated
aragonite except in the Protomicrocornus with a unique crossed foliated lamellar microstructure. Some
opercula also express foliated aragonite microstructure. All these aragonitic lamellar microstructural fabrics
are widely distributed among Cambrian primitive molluscs, but not in “lophophorates”, and thus strongly
support very close relationships and similar biomineralizing mechanism between them. We propose that
hyoliths and molluscs inherit their mineralized skeletons from a very similar non-mineralized common
ancestor, but phylogenetically divergent from each other very early during the Cambrian explosion.
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‘biomineralization toolkit’
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The Ediacaran-Cambrian transition was a dramatic event in the history of animal life on Earth, yet
the processes underlying it are poorly understood not least the role of biomineralization in driving this
fundamental evolutionary episode. One explanation for this event, based on observations on the
developmental and molecular biology of modern organisms, is that all animals inherited a common ‘toolkit’
of genes, independently co-opted to similar tasks, including building skeletons. This initially imprecise
‘toolkit’ was subsequently honed by the acquisition of more and more complex gene regulatory networks.
Here | review the evidence for the biomineralization toolkit from the fossil record and provide direct
evidence to test the importance of the genetic basis of the skeleton in the origin of the animals. | have
compiled together our current knowledge of the distribution of different mineral systems, skeletal tissues
and their organic frameworks in both a phylogenetic and temporal context, across animals. This supports
multiple, independent, origins of biomineralized skeletons through the Ediacaran- Cambrian transition, with
a repeated pattern of initial mineralization of a pre-existing organic skeleton with loose control, utilizing
common ancestral genes and regulatory networks, followed by increased control via the accumulation of
lineage specific secretory mechanisms, and skeletal fabrics. Suggesting a key role for the biomineralization
toolkit in the origin and assembly of animal body plans.
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microstructure in a Cretaceous Pinna fossil
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PhotoEmission Electron spectroMicroscopy (PEEM) was used to observe exceptional preservation
in organic matrix components and shell microstructure in a 66 Ma bivalve shell. PEEM is a novel method to
detect, in situ, preservation quality, and provides a noninvasive, non destructive, and spatially explicit map
of prismatic and nacre tablet microstructure, mineralogy, crystal orientations, and organic compounds. This
technique was used to compare Cretaceous and modern bivalves in the genus Pinna; results demonstrate
that the 66 Ma shell: (1) preserves original aragonite and calcite crystals in nacre and prismatic layers,
respectively, (2) maintains nearly identical nacre tablet and prism microstructure and crystal orientations,
and (3) preserves components of interprismatic proteins. Remarkably, interprismatic proteins are
preserved with intact peptide bonds and show an abundance of glycine, an important amino acid for
protein folding and mechanical flexibility. Preservation of glycine chains in a 66 Ma shell supports the
exceptional quality of protein preservation documented here. This quality of preservation may not be
uncommon among fossil shells with nacre, reflecting the entrapment and subsequent preservation of the
molecular matrix by shell minerals. Thus, PEEM analysis provides new insight into the taphonomic
processes influencing shell and molecular fossils, including the effects of molluscan diagenesis, physiology,
biomineralization, and evolution.
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Ever since Robert Etheridge, Jr. and W. S. Dun carried out the first in-depth study of the iconic
Gondwanan bivalve Eurydesma, its massively thickened shells have seemed anomalous for circumpolar
conditions: “The umbonal region of the valves in Eurydesma is of extraordinary thickness, and it is
interesting to note, as Mr. Charles Hedley has pointed out, that all recent bivalves comparable in valve
thickness occur in tropical waters” (Etheridge and Dun, 1910, p. ix). In addition, several species of eastern
Australian bivalves (including Eurydesma), some gastropods, and many brachiopods are relative giants for
Paleozoic seas, even at lower latitudes. Eurydesma grew to a maximum size of 15 cm, with umbones up to 6
cm thick. The unrelated but co-occurring anomalodesmatan bivalve Myonia corrugata achieved similar
sizes and valve thicknesses. One specimen of the inoceramiform pteriomorph, Aphanaia de Koninck, is 41.5
cm in length, and 18 species of bivalves, gastropods and brachiopods were larger than 10 cm in size.
Modern polar bivalves tend to be small and thin-shelled (e.g., www.arcodiv.org/seabottom/Bivalves.html).
If body size is expressed as LOG(SQRT(L*H), 2), where L and H are shell lengths and heights, then 23 eastern
Australian Permian shells (bivalves, brachiopods, gastropods) exceeded a log2 size of 6, compared with only
a single extant species of Antarctic bivalve. Likewise, modern polar taxa are drab in color, whereas at least
three of the Australasian Permian species, including E. cordatum, were brightly colored. To the degree that
temperature is responsible for the differences in size and color, these observations suggest that the early
Permian high southern latitudes were not as cold as they are today. Indeed, the Miocene may represent a
reasonable analog, as some Miocene Antarctic bivalves are strikingly similar to common Permian ones (e.g.,
the Miocene scallop Australochlamys anderssoni and the similar Permian one, Deltopecten mitchelli). These
conundrums are explored using paleoenvironmental information obtained from sedimentology and
sclerochronology. Of added interest is the observation that cold conditions may promote individual and
taxonomic longevity.
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Shell microstructure can be potentially preserved in fossils, and therefore is considered as a clue for
inference on evolution and phylogeny of the past life. Presenter have evaluated stability and reliability of
shell microstructures as characters for protobranch higher systematics by reconstructing a molecular
phylogeny of the group. Mapping of shell-microstructure characters on the phylogenetic tree confirmed
that the composition of shell microstructures is conservative at the superfamily level and can be divided
into three major groups; RESP (radially elongate simple prismatic structure) group, homogeneous group
and nacreous group. However, this trend is not necessarily applied to that of fossil protobranchs. Previous
studies shown that the ancestral taxon of each protobranch superfamily possessed primitive nacreous
structure (i.e. nacreous group). Here | report shell microstructures of fossil protobranchs mainly from the
Late Mesozoic. | revealed that several taxa changed their shell microstructural composition from
homogeneous to nacreous group around the Jurassic-Cretaceous boundary. This drastic morphological
change seems to be related to a high production cost of the nacreous structure. Also, shell microstructural
composition classified into non-nacreous group can be regarded as homoplasy in Recent protobranchs.
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Vertebrate hard tissues consist of mineral crystallites within a proteinaceous scaffold which
normally degrades postmortem. However, decalcification of Mesozoic hard tissues preserved in oxidative
settings released brownish stained extracellular matrix, cells, blood vessels, and nerve projections. Raman
Microspectroscopy showed that these fossil soft tissues are a product of diagenetic transformation to
Advanced Glycoxidation and Lipoxidation End Products generated via oxidative crosslinking of
proteinaceous scaffolds. Reducing environments, in contrast, lacked soft tissue preservation. Comparison
of fossil soft tissues with modern and experimentally matured samples reveals how proteinaceous tissues
undergo diagenesis and explains biases in their preservation in the rock record. This provides a target,
focused on oxidative depositional environments, for finding cellular-to-subcellular soft tissue morphology
in fossils and validates its use in phylogenetic and other evolutionary studies.
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The effect of ocean acidification on the shell
microstructure in the recent brachiopod Magellania
venosa (Dixon, 1789): lessons for the past and future
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Due to the threat of ocean acidification in the last century and in the immediate future, more
research has focused on the study of the potential impact of low pH conditions on calcifying organisms.
Brachiopods are considered one of the best archive to record how calcite-shelled animals respond to ocean
acidification. However, little is known about the relationship between their biomineralization processes and
environmental conditions specifically different pH conditions. Here, we cultured six adult individuals of
Magellania venosa (Dixon, 1789) from Chile under different pH conditions (7.35 to 8.15 +0.05) over
different time intervals. These were subjected to detailed microstructural investigation by using SEM.
Different features of the microstructure of the brachiopod shell were measured, such as size and shape of
the basic structural unit (fibres), thickness of the primary layer and density of punctae, and finally a
comprehensive dataset was created for morphometric evaluation. Normal ontogenetic variation of fibre
morphometry is generally consistent with the trend already observed in that the fibres become wider and
flatter with age. In addition, along the growth direction the primary layer progressively thickens and the
density of punctae increases. The objective was to ascertain whether the general microstructural patterns
will be maintained by specimens cultured in different pH conditions. We observed the following
morphometric variations under low pH condition, the produced fibres were smaller, the primary layer
increased rapidly in thickness and the density of punctae was higher. Furthermore, our results suggest that
M. venosa produced shells with more organic-rich matrix when settled in low pH conditions for an interval
of about one year.
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Sclerite microstructure of the extinct Cambrian animal chancelloriids is detailed based on well
preserved, abundant collections of isolated sclerites from lower Cambrian (Stages 2 to 3) rocks of South
Australia and North China. More than 1500 specimens including 5 genera and 8 species are analyzed. They
are Chancelloria cf. eros Walcott, 1920, C. racemifundis Bengtson in Bengtson et al. 1990, C. sp.,
Archiasterella hirundo Bengtson in Bengtson et al. 1990, Ar. pentactina Sdzuy, 1969, Allonnia tripodophora
Doré and Reid, 1965, Eremactis mawsoni Bengtson and Conway Morris in Bengtson et al. 1990 and
Paracambrothyra guttaia gen. nov. sp. nov. The sclerite microstructure consists of two distinctive layers: an
outer organic layer and an inner aragonitic fibrous layer. The organic layer is relatively thin ("2 um) and
continuous over the entire sclerite, ornamented by tubercles, fine granules and ridges. The aragonitic layer
is composed of remarkably preserved bundles of longitudinal, tangential and irregular aragonite fibres.
Biomineralization of sclerites is proposed to occur as a two-step process. Firstly, the organic layer forms as
a template delimiting an enclosed compartment. Secondly, in the compartment, calcium and bicarbonate
ions and organic matter released by calcifying epithelium precipitate on the inner surfaces of the organic
layer, arranged in specific patterns of orientation. Therefore, chancelloriids are suggested to be able to
control the arrangement and orientation of aragonite minerals in a relatively higher level, indicating that
this animal was well adapted to exploit aragonitic saturated marine conditions.
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microstructure and agglutination process
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The genus Xenophora comprises species of marine gastropods, known from the Cretaceous and still
living today, which have the ability to form their shells agglutinating various kinds of objects, from other
shells to bio/lithoclasts. The shell microstructure of species of Xenophora and the mechanisms of
agglutination, as well as its functional meaning, are still poorly known; also, no data is available on the
nature of the cement used to agglutinate fragments to the shell. Species of Xenophora show different
agglutination potentials, from species lacking attachments to others completely covered by agglutinated
materials, as the case of the Mediterranean Xenophora crispa (Konig, 1825). To better understand the
mechanisms leading to agglutination of shells and bio/lithoclasts in X. crispa, we analyzed shell sections of
fossil (early Pleistocene, Arda and Stirone Rivers, Italy) and Recent specimens (Mediterranean Sea, Spain) at
the Scanning Electron Microscope (SEM) and powders, collected from different parts of the shell, at X-Ray
Diffraction (XRD). SEM analyses showed the occurrence of a thin prismatic layer ("5um) below the
agglutinated fragments, whereas the bulk of the shell is made of a typical aragonitic microstructure
(crossed lamellar fabric), with the exception of prismatic/spherulitic layers present in the thickest part of
the shell (columella and peripheral edge). XRD analyses indicated aragonite as the major mineral
component of the shell; however, calcite, usually uncommon in gastropod shells, sporadically occurred in
both fossil and recent specimens, mainly in the thickest parts of the shell.

Our results point out that: 1) shells and bio/lithoclast attachment in X. crispa occur on a prismatic
microstructure, which thus represents a highly functional fabric for attachment (e.g., muscle attachment in
bivalves), 2) X. crispa shells are composed by both aragonite and calcite, but the latter occurring only in
traces and probably limited to thin prismatic/spherulitic layers in the columella and peripheral edge.
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Acquisition of hard tissues is one of the most important events in biological evolution. Hard tissues
such as bones, teeth and shells are often preserved as fossils. Molluscan shells show a continuous and
abundant fossil record throughout the Phanerozoic, providing us with an excellent target of investigation
on the origin and evolutionary history of hard tissues. To this end, understanding of the molecular
mechanisms of biomineralization is essential. Shell matrix proteins (SMPs) have been believed important in
molluscan shell formation, and their amino acid sequences have been characterized for a number of
species. However, we still do not know the in vivo functions of those SMPs nor detailed mechanisms of
shell biomineralization. In order to setup a platform for a systematic functional analysis of shell matrix
proteins, we performed a combined transcriptome and proteomic analysis for the shell matrix proteins of
the pond snail Lymnaea stagnalis. We identified a total of 207 proteins from the shell matrix of L. stagnalis.
A total of 165 of them showed similarities to known proteins. We searched for conserved domains in those
proteins to infer their possible functions, and classified the proteins into six categories: extracellular
protein, enzyme, cation-interaction, polysaccharide interaction, proteinase inhibitor, and others. In order to
identify SMPs which may promote shell precipitation, we compared the expression levels of the genes
encoding SMPs between the right side and the left side of the mantle tissue. Underlying assumption is that
the genes for functional shell matrix proteins promoting shell precipitation would be more strongly
expressed in the right hand side of the mantle in the dextral snail, while there would be no such differential
expression pattern for the proteins which were accidentally trapped within the shells. A total of 17 proteins
indicated statistically higher gene expression in the right side than in the left, and 11 proteins out of them,
including calcium-binding proteins such as C-type lectin and EF- hand proteins, turned out to be mantle
specific proteins. Further characterization of proteins identified in this study, especially those inferred to be
promoting shell precipitation, would help us better understand the mechanisms and evolution of hard
tissue formation.
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Recent and fossil brachiopod shells are excellent biomineral archives for (palaeo)climatic and
(palaeo)environmental reconstructions. They precipitate their calcite shells in isotopic equilibrium with
ambient seawater mostly with no or limited vital effect; also, their low-magnesium calcite shell is generally
quite resistant to diagenetic alteration. Despite this, only few studies address the issue of identifying the
best part of the shell to sample for geochemical analyses. Here, we investigated the link between shell
ontogeny, microstructure and geochemical signatures recorded in different parts of the shell. To reach this
aim, we analyzed the elemental (Mg, Sr, Na) and stable isotope (60, 6°C) compositions of five recent
brachiopod species (Magellania venosa, Liothyrella uva, Aerothyris kerguelensis, Liothyrella neozelanica
and Gryphus vitreus). Specimens were collected from different latitudes and different environments (Chile,
Antarctica, Indian Ocean, New Zealand and Italy) and had different shell layer successions (two-layer and
three-layer shells). Besides the different trends shown by the two- and three-layer shells in their trace
element and stable isotope records, a similar patterns in the ventral and dorsal valves of these two groups
was observed, suggesting that both valves can be used for geochemical and isotope analyses. The present
investigation of recent brachiopods indicates that the best region to sample is the middle part of the mid-
section of the shell, and that the primary layer, the posterior and anterior parts as well as the outermost
part of the secondary layer should be avoided. Also, in fossil shells, the outermost and innermost layers
should be discarded as they may be the first parts to be diagenetically altered. Finally, among all proxies,
6180 values seem to be least affected by different microstructures and shell ontogeny, thus, making it a
most powerful and important recorder of (palaeo)climatic and (palaeo)environmental changes.
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Assessing ammonite lifespan is a challenge for macroevolutionary studies. Age estimations based
on growth features and chemical compositions of the low Sr aragonitic shell have been attempted on few
exceptionally preserved specimens, but remain questionable. Compared to the aragonitic shell, the calcitic
covering of the lower jaw (called aptychus) is poorly investigated although in Recent cephalopods, chitinous
beaks are considered relevant proxies for the age of the animal. Sclerochonological studies carried out on
recent and fossil mollusks have provided a methodological framework that could be applied to ammonite
lower jaws. Following these studies, well-preserved aptychi from the Campanian of Alabama (Mooreville
Chalk Formation) were investigated to assess its potential for sclerochonological studies. Microstructural
observations indicate that fine growth features (up to 2um thick) are well preserved and that a part of
paleobiological information is preserved. We analyzed growth lines spacing-out, microstructure, and
variation of the chemical composition along the growth direction (0'®0 and trace elements) in order to
provide the first age estimations for ammonites obtained from non-shell structures.
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The genus Gastornis includes large terrestrial herbivorous birds known from Europe, North America
and China during the Paleocene and the Eocene. The Thanetian Mont-de-Berru site in north-eastern France
has yielded remains referred to two species, G. parisiensis and G. russelli. While many specimens of G.
parisiensis are known, including post-cranial as well as cranial material, the species G. russelli Martin, 1992
is based on a single left tarsometatarsus (the holotype), and a referred fragmentary beak, both in the
collections of the Paris Natural History Museum. Martin (1992) briefly described this beak and provided a
drawing, in which the missing tip is reconstructed as forming a distinct hook, for which there is no factual
evidence.

A new preparation and reexamination of this beak leads to a new interpretation. The specimen
(R2583) corresponds to the fused premaxillae and maxillae showing a very large naris which is much larger
and anteriorly placed than the naris observed on the known Gastornis beaks, in which it is clearly very small
and posterodorsally located. This significant difference at first sight challenges the attribution of this beak
to Gastornis. However, an examination of the skull bones of both juvenile and adult specimens of Sylviornis
neocaledoniae shows that in this bird both the position and size of the naris changed during ontogeny, from
a large and anterior naris in juveniles to a small and posterodorsal naris in the adults. Assuming that the
same kind of allometric growth occurred in Gastornis, we interpret the beak R2583 as a juvenile, not an
adult, specimen.

The attribution of this beak to a juvenile therefore challenges the referral of this specimen to the
species Gastornis russelli. The holotype tarsometatarsus of G. russelli belonged to an adult, to judge from
the complete fusion of its bony components. The beak is too large to consider it as a juvenile of G. russelli,
but is consistent with G. parisiensis, the other Gastornis species known from the same site. Therefore, we
suggest that specimen R2583 belongs to a juvenile of G. parisiensis. The type tarsometatarsus of G. russelli
differs from that of G. parisiensis only in its smaller size. A revision is required to establish if G. russelli is a
valid species or should be included in G. parisiensis, in which case the small size of the tarsometatarsus
currently attributed to G. russelli would imply significant size variation or sexual dimorphism in G.
parisiensis.
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Birds constitute a classic example of modern vertebrates with highly variable neck lengths ranging
from short necks in songbirds to extremely long, serpentine necks in herons. Since this includes a wide
array of small to very large species, this raises the question of how neck length relates to body size.
Furthermore, neck length is not necessarily an indicator of the number of cervical vertebrae since a few
elongated vertebrae may form an equally long neck as do many short vertebrae.

We sampled the skeletons of a diversity of bird species (including fossil taxa) and compiled
guantitative data of body proportions. We tested the length of the cervical vertebrae in relation to body
size in order to reveal if the avian neck is subject to allometry. Next, we analyzed the relationship between
vertebral length and the length of other body parts such as pelvic limb bones. This enables to reveal trends
in proportion between the neck and other parts of the skeleton.

Our results show that neck length shows an isometric scaling in relation to body size in the majority
of taxa. Pelagic specialists and birds that forage below or around the water surface tend to have a relatively
long neck, whereas many birds that forage on the ground have a relatively short neck. The length of the
central vertebra shows moderate negative allometry in relation to femur length and tibiotarsus length. It
scales with strong negative allometry in relation to tarsometatarsus length. The vertebral length decreases
relatively as tarsometatarsus length increases.

Variation in neck length appears to be related to functional differentiation in terms of foraging. The
neck in birds serves many demanding tasks and is of particular importance for feeding. The association
between vertebral length and tarsometatarsus length may support a reported trade-off between
quantitative design (i.e., relative volumes of bone) and maximum rates of avian posthatching growth. Since
the tarsometatarsus bone is one of the longest and fastest growing in the body of birds, this pattern of
development may limit the relative growth of the vertebrae resulting in shorter vertebrae.

The present study, as the first large scale analysis of the scaling patterns of the cervical vertebral
column in living and extinct birds, provides new information on the function and development of the avian
neck. Next, we aim to include non-avian theropods in order to reveal if the growth trade-off occurred after
the theropod-bird transition.
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Large ostrich eggs have been known from Quaternary deposits (especially Pleistocene loess) in
northern China since the 1890s. The egg-based taxon Struthio anderssoni was erected for them by Lowe in
1931, and a few skeletal remains have also been referredto it. The large sizes of these eggs and bones,
exceeding those of the living Struthio camelus, have often been emphasized, and the term ?giant ostrich'
has frequently been used. However, no quantitative estimates have so far been provided for Struthio
anderssoni. We have estimated the mass of that bird using two distinct approaches. A mass estimate of 270
kg, which is considerably above the maximum weight for S. camelus (mass range: 100-156 kg for males, 90-
110 kg for females), has been obtained from the minimum circumference of an incomplete femur from the
Late Pleistocene of the Upper Cave at Zhoukoudian, using Campbell and Marcus's method. Using Hoyt's
equations based on the transverse and longitudinal diameters of the shell, we have estimated the volume
and mass of eggs from various Pleistocene localities in northern China, on the basis of measurements
available in the literature. Volumes range from 1542.9 cm’ to 2399.9 cm® and masses from 1.7 kg to 2.6 kg.
This again is more than the values for wild S. camelus (volume: 1082 - 1425 cm?®; mass: 1.1 - 1.5 kg). Dyke
and Kaiser's equations linking egg mass to femur length and body mass of the female bird indicate a femur
length range of 304.8 - 371.9 mm (mean: 338.35; range in S. camelus: 249 -330 mm, mean: 289.5) and a
mass range of 176.9 ?350.8 kg (mean: 263.85 kg). A S. anderssoni femur from the Upper Cave had a length
of 355 mm, within the estimated range, and the above-mentioned femur-based mass estimate of 270 kg is
also within the range of masses estimated from egg measurements. Our results show that S. anderssoni
was indeed a giant ostrich, with a mass that could be more than 150 % that of S. camelus, and within the
range of other very large extinct birds, such as the giant moa, Dinornis robustus. Since S. anderssoni lived in
northern China during cold periods of the Pleistocene, its large size could be interpreted as an adaptation
to a cold climate, following Bergmann's rule. However, very large ostriches from the Miocene (e.g. Ukraine)
and the Early Pleistocene (e.g. Hungary, Georgia, Tanzania) did not live under cold climates, which suggests
that other reasons must be sought for the very large size of S. anderssoni.
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Despite abundant discoveries of Mesozoic birds in the last few decades, knowledge of their
evolution during the last 20 million years of the Cretaceous remains scant. However, this time interval is
vital for understanding the rise of modern birds as well as the pattern of avifaunal turnover during the
Cretaceous-Paleogene transition. We report on a remarkably rich site (William's Quarry; discovered in 2004
by WN) contained in the Upper Cretaceous Adamantina Formation (Bauru Group) of southeastern Brazil
(Presidente Prudente, western Sdo Paulo State). Excavations at this site have produced hundreds of
partially articulated and isolated remains of small to medium-sized enantiornithine birds concentrated in a
very small area (approximately 6 m?) of red-pink fluvial sandstones and claystones. The remains include
numerous postcranial elements as well as many skull portions (isolated rostra, mandibles, and crania)
preserved in three-dimensions and representing at least three taxa. This site constitutes the most abundant
avian Mesozoic locality in the Americas and the richest site of Late Cretaceous age in the world. As such,
this site provides key information for contrasting hypotheses of avian diversification during the K-Pg
transition and the earliest divergences of modern birds. Together with other Late Cretaceous localities from
Gondwana, the information revealed at this site indicates a clear abundance of enantiornithine bird species
during the ~80-70 mya interval. Such a record is difficult to reconcile with hypotheses arguing that modern
(neornithine) birds originated in the southern hemisphere during the Late Cretaceous.
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Hundreds of specimens of Confuciusornis sanctus have been recovered from the Early Cretaceous
Jehol Group of Northeastern China. Here we investigate the bone microstructure of 22 long bones sampled
from ten different sized Confuciusornis specimens to assess life history patterns of this basal pygostylian
bird. Analysis of the bone histology of the various bones revealed differences in the histological structure of
their bone walls. By comparing the histology of the Confuciusornis bones to ontogenetic changes in modern
bird bone histology we were able to separate the Confuciusornis material into different age classes
representing, juvenile, subadult and adult sizes. When the histology "age-assigned” specimens were
plotted on a graph obtained from "morphometric” analyses, the histology correlated with different sized
birds. Our findings suggest that Confuciusornis took several years to attain skeletal maturity and that the
"clusters” reflect ontogeny i.e. "age cohorts” rather than sexual dimorphism or interspecific differences.
This supports the earlier hypothesis that like Archaeopteryx and several other basal birds, Confuciusornis
experienced a slower growth rate than most extant birds. Considering recent identification of a
reproductive female Confuciusornis specimen (without tail feathers), we have been able to ascertain when
sexual dimorphic traits became evident in the species. Our findings suggest that males exhibited long tail
feathers early in ontogeny, suggesting that these early birds were able to reproduce well before they were
adult body size.
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The fossil record and recent molecular phylogenies support an extraordinary early Cenozoic
radiation of crown birds (Neornithes) following the Cretaceous-Paleogene (K—Pg) mass extinction. However,
guestions remain regarding the mechanisms underlying the survival of the deepest lineages within crown
birds across the K—Pg boundary, particularly since this global catastrophe eliminated even the closest stem
group relatives of Neornithes. Here, ancestral state reconstructions of neornithine ecology reveal a strong
bias toward taxa exhibiting predominantly non-arboreal lifestyles across the K—Pg, with multiple
convergent transitions toward predominantly arboreal ecologies later in the Paleocene and Eocene. By
contrast, ecomorphological inferences indicate predominantly arboreal lifestyles among enantiornithines,
the most diverse and widespread Mesozoic avialans. Global paleobotanical and palynological data show
that the K—Pg Chicxulub impact triggered widespread destruction of forests. We suggest that ecological
filtering due to the temporary loss of significant plant cover across the K—Pg boundary selected against any
flying dinosaurs (Avialae) committed to arboreal ecologies, resulting in a predominantly non-arboreal post-
extinction neornithine avifauna composed of total-clade Palaeognathae, Galloanserae, and terrestrial total-
clade Neoaves that rapidly diversified into the broad range of avian ecologies familiar today. The
explanation proposed here provides a unifying hypothesis for the K—Pg-associated mass extinction of
arboreal stem birds, as well as for the post-K—Pg radiation of arboreal crown birds. It also provides a
baseline hypothesis to be further refined pending the discovery of additional neornithine fossils from the
Latest Cretaceous and earliest Paleogene.
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The Danakil Depression (Afar, Ethiopia) lies 120 m below sea level, and consists of a windswept
saline flat, floored by a 2 km layer of salt, in which rise low mounds with active volcanoes, including Erta
‘Ale. The area is a hot desert, but sheetfloods from the highlands course over the saltflats, percolating
down fractures into the subsurface, where they become heated by the high heat flow. The resulting
thermal waters well up as multicolored salt thermal springs at Dallol, Black Lake, and Gaet’ale.

At least 10 dead birds were seen around the circular spring-fed lake at Gaet’ale. All of them were
well-preserved, having effectively been pickled by the hypersaline brine of the lake. The largest bird was a
Black-headed Heron (Ardea melanocephala), which was partly covered in salt. The other birds, which were
in various states of entombment by the surrounding salt, included the Eurasian Kestrel (Falco tinnunculus),
Painted Snipe (Rostratula benghalensis), and possible ravens and swifts. Two dead birds have also been
noted around the Black Water spring, while a dead Isabeline Wheatear (Oenanthe isabellina) has been
recorded from Dallol. The dead birds around these thermal springs were most probably killed by CO,
emanations, such as were observed coming out of the Dallol crater in 2011. Almost all the birds examined
showed signs of opisthotonia or post- or perimortem convulsions. The Black-headed Heron displays classic
opisthotonic posture, also known as “dead bird” or “dead dinosaur” posture, with a strongly recurved neck
and head arched backwards through muscular contractions. The Painted Snipe lies with its long beak
pointed upward and slightly backwards, and with one extended leg in an awkward, unnatural position,
indicating possible perimortem convulsions. The Eurasian Kestrel, although with a short neck, displays
extreme opisthotonia, with its head hyperextended right back, so that its beak points backwards.

This avifauna-dominated thanatocoenosis, involving several different species of birds, all displaying
opisthotonia, is a potential key to solving riddles from the fossil record, where multispecies sudden-death
assemblages have been recorded, showing similar opisthotonic postures and perimortal convulsions,
related to the death throes of dying animals. Death by CO, poisoning around thermal springs can now be
added to other postulated causes of death for such thanatocoenoses- such as droughts, lethal red algal
blooms, poisonous waters, and flash floods.
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New Zealand’s Platydyptes old penguins with a new
view: significance of the genus
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New Zealand is home to a magnificent record of fossil penguins (Sphenisciformes). Uniquely
adapted to aquatic life, their dense, ballasting bones predispose penguins to fossilise. Platydyptes, first
described by B.J. Marples in 1952, is one of the most crownward of the stem (basal) penguins and one of a
few described Late Oligocene genera. This position within penguin history shows Platydyptes as a precursor
for the “modern” or crown radiation of penguins, with importance for understanding functional
morphology. Despite the potential value of the genus, the last published work on Platydyptes was by
Simpson in 1971, on taxonomy but not including phylogeny or function. Platydyptes penguins are robust,
adding to their preservation potential; while there is some variation in size, the three currently described
species P. novaezealandiae, P. amiesi, and P. marplesi can be considered medium-sized ancient penguins
(the smallest described species P. marplesi is closer in size to a king penguin, “95cm height, than to a
crested penguin, “50-70cm height). A redescription of the genus is planned, to include new potentially
diagnostic features from the P. novaezealandiae holotype, and the description of undescribed specimens
from Hakataramea. For instance, a semi-articulated partial skeleton from the Otekaike Limestone of
Hakataramea (OU 22804) varies from other Platydyptes. This fossil preserves the taxonomically diagnostic
humerus as well as rarer elements such as the mandible, quadrate, a semi-complete sternum, and pelvis.
While showing characteristics of Platydyptes, OU 22804 does not fall into the currently described species.
Further ahead a phylogenetic study is also planned.
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Pygostyle formation in early birds
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The pygostyle, a compound element formed through fusion of the distal caudal vertebrae, is one of
the most definitive characteristics of living birds but is absent in the most basal known taxon, the Late
Jurassic Archaeopteryx whose elongate tail resembles that of its non-avian dinosaurian close relatives. In
the Early Cretaceous, birds with bony tails even longer than that of Archaeopteryx co-exist with the basal-
most pygostylians, birds whose abbreviated tails end in a pygostyle. With no obvious transition apparent
from the fossil record, the evolution of this compound element has remained largely mysterious. The vast
collections of Early Cretaceous birds from the Jehol deposits in northeastern China are dominated by
subadult material and these fossils shed light on the formation and development of the pygostyle in
individual lineages of early birds. Most informative are numerous specimens of young juvenile
enantiornithines, which in particular show unusual allometric growth in the tail with this part of the
skeleton being proportionately much longer in the youngest individuals. Osteohistological sampling and
advanced scanning technologies applied to juvenile and subadult specimens further elucidates details of
the formation of this element in individual lineages. The greater overall length of the pygostyle in the
Confuciusornithiformes and Enantiornithes appears to correspond with a greater number of co-ossified
vertebrae relative to the shorter pygostyles present in the Sapeornithiformes and Ornithuromorpha.
Apparent differences in the number of caudal vertebrae forming the pygostyle in these clades may suggest
multiple originations of this element or that the primitive pygostylian condition consisted of a pygostyle
formed by at least twice the number of vertebrae observed in extant neornithines. As in living birds, the
formation of the pygostyle is a post- hatching event but the time it takes for complete fusion to occur varies
between basal lineages.
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Laser-Stimulated Fluorescence reveals preserved
soft tissues which unravel the complexity of avian
flight evolution

1 2 3 4
Michael Pittman *t , Thomas G. Kaye , Xiaoli Wang , Xiaoting Zheng ,

5 6 7
Scott A Hartman , Guillermo Navalén , Xing Xu

"The University of Hong Kong (HKU) — Vertebrate Palaeontology Laboratory, Department of Earth Sciences, Pokfulam,
Hong Kong SAR China
2 Foundation for Scientific Advancement — Sierra Vista, Arizona, 85650, United States
® Institute of Geology and Paleontology, Linyi University, Linyi City, Shandong, 276005, China
4Shandong Tianyu Museum of Nature — Pingyi, Shandong, 273300, China
> University of Wisconsin-Madison — Department of Geoscience, Madison, Wisconsin, 53706-1692, United States
®The University of Bristol — School of Earth Sciences, Bristol, BS8 1RJ, United Kingdom
7 Institute of Vertebrate Paleontology and Paleoanthropology (IVPP) — Key Laboratory of Vertebrate Evolution and
Human Origins of Chinese Academy of Sciences, Beijing, 100044, China

Fossils of exceptionally preserved theropod dinosaurs have pushed back the origins of important
anatomies related to avian flight. The unique anatomical configurations they possess indicate a highly
diverse road to modern flight capabilities. Whilst less flight proficient lineages went extinct, rare evidence
exists of unusual adaptive trends towards improved flight proficiency. For example, our work with Laser-
Stimulated Fluorescence produced a quantitative body outline of the basal bird Anchiornis, from the extinct
anchiornithid clade. This revealed a narrow, extended wing form with undifferentiated feathering.
Additional data is therefore paramount to understanding the full range of early avian flight development.

Using Laser-Stimulated Fluorescence we discovered that the short-tailed early bird Confuciusornis
(Pygostylia: Confuciusornithidae) had extensively muscled shoulders in contrast to reduced breast muscles.
This evolved along the confuciusornithid lineage through incremental development of the deltopectoral
crest of the humerus in the absence of a keeled sternum - opposite to the keel-dominated configuration of
modern birds.

We provide the first direct soft tissue evidence of an alternative musculoskeletal framework among
early pygostylian birds, which led to novel, improved flight proficiency. These findings indicate that the
transition to more modern crown birds during the Cretaceous included the elimination of lineages that had
differentially improved flight proficiency, suggesting that this process of elimination was more nuanced
than previously supposed. Such parallelism evident here presents a valuable opportunity to further explore
the role of parallel evolution in shaping the development of avian flight.
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Multiple origins of powered flight among paravian
theropod dinosaurs: constraints from new
phylogenetic, aerodynamic and anatomical data
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The evolution of birds from paravian theropod dinosaurs is a classic evolutionary radiation.
Unfortunately, there is a lack of consensus on the geneology of birds and their very closest relatives. This
has made it difficult to understand the timing and sequence of evolutionary changes along the line of
descent to modern birds, particularly those involved with flight.

We have addressed this issue through a larger, more resolved phylogeny produced by analysing a
revised dataset using an automated pipeline of analysis tailored to large morphological datasets. The
enhanced automation and newly developed techniques of this analytical pipeline should greatly increase
access to more in-depth analyses using parsimony as a criterion for phylogenetic inference.

We corroborate the grouping of dromaeosaurids and troodontids (Deinonychosauria) as the sister
group to birds. We also recover the basal ‘Jianchang’ paravians as the basalmost avialans (Anchiornithidae
e.g. Anchiornis), instead of troodontids. Wing loading and specific lift (theoretical and in vivo based criteria
devised to discern volant from flightless avians) were calculated for taxa with vanned feathers and
interpreted in the context of the improved phylogeny. This provided upper and lower bounds for flapping-
based locomotor evolution, especially powered flight. Our results show that theropod powered flight
appears to be limited to paravians and originated multiple times. The dromaeosaurids Microraptor and
Rahonavis are especially strong non-avialan candidates for this behaviour.
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A new caudipterid dinosaur from the Lower
Cretaceous Jehol Group of China
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Caudipteridae is a primitive group of oviraptorsauria only found in the Early Cretaceous Jehol Group
of western Liaoning, China. It is one of the first true feathered dinosaur that avian-like pennaceous remiges
and rectrices present. Its discovery reduces both skeletal and soft tissue gap between small theropod
dinosaurs and birds. Here we describe a new caudipterid species from the Lower Cretaceous Yixian
Formation from Yixian County, Liaoning Province. This turkey-sized specimen is an adult individual based on
fusion between neural arch and centrum on all preserved vertebrae. It is assigned to caudipteridae by a
combination of following characters: relative short tail with few caudals; humerus about 50% of the
femoral length; the metacarpal | shorter than half length of the metacarpal Il; slightly concave proximal
articular surface of manus phalanx I-1; proximal portion of metatarsal Ill compressed transversely. While it
can be distinguished from known caudipterids Caudipteryx and Similicaudipteryx by small oval pleurocoel
near the dorsal margin of the centrum, scapula shorter than the humerus, ulna subequal to humerus,
relative small radiale angle, extremely short metacarpal | less than 40% length of metacarpal Il
Phylogenetic analyses using both coelurosaurian and oviraptorosaurid matrix support the new species
belong to caudipteridae. The new species exhibits a mosaic morphology. The features of its manus, such as
slender digit Il with full phalanges, ligament pit dorsally located, are more similar to other
oviraptorosaurids rather than caudipteridae. We conclude that the manus of oviraptorosaurids show a
complex evolution, different group has its own evolutionary trend. Its radiale gives new understanding of
evolution of radiale angle along coelurosauria.
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Soaring like a vulture in the Cretaceous: Sapeornis
and the evolution of energy-saving aerial strategies
in early birds
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Interpretations of the avian fossil record suggest that strategies to save cost of flight might have
evolved by the Early Cretaceous, long before the origin of modern birds. In this study, we use a
combination of computational modelling and morphofunctional analyses to infer the flight properties of
the raven-sized, 125-million-years-old bird Sapeornis chaoyangensis. Specifically, lever theory as applied to
the well-developed DPC of the humerus of this bird, and multivariate and computational models of modern
neornithines, evidence that S. chaoyangensis would have had energetic limitations for prolonged flapping
flights and suggest a flight behaviour comparable to that of modern soarers. Our results also indicate that
the high-lift wings of S. chaoyangensis would have enabled this bird to soar in continental thermals.
Aerodynamic modelling (slow gliding speeds with low lift-to-drag ratios and circling pattern during soaring)
further evidences that S. chaoyangensis would have had an aerial behaviour similar to thermal soarers such
as vultures and storks. Combined to known paleobiological evidences of herbivory and grasping feet, our
results indicate that S. chaoyangensis was a thermal soarer with an ecology similar to that of living South
American screamers. In summary, our results provide evidence documenting that thermal soaring, a
strategy to reduce aerial costs observed in many medium-to-large modern birds, had evolved by at least
125 Ma among large early birds. This conclusion highlights once again the significant breadth of ecological,
functional and behavioral diversity reached during the earliest avian evolutionary radiation of the
Mesozoic.
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Bone fusions in manus and pelvis in the early
evolution of birds in light of new discovery
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The skeleton of birds show remarkable modifications pertaining to powered flight. The most
noticeable feature is bone fusion in the hand, feet and pelvis, which enhances the strength and rigidity of
the body. However, the historical origin of avian bone fusions remains allusive. This is largely because of
the lack of transitional fossils and developmental studies on modern birds. Recently, we reported one of
the earliest avian records that has a fully fused alular-major metacarpals and pelvis from the 120 million
years old horizon from the Jehol Biota, northeast China. We traced the degree of fusion in manus and pelvis
across Paravian phylogeny, and demonstrate that these features evolved independently in non-avian
theropods, Enantiornithes, and Ornithuromorpha. The fusions of these bones are rare in known non-avian
theropods and Early Cretaceous birds, but are well established in Late Cretaceous and crown birds,
revealing a complicated evolution trajectory not appreciated previously. We suggest that the developments
of bone fusion were polymorphic close to the origin of birds, resulting in the varying degrees of fusion in
Paraves. However, that development polymorphism appear to be fundamentally restricted along the line to
modern birds by the Late Cretaceous, where all birds have a completely fused manus and pelvis, suggesting
developmental plasticity. Alternatively, the degree of bone fusion in this primitive bird may have been
induced by modifications in genes or developmental paths (e.g., Hox). Future studies and fossil discoveries
are required to clarify these hypotheses and pinpoint the developmental pathways involving the bone
fusions in early avian evolution through to their modern pattern.
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New Ichthyornis specimens: shedding new light on a
classic taxon
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The Late Cretaceous toothed bird Ichthyornis dispar was one of the first known Mesozoic avialans,
and is recognized today as one of the closest relatives of crown birds among Mesozoic stem birds. As such,
the skeletal morphology of Ichthyornis may be more representative of the ancestral condition of crown
birds than that of any other known Mesozoic avialan, and its study has crucial implications for
understanding the origins and early evolution of crown birds. Previous work on Ichthyornis has largely been
based on limited fossil material discovered over a century ago.

Here we present high-resolution scans of new, exquisitely preserved three- dimensional specimens
of Ichthyornis from the Late Cretaceous of Kansas, focusing on the pectoral girdle and wing elements. The
new specimens are more complete and in better condition than the classic material, and include some
previously unrepresented elements, as well as better preserved examples of several bones. These include a
complete, three-dimensionally preserved sternum, including robust caudolateral processes and relatively
developed sternal incisures. The coracoid exhibits very large and recurved acrocoracoid and procoracoid
processes, and the scapula preserves a robust, pointed and hook-shaped acromion process, differing from
previously referred specimens. This last character is of particular interest, as it represents a previously
described autapomorphy of Ichthyornis dispar. Thus, the new material may represent a previously
unknown species, or this putative autapomorphy may be more variable among /. dispar than previously
appreciated. Wing bones, carpals and hand elements are well preserved as well, and include the first
complete radiale known from Ichthyornis.

Ongoing work on these and other new Ichthyornis specimens will shed new light on morphological
evolution across the proximal-most portion of the stem-bird phylogenetic tree.
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Shining a light on nightbird relationships: A total-
evidence phylogeny of strisores
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Strisores is a clade of largely insectivorous crown-group birds that includes highly specialized fliers
such as the Apodiformes (swifts and hummingbirds), as well as the nocturnal Caprimulgidae (nightjars),
Steatornithidae (oilbird), Nyctibiidae (potoos), Podargidae (frogmouths), and Aegothelidae (owlet-
nightjars). Recent molecular and morphological phylogenetic analyses have uniformly recovered the
nocturnal strisorians as a paraphyletic grade with respect to Apodiformes. However, despite the use of
large-scale molecular datasets, the precise phylogenetic relationships between the nocturnal strisorians
have been resolved inconsistently by different studies and remain controversial.

Given the lack of consensus between results based on molecular data, we examined the possibility
that incorporating morphological data from fossils might improve resolution of this phylogenetic problem.
Putative stem-members of nearly all major strisorian lineages have been described from Eocene fossil
deposits, potentially providing critical information on ancestral character states within Strisores. We
adopted a total-evidence approach combining both molecular and morphological data, which has hitherto
only been applied to strisorian phylogeny to a limited extent. Our phylogenetic dataset includes 117
morphological characters scored for 24 strisorian taxa (of which 14 were fossil taxa) as well as DNA
sequences from the extant taxa. This dataset was analyzed using Bayesian phylogenetic methods in
MrBayes, resulting in a novel phylogenetic topology of Strisores that is nonetheless largely congruent with
the findings of a comprehensive recent molecular phylogenetic analysis of modern birds.

Our results suggest that total-evidence approaches are promising in their potential to help resolve
outstanding questions in crown-bird systematics. In future work, we aim to further clarify the early
evolution of Strisores by performing a tip-dating analysis on our dataset to generate a time-calibrated
phylogeny of these specialized birds.
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An exceptional perinate Enantiornithes from the
Lower Cretaceous of Spain and its implications for
ossification pattern in early birds
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The evolutionary diversification of birds has resulted in a marked variation of locomotory
adaptations in perinates, a wide range of developmental strategies of hatchlings, and important differences
in their growth rates. Discoveries of fossil remains of juvenile birds from the Creta- ceous have furthered
our understanding of the developmental pathways of some of the earliest branching avian lineages. Indeed,
the analysis of the timing of ossification in these primitive birds can address uncertainties in the
foundations of avian comparative developmental biology and the group’s morphological evolution. Using a
wide range of analytical and imaging tech- niques (including propagation phase contrast synchrotron
microtomography and synchrotron rapid scanning X-ray fluorescence elemental imaging) we explored in
depth and non-invasively a unique, nearly complete skeleton of an early juvenile Enantiornithes from the
Early Cretaceous (c. 127 Ma) Konservat-lagerstatte of Las Hoyas (Spain), MPCM-IH-26189. The specimen
clearly belongs to Enantiornithes, the most species-rich clade of Mesozoic birds, but its early ontogenetic
stage makes it impossible to know whether it represents a new species. Irrespective, of the three
enantiornithine taxa described from Las Hoyas MPCM-IH-26189 appears closer to /beromesornis than to
Eoalulavis and Concornis, in both skeletal proportions and morphology. This specimen is amongst the
smallest known Mesozoic avians, representing post-hatching stages of development. The fossil sheds light
on Enantiornithes’ osteogenesis. A complex ossification pattern is present in the sternum, in which both
the fan-shaped caudomedial xiphial ossification and the two parasagittal strap-like trabeculae are present,
while the craniomedial bony discoid has not ossified yet. At least ten free caudal vertebrae are present,
which is an unusually high number. Comparisons between this new specimen and other known early
juvenile enantior- nithines support an asynchronous pattern in the sequence of ossification of the sternum
and the vertebral column across some of the earliest avians. Our work indicates that the tempo of skeletal
maturation and the developmental strategies of the hatchlings of basal birds was more diverse than
previously thought, approximating the situation in neognaths.
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Vocal specialization through tracheal elongation in
an extinct Miocene pheasant from China
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Modifications to the upper vocal tract involving hyper-elongated tracheae have evolved many times
within crown birds, and their evolution has been linked to a ?size exaggeration' hypothesis in acoustic
signaling and communication, whereby smaller-sized birds can produce louder sounds. A fossil skeleton of a
new extinct species of wildfow! (Galliformes: Phasianidae) from the late Miocene of China, preserves an
elongated, coiled trachea that represents the oldest fossil record of this vocal modification in birds and the
first documentation of its evolution within pheasants. The phylogenetic position of this species within
Phasianidae has not been fully resolved, but appears to document a separate independent origination of
this vocal modification within Galliformes. The fossil preserves a coiled section of the trachea and other
remains supporting a tracheal length longer than the bird's body. This extinct species likely produced
vocalizations with a lower fundamental frequency and reduced harmonics compare to similarly-sized
pheasants. The independent evolution of this vocal feature in galliforms living in both open and closed
habitats does not appear to be correlated with other factors of biology or its open savanna-like habitat.
Features present in the fossil that are typically associated with sexual dimorphism suggest that sexual
selection may have resulted in the evolution of both the morphology and vocalization mechanism in this
extinct species.
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The Eocene age deposits of Messel have yielded an important array of bird taxa, many of which
represent stem members of extant clades. One of these birds is the stem upupiform Messelirrisor. Like
many of the Messel birds, specimens of Messelirrisor have exceptional soft tissue preservation including
feathers, with some even showing original colour patterns. Thanks to the discovery that integumentary
structures such as feathers are preserved due to the retention of the pigment melanin, original colouration
can be predicted through quantitative comparison to modern bird melanosomes. Here, we analyse multiple
specimens of Messelirrisor and predict a likely colouration of mixed blacks and greys, as well as a striped
black and white tail. The extant members of Upupiformes, the hoopoes and wood hoopoes, show strikingly
different colouration to one another which is likely related to their respective feeding habitats. Of the two
extant clades, Messelirrisor shows more similarity to the wood hoopoes which are specialist arboreal
feeders. The colour predictions therefore match the presumed forested environment of Messel and the
predicted perching habit of Messelirrisor, although there is no evidence that the distinctive iridescence of
wood hoopoes was present in Messelirrisor, which has implications for behavioural adaptations related to
signalling.
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Tooth reduction and loss was an important evolutionary process in Mesozoic birds. Analysis of
evolutionary trends in the total mass of the dentition, a function of tooth size and tooth number, has the
potential to shed light on the evolutionary pattern of tooth reduction and loss, and on the causes of this
pattern. Because modern birds lack teeth, however, they cannot provide the basis for a model that would
allow estimation of tooth masses in their Mesozoic counterparts. We selected the teeth of crocodilians as
analogues of those in Mesozoic birds because the latter are the closest living relatives of the former, and
because the two groups are similar in tooth morphology, tooth implantation, and tooth replacement
pattern. To estimate tooth masses in Mesozoic birds, we formulated four regression equations relating
tooth mass to various linear dimensions, which were measured in 31 intact isolated teeth from eight
individual crocodiles (Crocodylus siamensis). The results for Mesozoic birds show that dental mass as a
proportion of body mass was negligible, at least from the perspective of flight performance, suggesting that
selection pressure favoring body mass reduction was probably not the primary driver of tooth reduction or
loss. Variations in dental mass among Mesozoic birds may reflect the different foods they ate, and the
different types of feeding behavior they displayed.
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Microbial life in the Paleoproterozoic remains poorly described despite existing paleontological and
biogeochemical evidence pointing towards the existence of significant microbial diversity since the
Archean. The 2.1-billion-years-old (Ga) Francevillian sedimentary rocks in Gabon have been intensively
studied because of economic interests in their uranium and manganese ore deposits but also due to the
oldest reported macroscopic fossils of various sizes and shapes. A large diversity of exceptionally preserved
mat-related structures comprising ‘elephant-skin’ textures, putative macro-tufted microbial mats, domal
buildups, flat pyritized structures, discoidal microbial colonies, horizontal mat growth patterns, wrinkle
structures, ‘kinneyia’ structures, linear patterns and nodule-like structures have been reported in a 20 m
thick interval of both sandstone and black shales. Petrographic analyses, scanning electron microscopy,
Raman spectroscopy and organic elemental analyses of carbon-rich laminae and microtexture provide
strong evidence in favour of mat-colonized sediments. The microtextural composition of bacterial mats
encompasses floating grains of silt-sized quartz and concentrated heavy minerals, as well as wavy-crinkly
laminae and pyritized structures. Comparisons with modern analogues, and a 2513C0rg composition of -30.67
to -41.26, indicate a paleo-marine setting typical of the modern euphotic zone, colonized by benthic
photoautotrophic microorganisms. The low 613COrg signatures suggest the coexistence of multiple trophic
levels involved in the cycling of photosynthetically derived C,,, including phototrophy, heterotrophy and
methanotrophy. The relatively close association of the oldest colonial macroorganisms to the microbial
mats may imply that bacterial communities acted as potential benthic O, oases linked to oxyphototrophic
cyanobacterial mats. In addition, their presence most likely improved the preservation of the macroscopic
specimens, as bacterial mats are known to strongly biostabilize sediments. The Francevillian series host the
oldest community assemblage of microscopic and macroscopic biota, providing a new window into the
Paleoproterozoic microbial life and widening our understanding of biological organization at that time.
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Iron ooid deposits are relatively common during some periods of the Phanerozoic, but their
depositional environment often lacks a modern analogue. To understand the formation and context of iron
ooids, they must be documented in a sedimentary and sequence stratigraphic context. The Ferguson Hill
Member of the Early Jurassic Sunrise Formation of western Nevada, USA was examined to contextualize
one of the earliest Mesozoic occurrences of iron ooids in the Panthalassa, following the Triassic/Jurassic
boundary. A detailed facies model and sequence stratigraphic framework was developed for deposits from
New York Canyon, NV, and lithologic samples underwent detailed thin section and SEM microscopy to
determine facies as well as the distribution and nature of iron ooids.

The Ferguson Hill Member of the Sunrise Formation was deposited on a northwestward-dipping
carbonate ramp, with facies including shallow-subtidal skeletal — peloidal wackestone to packstone, ooid-
skeletal packstone to grainstone shoal, and lower ramp carbonate shales and turbidites. Iron ooids appear
in ooid-skeletal packstones to grainstones just above flooding surfaces in columns across the study area.
SEM imaging of iron ooids revealed the laminations are irregular and mottled at the sub-micron scale. The
chemical composition of the iron ooid laminations showed areas rich in silicon and oxygen- interpreted as
silica, and areas rich in iron, manganese, silicon, aluminum, and oxygen- interpreted as chamosite.

This increase in the abundance of iron ooids up section New York Canyon indicate the presence of a
condensed section where prolonged low oxygen conditions allowed chamosite to accumulate at the
sediment water interface. The condensed low- oxygen section is recognized in other columns as an
accumulation of authigenic iron and little to no bioturbation. Owing to the deposition of chamosite in
anoxic environments, iron ooids found in the Early Jurassic may be used as a potential indicator of low-
oxygen conditions during the biotic recovery following the End-Triassic extinction.
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The occurrence and abundance of skeletal grains types in carbonate sediments, especially benthic
foraminifera, are widely used as facies indicators and enviromental proxies, such as water depth. Here, we
investigate sediment composition of a Mesoamerican fringing reef off Puerto Morelos, (Quintana Roo,
Mexico), where microfacies distribution can serve as an analogue for reconstructing the development of
Holocene and Pleistocene fringing reefs. Representative biogeomorphic zones were sampled and
photographed by Scuba diving or snorkeling along a transect perpendicular to the reef crest. For each
sample we determined: a) particle size distribution of 150 grams of sediment; b) composition of 150 major
non-skeletal and skeletal grain types (bivalve, echinoderms, sponge spicules, Halimeda, gastropod,
foraminifera, coral, octocoral, Polychaete, ostracods, red algae, tunicata spicules, pellets/aggregates); c)
foraminiferal species composition and abundance from 2 gram aliquots; and d) the Foram index
(Foraminifera in Reef Assessment and Monitoring, which is an indicator of the biological condition of the
reef environment). The research shows that each reef zone has a characteristic biofacies (inner and outer
lagoon, back-reef, reef crest, fore-reef and sand terrace). Furthermore, some taphonomic features of the
foram species are directly related to the reef environment. The Foram index average is 2,73 (3
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High global temperature and pCO, characterized the Middle Miocene Climatic Optimum (MMCO;
ca. 17-14.5 Ma) and are thought to have promoted highly diverse ecosystems in warm and wet climates at
high latitudes. However, only sparse observations inform interpretations of regional climate and biotas
outside the northern hemisphere. The Santa Cruz Formation (SCF; 47-52°S) of coastal Patagonia (ca. 17.8—
16.6 Ma) represents the southernmost sedimentary sequence in the world recording the onset of the
MMCO. SCF fossiliferous horizons yield one of the most species-rich and well-preserved vertebrate
assemblages on Earth. Plant macrofossils and well preserved phytolith assemblages also occur in the SCF
within the same strata as the faunas. These linked fossil records allow us, for the first time, to compare in
detail animal and plant paleoecology and vegetation structure through the onset of the MMCO in southern
South America. Here we present results from analysis of phytolith assemblage composition (% plant
functional types) documenting vegetation change during the early part of the MMCO, and interpret it in
light of our current climate proxy data. Stable isotope ratios from fossil enamel and bones from the same
strata further allow us to reconstruct local Mean Annual Temperature (MAT) and Mean Annual
Precipitation (MAP) to test for potential climatic drivers of biotic change. Our preliminary results show high
values for forest:open-habitat indicator ratios (indicating dominance of woody vegetation) in most
phytolith assemblages, excepting the oldest assemblage. While there is no clear trend in overall
forest:open-habitat ratio through time, the dominant forest indicators do vary across assemblages — palm
phytoliths decrease through time while other forest indicators increase. This pattern could be explained by
vegetation shifts through time, spatial heterogeneity, or both. Both phytolith and isotopic data indicate
that grass communities consisted mainly of C3 pooid grasses. Interestingly, grass phytoliths display a
considerable decrease in size from older to younger strata, which may reflect the onset of a dryer and
warmer climate. While isotopic data further support this climatic trend, our data suggest that drying did not
result in an expansion of open-habitat grasses.
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The geological record provides a unique archive to apply a multi-proxy approach to document the
long-term fluctuations of environmental variables for palaeoclimatic and palaeoenvironmental
reconstructions. The lower Pleistocene Arda River marine succession (ltaly) represents an excellent site to
perform an integrated investigation, combining sedimentological, palaeoecological (body and trace fossils)
and geochemical tools, to unravel the evolution of a complex marine setting in the frame of early
Pleistocene climate change and tectonic activity.

Here, we pursue 1) facies analyses and a palaeoecological investigation of the rich macrobenthic
and trace fossils, to reconstruct the palaeoenvironments of the Arda succession, and 2) whole- shell and
sclerochemical stable isotope analyses (6*°0, 6"3C) on bivalve shells (Arctica islandica, Glycymeris spp. and
Aequipecten spp.) to scrutinize the palaeoclimatic changes approaching the Early-Middle Pleistocene
Transition and the beginning of precession-driven Quaternary-style glacial—interglacial cycles.

Based upon biosedimentary insights the Arda River succession represents a subaqueous extension
of a fluvial system, originated during phases of advance of fan deltas affected by high-density flows
triggered by river floods, which are an expression of early Pleistocene climate changes. At the top of the
succession clast supported conglomerates indicate a major sea level drop and the establishment of a
continental environment. Sclerochemical analyses undertaken on bivalve shells indicate that seawater
temperature seasonality was the main variable of climate change within the study area during the early
Pleistocene. In particular, strong seasonality (14.4-16.0 °C range) and low winter palaeotemperatures were
assumed to be the main drivers for the widespread establishment of “northern guests” (i.e., cold water
taxa) populations in the Palaeo- Adriatic Sea around 1.80 Ma. This is confirmed also by trace fossils,
recording the presence of the cold-water ichnotaxon Macaronichnus. This study highlights the importance
of multidisciplinary analyses based on the integration of different tools to greatly improve the resolution of
palaeoenvironmental and palaeoclimatic reconstructions, which should be applied to other geological sites
and different time intervals.
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The Ediacaran-Cambrian transition marks possibly the most important geobiological revolution of
the past billion years, including both the Earth’s first biotic crisis of macroscopic eukaryotic life - the
disappearance of the enigmatic 'Ediacara biota’ - and its most spectacular evolutionary radiation - the
"Cambrian Explosion’. Understanding the cause(s) behind this extinction event and its relationship to the
subsequent Cambrian radiation is thus key to understanding the origins of the modern biosphere. Here, we
collate recent research on this interval from a wide range of scientific fields, describe competing models
("catastrophe’ and 'biotic replacement’), and outline several key questions which will help drive research on
this critical interval in Earth History. These include: 1) What do the large perturbations to the Ediacaran
carbon cycle (the Shuram and 'BACE’) represent? 2) For either the 'catastrophe’ and ’biotic replacement’
models, can we identify plausible extinction drivers? And, 3) what role did the end-Ediacaran extinction
play in the Cambrian explosion that followed? Finally, we argue that the biggest step-change in organismal
and ecological complexity arrives at the White-Sea Nama boundary, rather than at the Ediacaran-Cambrian
boundary itself. This would in turn suggest that the latest Ediacaran Nama interval (ca. 548-539 Ma) may
represent the earliest phase of the dramatic metazoan radiation commonly referred to as the ‘Cambrian
Explosion’.
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The end-Ordovician Hirnantian interval coincides with one of the largest mass extinctions in Earth
history, with one of the three largest Phanerozoic glaciations, and with large isotopic excursions (C, S, O, N,
Nd). The Late Ordovician Mass Extinction (LOME) eradicated “85% of marine species and occurred in two
discrete pulses, one at the beginning of the Hirnantian and the other later near the end of the Hirnantian.
The current view is that the rapid expansion of ice sheets resulted in glacioeustatic sea-level fall and
decreased temperatures and caused the first pulse of the LOME while the second pulse of the LOME
occurred as glaciers melted, oceans warmed, and anoxic seawater transgressed onto the shelves. Here, we
argue that some of these remarkable claims arise from the undersampling of incomplete geological
sections that led to apparent temporal correlations within the relatively coarse resolution capability of
early Palaeozoic biochronostratigraphy. We examine two exceptionally thick and complete sedimentary
records spanning the Ordovician-Silurian boundary from two, low and high, palaeolatitude settings
(Anticosti Island in Canada and Anti-Atlas of Morocco respectively). This correlation reveals a Cenozoic-style
scenario including three main Hirnantian glacial-interglacial cycles punctuated by numerous multi-order sea
level changes. In addition, the Anticosti neritic carbonate section permits direct temporal comparisons
among several proxy records including glacio-eustasy, carbon budget changes, and LOME faunal diversity
changes. We envisage a more complex situation than the previous LOME scenario associated with a single,
major glacial event. In our newly proposed scenario, the first pulse of the LOME is tied to an early phase of
melting, not to initial cooling, and the largest §"*C excursion associated with the second pulse of the LOME
occurs during final deglaciation, not at the glacial apex as typically interpreted. We have also tested the end
Ordovician neritic carbonates of Anticosti Island with relatively novel tracers of continental weathering and
oceanic anoxia in order to gain more insight into this dynamic time interval.
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The North American Western Interior Seaway (WIS) was an epicontinental marine system that
connected the southern Tethys Sea to the northern Boreal Sea during the Late Cretaceous (ca. 100 Ma to
ca. 66 Ma). It hosted a varied invertebrate and vertebrate fauna including ammonites, baculites,
inoceramids, sharks and large marine reptiles (e.g., plesiosaurs and mosasaurs). The amount of seawater
input from the Tethys Sea and Boreal Sea and the amount of freshwater input from runoff, precipitation,
and aquifers into the WIS complicate the WIS’s oxygen isotopic composition (6'°0) of seawater and thus
reconstructed temperatures. In this study, we measure Campanian (ca. 83 Ma to ca. 72 Ma) and
Maastrichtian (ca. 72 Ma to ca. 66 Ma) well preserved calcitic and aragonitic deep water marine bivalves
from the WIS across numerous genera (i.e. Inoceramus, Mactra, Cucullaea, Ostrea and Lucina) and that
span a wide geographic range across the western United States. The deep water marine bivalves’ bulk 6180
values can be used as a paleoclimate indicator and to assess how much diagenesis has altered the original
oxygen isotope composition. Whereas marine bivalves §"°0 values range from +0.19 to -13.62, the majority
of 60 values group between -1 to -4 (vs. PDB). Higher values most likely represent unaltered oxygen
isotope compositions, as this study’s calculated paleotemperatures are in agreement with other proxies of
the Campanian and Maastrichtian climate. Lower values are most likely diagenetically altered. Interestingly,
the measured 6™0 values do not show a latitudinal temperature gradient, however, we cannot rule out this
gradient because the oxygen isotope values of the seawater could be lower at higher latitudes as predicted
by models. In addition, we measured well preserved inoceramids across growth axis to determine if annual
cycles are preserved. Our results revealed cyclicity similar to annual patterns measured in modern samples.
Surprisingly, one inoceramid specimen with very low 620 values (-12 to -13) that strongly suggest digenetic
alteration still preserves observable cyclicity. Our data suggest that conservative diagenesis may preserve
seasonal cycles and shift original 6180 values lower instead of completely resetting the oxygen isotope
composition.
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The vast Phanerozoic fossil record of marine calcifiers allows for quantitative assessment of
environmental influences on past life. Calcifying organisms build their skeletons from calcite and/or
aragonite, and the metabolic cost of shell secretion is influenced by the interplay of mineralogy and
environment. Mg:Ca ratio and temperature control whether abiotic calcium carbonate is precipitated as
calcite or aragonite, and variations in those conditions are likely to have affected calcifying organisms
throughout Earth history. Here, we combine a model of seawater Mg:Ca ratio with 60 temperature
reconstructions to quantify calcite-aragonite sea conditions from the Ordovician — Pleistocene. We
correlate calcite-aragonite sea conditions with the ecological success of aragonitic taxa at stage resolution,
calculated as Summed Common species Occurrence Rate (SCOR) based on genus-level occurrences from
the Paleobiology Database. Calcite-aragonite sea conditions significantly co-vary with the ecological success
of aragonitic taxa in the Palaeozoic, but correlation ceases in the Mesozoic. We attribute this to the
consequences of the end-Permian mass extinction: The prevalence of physiologically buffered taxa rose
sharply across the Permian-Triassic boundary. Mobile, predatory and metabolically active taxa increased in
importance after the end-Permian extinction and during the Mesozoic. This transition marked the end of a
dominantly environmental control on ecological success in the marine realm.
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Oxygenic photosynthesis by cyanobacteria in thrombolite and stromatolite habitats is becoming
increasingly recognized as an important oxygenated refuge for invertebrates throughout the Phanerozoic.
The discovery of oxygen-dependent invertebrates in microbial habitats from the aftermath of the latest
Permian mass extinction, has led to the proposal that these microbial habitats provided an oxygenated
refuge in otherwise anoxic settings. Here we investigated the distribution of ca. 35,000 benthic individuals
found in ca. 100 samples from a post-extinction microbialite succession on the ‘Great Bank of Guizhou’
(South China) representing thrombolite, stromatolite, and non-microbial facies. The investigated habitats
are all interpreted to have been deposited above storm weather wave base. The recorded benthic
community from the microbialite succession is the most species-rich currently known from the Early
Triassic, and does not record a temporal dynamic due to persistent environmental stress inferred from the
palaeontological and geochemical records. The stromatolites were, however, the least diverse, and
thrombolites also recorded significantly lower diversities when compared to the non-microbial facies. We
also found that bioclasts within the thrombolites and stromatolites were transported and concentrated in
the non-microbial fabrics, i.e., cavities around the microbial framework. Therefore, many of the identified
metazoans from the post-extinction microbialites are not observed to have been living within a microbial
mat. Furthermore, the lifestyle of many of the taxa identified from the microbialites is not suited for, or
even amenable to life, within a benthic microbial mat. The high diversity of oxygen dependent metazoans
in the non-microbial facies on the ‘Great Bank of Guizhou’, and inferences from geochemical records,
suggests that the microbialites and benthic communities developed in oxygenated environments, and
negates the role of microbialites as an oxygenated refuge.
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The phylogenetic affinities of fossils of the Ediacara biota have long been debated. In 1957, the
discovery of small-sized taxa of Ediacara fossils in South Australia, like Spriggina, Parvancorina and
Tribrachidium, led to broad acceptance of the significance of this biota. However, the existence of
Ediacaran bilaterians is still debated. Specialists that dismiss the Ediacara biota as a “failed experiment” in
the history of life, leave un-answered the origins of the trace fossil taxa that are used worldwide to define
the base of the Cambrian.

The recent discovery and attention given to new, small-sized taxa, in the late Ediacaran strata of
South Australia, as well as emphasis on Ediacaran trace fossils, including both trackways and feeding traces,
confirms that the Ediacara biota includes stem-group bilaterians.

A record of organic-walled microfossils of increasing complexity and size, in south China and central
Australia, characterizes the early part of the Ediacaran Period. By the late Ediacaran, the Mistaken Point
assemblage of large, benthic marine organisms, exhibiting self-similar growth, had populated the deep
seafloors of Newfoundland and England. The younger White Sea and Nama assemblages of South Australia,
Russia, Namibia, South China and NW Canada, record the advent of more diverse benthic communities of
soft bodied organisms, together with some of their feeding and locomotive traces, in shallower seas. The
Ediacaran ended with the first evidence of mineralized tubes and frameworks in carbonate sediment, along
with clear traces of scavenging and mat-mining by almost overlooked, small-scale metameric organisms in
the Ediacara biota preserved in fine-grained siliciclastic sediment.

The origins of bioturbation, for purposes of scavenging in the late Ediacaran, saw an escalation in
the Early Cambrian, both in intensity and scale, reflecting the onset of the Cambrian explosion. Arguably,
tiny unmineralized Ediacarans gave rise to larger, appendage bearing, benthic bilaterian animals recorded
by sharp sets of bilobed furrows and biramous appendage traces, such as Didymaulichnus and Rusophycus
in the earliest Cambrian siliciclastic sediments in the Uratanna and Mt Terrible formations of South
Australia, the Chapel Island Formation of eastern Newfoundland, and the Ingta and Backbone Range
formations of NW Canada. These trace fossils are the first evidence of the evolution of cuticular
integuments that heralded the mineralized body-fossil record by the end of the Fortunian Stage of the Early
Cambrian, and the effective loss of laminated sandy mat grounds.
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Integrated paleontological analysis aimed to the
characterization of a shallow-water platform system
(Alicante province, Southern Spain)

Alice Giannetti *!, Hugo Corbit *, Santiago Falces-Delgado *, Jose Baeza-Carratald *
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Tortonian and Thyrrenian deposits were studied in the Cabo de la Huerta section (Alicante
Province, Southern Spain), which for its exposure is an area where numerous didactic and outreach
geological activities are developed. Taphonomic, taxonomic and ichnological analyses were carried out to
establish the paleoenvironmental setting were these materials deposited. Tortonian deposits are
characterized by interbedded coarse- and fine-grained calcarenites. In the fine grained calcarenites,
bioclasts are represented by well preserved irregular echinoids, pectinid bivalves and scarce terebratulid
brachiopods. The coarse-grained calcarenites show intense bioturbation by Ophiomorpha nodosa; as for
bioclasts, gastropods, bivalves and red algae are common and intensively fragmented. These beds were
interpreted as deposited by storm events in an open marine platform, which background sedimentation is
represented by the fine-grained calcarenites. Thyrrenian material overlies the Tortonian unit after an
angular unconformity. In the Thyrrenian unit, four levels were recognized, organized in a regressive
sequence. The first level shows cross lamination and tiny fragmented bioclasts, in some occasions oriented
on the laminae. Red algae, corals, bryozoans, vermetids, bivalves and gastropods are present, some of
them belonging to the so called “Senegalese Fauna”, indicative of warm/subtropical climate. In level 2,
fossil content is the same as in level 1 but with a completely different kind of preservation. Bioclasts are
only coarsely fragmented, some of them are unbroken although never preserved in life position. Very
differently preserved bioclasts from the same taxa are present in this level, from perfectly preserved in
shape and ornamentation to bioeroded, fractured and completely abraded, this pointing out mixing of
shells with very different residence time on the substrate. Levels 1 and 2 have been considered as
deposited in a beach environment, level 1 during normal conditions, while level 2 during major storms
mixing the shells (possibly also of living animals) present in and on the substrate. Large fragments of
vermetid reefs are also present in level 2, destroyed and transported landward by the intense waves. The
section is capped by lutitic interval, where only continental gastropods were recorded, and convex-shaped,
cross-bedded rhizolith-rich sandy bodies, representing a freshwater/brackish lagoon and the migration of
the dunes of the backshore, respectively.
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Disappearance of orbitolinids in upper Cretaceous
shallow marine successions of southeast France:
relationships with the Mid Cenomanian Event 1?
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The “Mid Cenomanian Event 1” (MCE 1) is a major perturbation of the carbon cycle, characterized
by two 8"°C positive peaks: 1a and 1b. It was recognized in the Vocontian Basin (Blieux section). There, the
onset of MCE 1 has been associated with major relative sea-level fall, arid climatic and oligotrophic
conditions. In order to give further support to these environmental and climatic interpretations, three
shallow-marine sections (Caussols, Col des Abbesses, and Le Bourguet) were studied; they are located on
the northern part of the Durancian Isthmus. Field, facies, carbon isotope, and clay mineral assemblage
analyses, ammonite and calcareous nannofossil biostratigraphy, sequence stratigraphy, and correlation of
these mixed carbonate- siliciclastic sections were performed. The MCE 1 was identified in both Caussols
and Col des Abbesses sections. Le Bourguet which is the most siliciclastic studied section, is not suitable for
stable isotope analyses. All these sections are characterized by the presence of orbitolinids, but their
stratigraphic distribution is constrained. The preliminary correlation of these sections shows that
orbitolinids occurrence and disappearance are not related to a specific sedimentary facies. However, their
first occurrence in Caussols and Le Bourguet sections is associated with a change in clay mineral
assemblages. In the Col des Abbesses section, orbitolinids occur in the lower part where clay mineral
assemblages have not yet been analyzed. Their disappearance occurs in all the studied sections around the
Early-late Cenomanian Boundary, which coincides with the MCE 1 onset and there again with a change in
clay mineral assemblages. In the Aquitaine Basin (southwest France), orbitolinids also disappear around the
Early-late Cenomanian Boundary. Does the orbitolinid disappearance result from particular environmental
conditions? Are these conditions related to the relative sea level and/or climate changes corresponding to
the MCE 1 onset? High-resolution sequence stratigraphy and clay mineral assemblage analyses are in
progress in view to specify these conditions.
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Effects of the Late Paleozoic climate transition on
soil ecosystems of the Appalachian Basin: evidence
from ichnofossils

Daniel Hembree *
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The Late Paleozoic transition is a critical interval in Earth history in terms of tectonics, climate, and
life. The Upper Pennsylvanian to Lower Permian Monongahela and Dunkard groups of the western
Appalachian Basin (U.S.A.) contain abundant paleosols possessing varying suites of ichnofossils. Through
comparison to modern analogs, these ichnofossils serve as indicators of soil moisture, soil organic content,
water table level, precipitation, evapotranspiration, and landscape stability. As a result, ichnofossils of soil
organisms are excellent indicators of fluctuations in biological activity in response to changes in
environment and climate through time. Analysis of ichnofossil assemblages in these paleosols can,
therefore, be used to refine the details of the changing Late Paleozoic terrestrial landscapes.

A study along a 50 km long, north-south transect of multiple 30-50 m high sections of the
Monongahela and Dunkard groups through southeast Ohio and West Virginia resulted in the recognition of
12 pedotypes with distinct ichnocoenoses. Ichnofossils included rhizoliths, Planolites, Palaeophychus,
Taenidium, Camborygma, Skolithos, Thalassinoides, Psilonichnus, plant-feeding traces, and coprolites
produced by various plants, larval and adult arthropods, and vertebrates. Soil-forming environments
included palustrine, levee, proximal to distal floodplain, interfluve, backswamp, marsh, and fen settings. In
general, ichnocoenoses were less diverse and comprised of shallow and simple ichnofossils in poorly
drained Entisols and Inceptisols of the lower part of the studied sections. Ichnocoenoses became more
diverse and comprised of deeper and more complex ichnofossils in well-drained Vertisols in the middle
portion of the section. Near the top of the studied section, diversity and abundance of traces decreased
again, but maintained their depth in calcareous Vertisols. The ichnocoenoses indicate an upward decrease
in precipitation and an increase in seasonality. In addition to this trend through time, however, the nature
of the ichnocoenoses varied within each interval recording short-term oscillations in soil properties and
precipitation.

Terrestrial ichnocoenoses serve as an important archive of environmental data not otherwise
preserved in the sedimentary record. Analysis of these suites of ichnofossils is critical to evaluating climatic
conditions in deep time and their effects on soil ecosystems.

’ Speaker

203



S9 // Oral

Decaying process of marine vertebrates: how are
the whale- and sea turtle-fall communities
established?

Robert Jenkins *t*, Midori Suzuki !, So Watanabe *
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Decaying whale carcass on the seafloor creates a unique biological community, the so called whale-
fall community, similar to communities around vents and seeps in the deep-sea. Studies on bathymodiolin
bivalves and siboglinid polychaetes living in such places suggested progressive adaptation of those
organisms to seep and vent environments through the decaying vertebrate- falls. In this point of view, the
marine reptile-falls would be more important than whales because of thier longer fossil record; however,
the decaying process of marine reptiles have not been investigated in detail. In addition, a vertebrate-fall-
dependent biological community is sustained for multiple years even after removal of soft tissue. At that
stage, organic matter within the bones would be an energy source, but it is still unknown how the organic
matter in the bone is used. We deployed several sea turtle carcasses and pieces of whale bones on a
shallow sea floor (11 to 14m in depth) in Tsukumo Bay, Noto Peninsula, Japan, to reveal decaying processes
of sea turtle-fall and transportation process of organic matter from inside of the bones to the outside. The
carcasses were observed by scuba, and some bones were recovered and maintained in aquarium to
observe in detail. Beggiatoa microbial mats, Zoomthamnium sp. which has chemosymbiotic bacteria, and
dorvilleid polychaetes in/on the bones appeared before ca. 30 days after deployment of the both sea turtle
and whale carcasses. It is noteworthy that the sea turtle-fall sustained a chemosynthetic community similar
to whale-falls. Observations of recovered bones in aquarium revealed accumulation of fecal excretions
around the whale bones and ejection of the fecal excretions from the bones. There were many
polychaeates and copepods in the bones and those animals ejected the feces from the bones. Higher total
organic content of sediments with shorter distance from the bone were observed, and the growing
microbial mat on the sediment accumulated from feces indicate that the transportation of organic matter
from inside to outside of the bones by polycheates and copepods are an important factor to establish and
sustain the vertebrate-fall dependent biological community.
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Late Quaternary relative sea-level changes and
evolution of the Lacepede Shelf, southern Australia
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The River Murray of the Murray-Darling Basin is the largest river system in Australia to reach the
sea (1,060,000 km2) where it debouches on the Lacepede Shelf, in SE South Australia. The Lacepede is a
wide (180 km), shallow (=150 m), tectonically stable shelf, part of the largest modern temperate cool-
water carbonate depositional province in the modern world. During the Quaternary, the dominant
geomorphological changes within the region have directly resulted from transgressive/regressive events
with minimal isostatic effects in this far-field environment. At times of lower sea-level in the Middle and
Late Pleistocene (> 120 m BPSL, Penultimate and Last Glacial Maxima; ca. 130 ka and ca. 20 ka,
respectively) much of the shelf was subaerially exposed, allawing the former River to extend “200 km
farther south relative to the modern coastline. The Lacepede Shelf provides an excellent record of the
history of the River Murray during the last glacial cycle as well as the history of sea-level changes and the
evolution of the former shorelines. Preliminary results based on taxonomy, taphonomy and dating (14C-
AMS and AAR) of foraminifers, as well as sedimentological and geocheminal data from three cores located
within the palaeo-channels of the ancient river system, show sea-level at 40-50 m BPSL during the
Pleistocene-Holocene transition (712 ka) and 55-60 m BPSL at “45 ka. In environmental term;, the river
mouth represented an estuarine-lagoonal environment during colder/drier conditions in which the river
flow was minor (end of MIS 3 and MIS 2). This is shown by an assemblage dominated by A. beccarii -E.
excavatum, a predominance of Ammonia over Elphidium and taphonomical signals of oxidation with
reduced sedimentation. During the transition to milder conditions and the beginning of the sea-level rise
(end of MIS 2), the estuarine/lagoon system prevailed under relatively saltier conditions, dominated by an
assemblage of A. beccarii -E. advenum, with higher abundances of Elphidium over Ammonia. Finally,
following the marine transgression after the LGM, conditions became more open marine in character,
showing coarser grain, higher carbonates and quartz levels, higher abundance, richness and diversity of
foraminifers, with B. translucens, C. refulgens, E. excavatum, R. globularis, T. oblonga, Q. incisa becoming
the dominant taxa. During the LGM, the ancient River Murray was restricted to a narrow palaeo-channel,
transporting minimal terrigenous sediment to the shelf edge.
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Biotic interactions and food chain/web
reconstruction of a community from Cretaceous
Interior Seaway (CIS), Manitoba, Canada: local and
beyond

Rongyu Li *

Brandon University — Canada

The Upper Cretaceous Millwood Member (Campanian) is well exposed in Russell area of SW
Manitoba. Bulk sampling along a fossiliferous horizon near the middle part of the member revealed a
diverse time-averaged community dominated by mollusks. Over 900 macrofossil specimens are assigned to:
Scaphopoda: Dentalium gracile; Gastropoda: Euspira obliquata;, Anomalofusus sp.; Graphidula culbertson;
Graphidula cretacea?; ?Mesalia sp.; Oligoptycha concinna?; fasciolariid gen. et sp. indet.; Pelecypoda:
Astarte sp.; ?Inoceramus sp.; Cephalopoda: Baculites scotti, Hoploscaphites sp.; and Decapoda (a crab):
Cretacocarcinus smithi. Previous study recovered Foraminifera (e.g.: Bathysiphon, Ammodiscus,
Glomosspira, Haplophragmoides) from similar horizon at a nearby site, it is feasible to include these
microorganisms in the community. Trace fossils help uncover some other components. Abundant
bioerosion traces on Dentalium, Euspira, and Astarte are assigned to Maeandropolydora sulcans, whose
maker is generally believed to be spinoid polychaetes. They are the unpreserved elements of the
community. Well preserved and commonly presented predatory drilling traces Oichnus paraboloides on
Dentalium, ?Mesalia, Euspira, Astarte, and fasciolariid gen. et sp. indet. are interpreted to be made by
Euspira, the only naticid gastropod in the community. Crushing/peeling predation traces and repaired scars
on Dentalium, Euspira, Graphidula are interpreted to be caused by Cretacocarcinus. On the basis of these
biotic interactions within the benthic community and the feeding habit of living Dentalium, reconstruction
of the local food chain/web is attempted: Foraminifera > Dentalium > Euspira > Cretacocarcinus;
Foraminifera > Dentalium > Cretacocarcinus; ?Mesalia, Euspira, Astarte, and fasciolariid gen. et sp. indet. >
Euspira > Cretacocarcinus. A diverse Campanian vertebrate fauna has been reported in CIS, including fish,
mosasaurs, plesiosaurs, sharks etc. Based on previous studies on the food remains in the body chambers of
ammonites, durophagous predation on scaphitids, tooth marks on an ammonite, gut contents of mosasaur
and plesiosaur specimens, the food chain above Cretacocarcinus in the CIS is proposed as: Cretacocarcinus
> Hoploscaphites/Baculites > Fish (e.g.: Enchodus) > Plesiosaur (e.g.: Polycotylus) / Mosasaur (e.g.:
Tylosaurus)/Shark. The extended food chain and complex food web may represent a mature and stable
marine ecosystem of CIS during Campanian.
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Belowground rhizomes and roots in waterlogged
paleosols from the Middle Jurassic of Beijing, China
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Plant rhizomes and roots have existed in terrestrial ecosystems since at least the Devonian, but the
documentation of belowground plant tissues is sparse in the fossil record. In this study, fossils representing
belowground rhizomes and roots are described from the top of the Upper Yaopo Formation (Middle
Jurassic), at the Yuejiapo section, Mentougou District, Beijing, China. Morphological studies of the plant
fossils, together with lithofacies analyses, provide new information on plant-soil interactions during the
Jurassic period. Three types of rooting systems are recognized from two fossiliferous beds. The Bed-1 Flora
is interpreted as representing a Cladophlebis -dominated community, where abundant foliage remains
mainly of Cladophlebis cf. C. scariosa and Cladophlebis delicatula are associated with Type-A rooting
system. The Bed-2 Flora includes Type-B and Type-C rooting systems, although the floristic composition is
unknown due to the absence of identifiable foliage specimens. The Type-A and Type-B rooting systems
consist of abundant in situ vertical rhizomes, fine shoot-borne roots and lateral roots, and are consistent
with those of some extant ferns. The Type-C rooting system shows a thick central taproot and at least three
orders of lateral roots, an architecture typical of diverse (pro)gymnosperms, from the Late Devonian to the
Recent. The in situ rooting systems, as well as sedimentary evidence, contribute to the recognition of
stacked, reworked Entisols in a dynamic waterlogged environment.
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Oldest petee ridges, produced by desiccated
microbial mats, in c. 3 Ga peritidal Pongola
quartzites, South Africa
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University of the Witwatersrand, P. Bag 3, WITS 2050, Johannesburg, South Africa

Southern Africa has the most continuous record of relatively little deformed and weakly
metamorphosed Palaeoarchaean to Palaeoproterozoic supracrustal rocks. These rocks also host the best
preserved record of early life spanning the time period from c. 3.5 to 2.0 Ga. The fossil record consists of
microbial body fossils, trace fossils in the form of microborings; stromatolites, oolites, oncoids and
microbial mats in carbonate rocks; silica-iron oxide oncolites; and microbially-induced sedimentary
structures in siliciclastic rocks. In the Chobeni Fm, Nsuze Gp, the basal part of the c. 2.98-2.95 Ga Pongola
Supergroup, quartzites and carbonate rocks, with well developed columnar stromatolites, microbial mats,
and oolites, are interbedded with mafic volcanic rocks. The carbonates were deposited in shallow water
intertidal to subtidal settings, while the interbedded planar crossbedded quartzites were deposited in
subtidal sand dunes. They grade upwards into rippled tidal sandstones, and often contain silicified rip-up
clasts of carbonate microbial mats. In the quartzite overlying the Main Carbonate, there is a trough
crossbedded facies, possibly formed in a fluvial, or flood tidal, channel. A bedding plane of the quartzite is
covered with a polygonal network of what appear to be suncracks in mudstone. However, the cracks
appear in relief, standing 1-2 mm high, in quartzite, with no mudstone present at all. The cracked surface
occupies an area of 20 cm by 40 cm. The cracks are hierarchical, and form three orders, with decreasing
thickness. The primary cracks are c. 2-3 mm wide and c. 15 mm long; the secondary cracks are c. 1.5-2 mm
wide and c. 10 mm long, and the rare tertiary cracks are c. 1 mm wide and c. 8 mm long. The cracks are
mainly straight-edged, but some cracks are slightly to highly curved. These cracks are interpreted as petee
ridges, formed when a coherent microbial mat formed on the quartz-rich sandstone surface, had become
subaerially exposed and desiccated, perhaps during an extended period of exposure such as during a neap
tide. The desiccated microbial mat then was buried under more sand during a renewed period of
sedimentation. The microbial mat decayed, and only the sandy infillings of the desiccation cracks survived.
More prominently developed petee ridges occur in the c. 2.1 Ga Magaliesberg Quartzite Fm of the Pretoria
Gp, but this occurrence in the c. 3 Ga Chobeni Fm is the oldest example of petee ridges reported from
anywhere on earth.
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Polar wildfires and fire-adapted seed dispersal
during the Cretaceous global hothouse
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Several highly effective fire-adaptive traits first evolved among modern plants during the mid-
Cretaceous, in response to the widespread wildfires promoted by anomalously high atmospheric oxygen
(02) and extreme temperatures. Serotiny, or long-term canopy seed storage, is a fire- adaptive strategy
common among plants living in fire-prone areas today, but evidence of this strategy has been lacking from
the fossil record. Deposits of abundant fossil charcoal from sedimentary successions of the Chatham
Islands, New Zealand, record wildfires in the south polar regions (75°—80°S) during the mid-Cretaceous (ca
99-90 Ma). A new species of fossil conifer reproductive structure, Protodammara reimatamoriori, was
consistently associated with these charcoal-rich deposits. Neutron tomography revealed the morphology
and internal anatomy of these fossils, which exhibit a range of serotiny-associated characters. Fourier-
transform infrared spectroscopy has chemotaxonomically constrained the phylogenetic placement of these
fossils, demonstrating that fire adaptations evolved independently in at least two conifer families during
the mid-Cretaceous. Numerous fossils from similar, contemporaneous deposits of the Northern
Hemisphere suggest that serotiny was a key adaptive strategy during the high-fire world of the Cretaceous.
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Possible characteristics of the Cambrian SPICE event
on the North China Platform
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The Steptoean Positive Carbon Isotope Excursion (SPICE) event is a well-known geochemical
excursion episode in geologic history with many reports from around the world. Nevertheless, the North
China paleocontinent (Sino-Korean Craton) was a little left out from the very beginning, probably due to the
scarcity of deeper marine deposits and the lack of biozonal defining agnostids.

In the last decade or so, several works on the North China SPICE event had helped to bridge this
gap, and the results had been rather fruitful. To date, at least seven sections were published with the SPICE
signal on the North China Platform — five from northern China and two from South Korea; all shallow
marine setting, except one deep marine setting from the latter. Lately, we had added another new SPICE
record from Liaoning Province, northern China. It provides the highest resolution stable carbon isotope
data (average sampling interval “0.2 m, n=119) ever reported from this shallow marine carbonate platform.

The SPICE curves on the North China Platform seem to have reduced peak §C and difference
values (A™C). Some of the previous studies perhaps failed to sample the higher peak value as their sampling
intervals are rather widely separated. However, the peak 6C values of the North China SPICE curves are
consistently lower than the global average. The maximum values are slightly more than +4 in North China,
while the global average is about +5 to +6 . For A™C, the North China numbers are between 1.7 to 3.8,
compared to the global 4 . This may not be easily explained by the difference between shallow and deep
marine setting, as all the latest SPICE data indicate that the peak and difference values are reduced on the
Sino-Korean Craton, including the deep-water South Korea section. This may actually imply certain
paleoenvironmental uniqueness of the North China Platform, and its relationships to the trilobite mass
extinction events do require further investigation.
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The pioneering role of Precambrian bioturbators
preceding the Cambrian fauna: a sedimentological
and paleontological case study from the western
United States
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Subsurface bioturbation during the late Precambrian (555-542Ma) expanded and restructured
available niche space, pushing the existing marine fauna to adapt and evolve. The late Ediacaran infaunal
ecosystem expansion led to major changes in the sedimentology and structure of the substrate and drove
the marine realm towards the Cambrian Explosion. The lower Member of the Wood Canyon Formation of
the western United States preserves traces left by vermiform (worm-like) animals within two largely
complete sections (and an additional stratigraphically reduced section) that span the Precambrian-
Cambrian boundary. From these deposits, we present a hypothesized trajectory of changes in density and
diversity of bioturbation leading up to and across the boundary. These trends will be used in conjunction
with temporally congruent body fossil assemblages from the Dengying Formation of South China and the
Deep Spring Formation of the western United States. Body fossil data from China indicates a potential shift
in the vermiform populations, from rigid upright-growing individuals to one dominated by flat-lying flexible
individuals. This shift is followed closely by the evolution of macrobiomineralization and reef-building
behaviors often associated with the onset of the Cambrian Explosion. Through correlation of late
Precambrian body fossil assemblages and the trace fossils of the Wood Canyon Formation, we can deduce
the increasing influence of burrowing density on the substrate dwelling communities. We can also infer the
degree to which changes in burrowing behaviors drove the early Cambrian marine fauna to diversify and
take on life modes that reflected the changing substrate conditions.
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The ichnological record in Iceland — unusual finds in
unexpected landscape
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Iceland represents the classical example of an area fully formed by volcanic activity. Its geological
history goes back to the Lower Palaeogene, when the northern part of the Mid-Atlantic Ridge activated in
an area of hotspot expression. North American and Eurasian Plate divergence started consequently. The
primarily undersea volcanism continuously verged into surface extrusion, whereas four main periods of
volcanic activity, creating volcano-stratigraphic units 16 Ma—Recent, can be defined.

The geological structure of Iceland is created mainly by volcanic rocks or materials of volcaniclastic
origin. Sediments are not abundant here; however, they are represented by varied range of lithotypes in
relation to the character of its palaeoenvironment. Clays, siltstones and conglomerates were originated
mostly in an area of lagoons, lakes, river basins and deltas. Shales, mudstones and siltstones of lacustrine
origin are less abundant. As far as marshy areas are concerned, mudstones with high amount of organic
compound, sporadically with thin lignite beds, were formed. Diatomites were originated in shallow lakes.

The sediments, mostly those that are associated to marine environment, often contain abundant
macrofossil records. There were many scientific works dedicated to marine fauna assemblages, especially
Bivalvia, Gastropoda, Scaphopoda, Cirripedia, Annelida etc. The freshwater and terrestrial animals are
much rarer.

In the sedimentary formations in Iceland, it is possible to observe much evidence of ecologic
relationships within former palaeo-assemblages based on the trace fossils. The fossil record of animal
activities have not been yet studied here; however their information potential is very large. At this
moment, we identified varied bioerosion signs of Weichselian age, which remained after mechanic
damages on shells, caused by the activity of predators; or after mechanic attachment of epibiotic organisms
(e.g. Anellusichnus, Caulostrepsis, Centrichnus, Clionolithes, Finichnus and Oichnus), a lot of traces after
locomotion on the surface or inside sediment, resting traces and escape traces were also found here
(Miocene-Pleistocene). The interesting aspect is that the marine ichnoassemblages have worldwide
geographic range (e.g. Arenicolites, Helminthopis, Lockeia, Planolites, Rosselia and Teichichnus); in
constrast, the lacustrine trace fossils are mostly endemic (Helminthoidichnites, Mammillichnis, Thorichnus
igen. nov. and Vatnaspor igen. nov.).
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Trace fossil infill: a tool to interpret bottom-current
deposits
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In the last years, infilling of trace fossils has been revealed as a very useful tool to evidence lost
sedimentary record. The sedimentary record is preserved exclusively in the burrow infill; the fill was
emplaced deep within the sediment avoiding mixing by bioturbation or later erosion. In the middle Lefkara
Formation at Petra Tou Romiou section, Cyprus, the Chalk Unit shows regular alternance of calcilutites and
thin calcarenite beds. Most of the fine-grained calcarenite beds are associated to calcilutites in
biogradational sequences. Nevetheless, coarser and other fine-grained calcarenite beds show clear normal
grading changing upward to parallel and wave laminations. Some of these coarser-grained beds are very
continuous but other display lateral changes in thickness, and even disappearance and the exclusive record
of a suttle pressure dissolution seam. Calcilutites are best interpreted as pelagic sediment, while coarser-
grained calcarenite beds with normal grading correspond with distal turbidites and fine-grained with
biogradational sequences are associated to bioclastic sandy bottom-current deposits. For a correct
interpretation of the involved processes, a detailed analysis of the transition between types of facies is
essential, with attention to the registered trace fossils.

We have been focused on calcilutites and its transition with coarser-grained calcarenite beds.
Ichnological analysis allows the differentiation between two trace fossil assemblages, located in the
calcilutites, according to the infilling material: a) light trace fossils with calcilutite infilling similar to the host
sediment, and b) conspicuous dark trace fossils with calcarenite infilling similar to the calcarenite beds. A
variable relationship between calcarenite beds and conspicuous dark traces is observed, from two
extremes, as conspicuous trace fossils coming down from a well-preserved calcarenite bed, to absence of
conspicuous trace fossils but only presence of a pressure dissolution seam into the calcilutite interval.
Detailed analysis of this variability allows interpret progressive grades of erosion affecting the turbidite
calcarenite beds, including its total remobilization and the record of the "missing” sediments as the infilling
of the trace fossils. Ichnological anaysis reveals as a proxy for a correct interpretation of the deep-water
sedimentary processes and the influence of the reworking and erosion on turbidites.
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biodiversification: links to producer stoichiometry
and the leaf economics spectrum
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The broad patterns of marine and terrestrial faunal and floral biodiversity parallel one another,
especially through the Meso-Cenozoic. This suggests a common factor underlying the diversification of the
biosphere in general: the stoichiometry of food. The succession of increasingly phosphorus-rich major
phytoplankton taxa through the Phanerozoic has been previously implicated in the diversification of the
marine biosphere. Phosphorus is critical for cellular nucleic acid and cell membrane synthesis, energy
storage and transfer, and bone construction. According to the theory of ecological stoichiometry,
stoichiometrically-imbalanced food exhibits high carbon-to-phosphorus (C:P) ratios and consumers must
therefore initially expend more energy upfront to respire carbon and obtain inorganic nutrients like
phosphorus, whereas stoichiometrically-balanced food is characterized by much lowered C:P ratios.
Increasing food quality (low C:P ratios) would leave more energy for biosphere “energetics” of metabolism,
reproduction, and presumably micro- and macro-evolution that require increasing amounts of nutrient-rich
food. Nutrients are originally derived from land via orogeny and volcanism.

The diversification of terrestrial floras parallels the successive dominance of vertebrate faunas.
According to the leaf economics spectrum, certain plant traits are considered to be broadly universal and
applicable to macroevolutionary timescales. Angiosperms tend to lie toward the “fast-return” end of the
spectrum of rapid resource acquisition, short leaf lifespans, low leaf dry mass per area, and high
concentrations of phosphorus whereas gymnosperms tend to lie at the opposite “slow-return” end. The
dramatic increase of vertebrate diversity during the Cenozoic, as exemplified by fish, would therefore seem
related to the spread of angiosperms and the availability of phosphorus for bone construction. The parallel
evolution of diatoms and angiosperms and the explosive evolution of the Acanthomorpha (especially the
Percomorpha) though the Cenozoic suggests a linkage between continents and oceans, possibly via
enhanced decay of angiosperm leaf litter and the uptake of phosphorus by diatoms. The “chondrostean”
and ”holostean” radiations of fish are similarly paralleled by dominance of pteridophytes (Devonian to
Triassic) and gymnosperms (Triassic into Cretaceous), respectively. These inferences are assessed against
recent biogeochemical models.
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Integrative study of the Angeac-Charente bonebed
(Berriasian, Lower Cretaceous, Charente, France):
vertebrate paleoecology and paleobehaviour
implications
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Opportunity to study ecology and behavior of extinct vertebrates within their past ecosystem is
exceedingly rare. Moreover, Lower Cretaceous terrestrial ecosystems of Europe are poorly known. The
Berriasian (Lower Cretaceous) French paleontological site of Angeac-Charente, have fossilized a rich
Mesozoic terrestrial swampy ecosystem. From 2010, 8 excavation campaigns have yielded a high diversity,
richness and quality of fossils usually not found associated in a single chronostratigraphic unit. They include
7100 identified isolated vertebrate macroremains wearing abundant biological and mechanical marks,
64000 unidentified bone fragments, numerous identified vertebrate microremains, 130 natural casts of
dinosaur tracks, 3320 vertebrate coprolites containing many plant and vertebrate inclusions, 140 Mollusca
casts and numerous plant remains. Here we present our in progress results of an integrative multiproxy
study based on taphonomy, sedimentology and ichnology of the Angeac vertebrate macroremains.

About 120 natural casts of true dinosaur tracks of various sizes have been found in a single bedding
plane and could be associated, suggesting a social behavior for a same dinosaur trackmaker, interpreted as
stegosaur. Few sauropod tracks of 1 meter diameter have been also identified, including one showing
grooves created by the dinosaur skin scales of the moving foot in mud. Such dinoturbation explains most of
sediments and bone modifications, as displacements, in-situ breakage and trample marks. The bonebed is
mixed, multitaxic, monodominant and present a high taxonomic vertebrate diversity (39 taxa).
Ornithomimosaur remains dominate the bonebed and belongs to at least 43 individuals, present a
”catastrophic” age profile, are localized, not sorted and unabraded, indicating a mass mortality occurrence
of a juvenile-dominated multiyear group. A complete turtle shell and most of 730 isolated plates, previously
identified as Pleurosternon bullockii turtle remains, show bite marks. The in-situ position of the complete
shell and the presence of hook marks, bisected pits and pits on the edges of the shell indicate the use of the
"nutcracker” technique by a crocodiliform, Goniopholididae.

These taphonomical, paleoecological, paleobehavioural and paleoenvironmental informations
indicate that Angeac site was the environment of life for the vertebrates and provide a unique opportunity
to reach the landscape of a Lower Cretaceous European Ecosystem.
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The structure of rodent and lagomorph communities
across the Cenozoic of North America: the
importance of regional topography and climatic
differences
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Several recent studies have demonstrated dramatic changes in North American rodent and
lagomorph communities through the Cenozoic, with open-habitat specialists becoming common as open
and arid habitats spread. Increased crown heights and burrowing, jumping, and cursorial adaptations
appeared in rodents and lagomorphs millions of years before parallel changes in ungulate communities. To
date, studies have primarily focused on continental scale analyses, but summation of geographically
widespread faunas obscures how changes occurred in individual communities. Thus, comparison of
regional and local scale changes are key to understanding how individual communities have changed, which
is expected to be strongly influenced by topography and local climate conditions. Here we use a database
of all fossil rodents and lagomorphs in North America to compare small mammal communities through time
from eight distinct regions, and examine whether changes were synchronous across the continent or
differed as a consequence of differences in topography and vegetational history. The earliest mammals
with hypselodont (ever-growing) cheek teeth appeared in the late Eocene of the Northern and Central
Great Plains. Hypselodont taxa appeared later in other regions, in the early Oligocene of the Pacific
Northwest, early Miocene of the Great Basin and California Coast, and late Miocene of the Gulf Coast. The
timing of shifts to communities dominated by taxa with high-crowned teeth was similarly regionally
variable, starting in the early Oligocene in the Northern Great Plains and Pacific Northwest, early Miocene
of the Central Great Plains and California Coast, middle Miocene of the Great Basin, and late Miocene of
the Gulf Coast. Multiple regions showed increases in low-crowned taxa and simultaneous declines in
hypselodont taxa at the time of the Middle Miocene Climatic Optimum. In the Pliocene, both the Pacific
Northwest and Northern Great Basin shifted to faunas dominated by hypselodont taxa. Burrowing and
cursorial species became common in the late Oligocene of the Pacific Northwest and Northern and Central
Great Plains, but not until the middle Miocene in the Great Basin and late Miocene on the Gulf Coast. These
results help to reveal important regional differences in the nature and timing of shifts within rodent and
lagomorph communities through the Cenozoic.
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The use of ostracods in palaeoecological
reconstructions on the example of the Callovian and
lower Oxfordian of the Mikhailovcement (Ryazan
Region, Russia)
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The Mikhaylovcement section (Ryazan region) is the key section for the Callovian and lower
Oxfordian of the Moscow Synecline (MS).

Here 2436 individuals representing over 50 ostracod species were studied and grouped by various
methods of the ostracod analysis, including the species diversity and abundance per sampling unit, size
clusters of ostracods, and cosmopolitan to endemic species ratio. Also, palaeodepths and
palaeotemperatures were inferred from the ratio of index-species restricted to peculiar environmental
conditions.

These data allow us to establish five successive ostracod assemblages in the section representing
an alternation of relatively deeper water and shallower water palaeoenvironments, which, possibly, are
indicative for transgressive-regressive events in this area. The events in ascending order correspond to the
intervals representing by the ostracod beds with Cytherella, with Lophocythere sp. A, with Lophocythere sp.
B- Neurocythere flexicosta labyrinthos, and by the Neurocythere dulcis and Sabacythere attalicata-
Eucytherura costaeirregularis ostracod zones. The earliest four of these events, probably, reflect the pan-
European transgressive-regressive cycles, while the latest one is difficult to correlate directly with any event
beyond the MS. The ostracod assemblage representing the later interval has no analogues in Western
Europe despite the fact that it corresponds to the beginning of the most widespread Oxfordian
transgression. Perhaps, this difference was related to the fact that at the beginning of the Oxfordian, the
depths in the MS exceeded the lower limit of the macrophyte distribution (within 30-40 m below sea level)
and, thus, prevented the migration of ostracods, which were coenotically associated with macrophytes in
Western Europe, to the Russian Platform. During all the earliest transgressive events the palaeodepths here
hardly did exceed this ecological barrier allowing West European ostracods to migrate to the MS and
adjacent areas.

In general, during relatively deeper water phase of all the transgressive events, the boreal index
was increased, while relatively shallower water ostracod assemblages were mostly formed under only the
Tethys watermass influence.

Acknowledgements: the state task 0135-2018-0036 (GIN RAS), -16-116033010096-8 (MSU), RFBR 18-05-00501, IRGO
and SF*IRGO for providing travel grant.
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Molecular characterization of preserved tissues in a
Cretaceous ankylosaur
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Pyrolysis-gas chromatography-mass spectroscopy (py-GC-MS) was conducted on a range of tissues
from an exceptionally preserved nodosaurid ankylosaur, Borealopelta markmitchelli from the Early
Cretaceous of Alberta. These experiments afforded pyrolysates dominated by n - alkane/alkene couplets
with up to 32 carbon atoms. These couplets result from the breakdown of aliphatic biopolymers that are
the dominant component of kerogens and have been formed when lipids polymerize and replace protein
and other poorly-recalcitrant biopolymers [1,2]. Notably, the n -alkane/alkene couplets are absent from the
concretion and the sediment surrounding the ankylosaur. Epidermis and horn tissues also contain
assemblages of small nitrogen-, oxygen- and sulfur-containing heterocyclic and aromatic molecules
characteristic of eumelanin (e.g. pyrrole, indole, N-methylpyrrole and methylphenol). Of special note, is the
presence of significant amounts of benzothiazole which is diagnostic for pheomelanin. Sulfur may be
incorporated into melanin during diagenesis to yield thiophenes, alkylthiophenes and benzothiophenes,
which are also observed and could similarly be derived from phaeomelanin. As far as is known, however,
diagenetic sulfurization is not known to give rise to benzothiazoles. Gastroliths and stomach contents each
had characteristic pyrograms. The former contained an abundance of small aromatic components including
alkyl benzenes and phenols with low contents of heterocyclics and n-alkane/alkene couplets. The stomach
contents had a strong signal for aliphatic biopolymer in addition to a distinctive pattern of C,; and Cy
steranes.

[1] Gupta et al. (2008) Molecular taphonomy of macrofossils from the Cretaceous Las Hoyas Formation, Spain.
Cretaceous Research 29, 1-8.
[2] Stankiewicz et al. (2000) Alternative origin of aliphatic polymer in kerogen. Geology 28, 559-562.
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Spatial gradient of pyrite sulfur isotope in early and
middle Ediacaran successions of South China
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The amount of sulfate in the early and middle Ediacaran ocean was tied directly to oxygen levels in
the atmosphere and the deep ocean. Isotope fractionation between sulfate (6**Scas) and pyrite (534Spyr) can
express the environmentally diagnostic biogeochemical pathways of the sulfur cycle, thus can indicate the
sea-water sulfate level. High-resolution sulfur isotopes complied with inorganic and organic carbon isotopic
stratigraphy were obtained from early and middle Ediacaran successions of western Zhejiang and southern
Anhui provinces, South China. The results show that Ediacaran 6**Scas values almost keep consistent, on the
contrary, (5345‘,\,r values display spatial gradient through the shallow water facies and deep water facies of
Yangtze Block of South China. 634Spy, values in platform facies are significantly higher than those in slope
and deep-water facies, but comparable with those in the deepest water facies. The most distinctive spatial
pattern is an overall decrease in (53“Sr,yr values from shallow to deep facies, following by an increasing trend
in deepest facies. The observed spatial pattern of 634Spy, is best interpreted as evidence for oceanic redox
stratification with euxinic deep waters and relatively oxic shallow waters. When pyrite precipitation occurs
in euxinic deep waters, lower (5345,,yr values are expected because sulfate reducing microbes have full access
to marine sulfate, which was already a few mM in Ediacaran oceans, and maximum sulfur isotope
fractionation is possible. In contrast, when pyrite precipitation occurs within sediments in shallow-water
facies, sulfate availability is limited by diffusion and high 534Spyr values are expected. It is possibly inferred
that Doushantuo sediments in inner and outer shelf facies were mostly deposited in relatively oxic
conditions, whereas euxinic conditions frequented deeper waters in intra shelf, slope, and basinal facies.
The research offers a first-order framework of stratified ocean in early and middle Ediacaran ocean
immediately after the end of Snowball event.
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Distribution and evolution of Carboniferous reefs
from the shelves around the South China and North
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After the collapse and disappearance of reef ecosystem during the Frasnian-Famennian and
Hangenberg mass extinction events, the Carboniferous reefs on the shelves around the South China and
North China blocks underwent evolutionary episodes of recovery, decline, and turnover. In early
Tournaisian times, microbial biostromes composed of stromatolites were present in Pingchuan, Gansu,
North China. In the late Tournaisian, Waulsortian-like mud mounds developed in Liuzhou, Guangxi, South
China. However, no skeletal bioconstructions have been reported from the Tournaisian. They first appeared
in the middle Visean as low- height coral biostrome in Huishui, Guizhou, South China. The abundance and
diversity of skeletal bioconstructions increased distinctly during late Visean times, as evidenced by coral
organic reefs and biostromes, coral-microbial-bryozoan organic reefs, and microbial reef mounds and
biostromes. The reef abundance declined strongly in Serpukhovian times, with only few coral biostromes
exposed in Alashan, Inner Mongolia, North China. A distinct change in reef types occurred after the
Mississippian-Pennsylvanian boundary, when phylloid algae and red algae reefs known at Ziyun, Guizhou
and Beibuwan, Guangxi, replaced metazoan reefs and became dominant in the reef ecosystem. The
evolution of Carboniferous reefs on the shelves around South China and North China blocks, was controlled
mainly by the changes in reef-builder abundance, sedimentary facies, relative sea level, and even global
climate. During times, such as Visean and late Bashkirian to middle Kasimovian, when reef-building
metazoan flourished, carbonate facies was wide-spread ascribed to relative sea-level rise, metazoan reefs
developed abundantly. On the contrary, when reef-building metazoan declined and non-carbonate facies
became more abundant due to relative sea-level fall, metazoan reefs were suppressed as during the
Tournaisian and Serpukhovian. From the Mississippian to Pennsylvanian, the changes from metazoan reefs
into algal reefs were caused primarily by the development of shallow-water carbonate facies resulting from
relative sea-level fall. In addition, global climate cooling and warming, resulted from the waxing and waning
of Gondwana glaciation, may also influence the reef evolution, as evidenced from the consistent
transgression and regression events and global reef evolutionary pattern during the Carboniferous.
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Recovery scenario of the benthic biota in the
aftermath of the latest Ordovician events: cases
from a near-shoal belt of the Upper Yangtze
Platform, South China Block
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In reconstructions of behavioral aspects and diversification, ecological types of the marine facies
during the glaciation episode of the earliest Silurian are quite different due to the diachronous of
environmental shift after the extinction events. Oceangraphic parameters were diverse on the Upper
Yangtze Epicontinental Sea, South China Block. Typical black shales of the Lungmachi Formation are
favorable for the records of graptolitic sequences from deeper off-shoal and shelf belts which maintained
stagnant and anoxic marine seafloors. However, the shallower near-shoal belts along coastline of the Dian-
Qian-Gui Oldland were more oxic and thus idealized settings for the inhabitation of benthic fauna in
Rhuddanian (basal Silurian). Two types of ecological assemblages are recognized. The Niuchang Formation
at the Dongkala, Fenggang is about 8m in thickness, and composed of grey and greyish yellow silts and
marls. Monotonous Helminthoides (ichnofossil) occur with high abundance; in contrast, other body fossils
are extremely sparse. Such a case indicates low diversity of tracemakers. The Rhuddanian unit at the
Xiangshuyuan section, Shigian is 3.3m thick yellow and yellowish-green silty shales intercalated with 6 thin-
bedded units and lenses of bioclastic limestones. Highly diverse and abundant benthic taxa including
stromatolites, sponge spicules, tabulate and rugose corals, trilobites, ostracods, brachiopods, and crinoids
are identified from microfacies of the limestones. This bioclastic facies records the highest biodiversity of
the shelly fauna when compared to equivalent units elsewhere on the South China Block. It provides a
remarkable association of the metazoan marine life of the earliest Silurian, more than two-fold the number
of taxa than the former taxonomic records. Owing to its unique lithological and biotic components, we
formally name this units the Kuzhuyuan Formation. Recovery of the earliest Silurian diverse shelly fauna
was limited, and occurred in the near-shoal belt in Shigian where the marine water was higher clarity.
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east equatorial Pacific from benthic foraminiferal
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The East Equatorial Pacific (EEP) accounts for 5-10% of the global marine production while
representing only 10% of the global ocean. Evaluating glacial-interglacial changes in the past productivity is
relevant for the general understanding of the Earth’s climate system. Reconstructions of paleoproductivity
from different proxies in the EEP reveal complex spatial and temporal patterns. In this study we
qualitatively evaluate the strength and mode (episodic versus sustained) of the organic carbon flux to the
seafloor using absolute and relative abundances of benthic foraminifera for the last one million years in the
EEP. Foraminiferal assemblages are analyzed in IODP Hole 1381C (2064 m water depth) and ODP Site 1242
(1364 m water depth) located offshore the Costa Rica margin. The Hole U1381C spans the last 700 kyr and
the Site 1242 records the period from 0.7 to 1 Ma. The foraminiferal faunas show significant
glacialinterglacial changes in abundance and species composition. We interpret that the assemblages
respond to changes in the seasonality of the productivity and therefore to the organic carbon arriving to
the sea floor together with variable oxygenation levels in the bottom waters and the sediment. Those
changes are likely linked to global oceanographic and atmospheric organizations occurring during mid to
late Pleistocene abrupt climate changes. Acknowledgements: This study is a contribution to project
”Reconstruction of the organic carbon flux to the sea-floor in the East Equatorial Pacific during the Mid
Pleistocene Transition: implications of the ocean in climate changes”. CGL2016-79878-R.
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The Messinian stromatolites intimately related to the Messinian Salinity Crisis (Terminal Carbonate
Complex unit) from the northern sector of the Bajo Segura Basin (Cam section, Sierra del Colmenar, SE
Spain) have been studied. To understand the direct relationship between the morphologies of the
stromatolites and their depositional context in order to reconstruct the paleoenvironmental conditions for
their growth, a detailed study of their architecture, external morphology, and internal morphology
(macrofabric/general internal structure and microfabric) was carried out. The studied sequence presents a
highly developed stromatolitic level whose macrostructure consists of domical and interdome forms
arranged parallel to the coast and acting as a palaeogeographic barrier. The analysis of facies relationships
enable us to infer that the stromatolites were formed in a restricted, subtidal-intertidal to supratidal
environment. The variation in internal morphology over vertical stromatolite growth provides evidence of
minor changes in the physical environment during the development of each stromatolitic subfacies. The
upper part of subfacies 1 marks the beginning of a subtidal environment with conditions of constant
humidity and low hydrodynamic energy, which is maintained throughout the development of subfacies 2.
Subfacies 3 represents a sudden loss of depth and an increase in hydrodynamic wave energy, and the
transition to subfacies 4 indicates the begins of a progressive increase of depth begins that continues until
reaching its maximum in subfacies 5. The transition from subfacies 5 to 6 indicates a gradual decrease in
depth and during the formation of subfacies 7, shallowing continued and puts an end to stromatolite
growth. Finally, domes and interdome filling material undergo sub-aerial exposure and are shaped by an
erosive process, as represented by the late-Messinian unconformity.
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A unique, cylindrical coprolite (MCPU-PV-141; 180 mm long, 40 mm diameter) was collected in the
Upper Pleistocene Touro Passo Formation of southern Brazil and has a diverse array of inclusions. The
macroremains include plant fragments and undigested bones, some of which were identified as ground
sloth osteoderms preliminarily assigned to an indeterminate Mylodontidae. Additionally, through standard
palynological methodology, different palynomorphs were also found. The most common palynomorphs
were grass pollens (Poaceae and Cyperaceae), followed by a small amount of tree pollens (Arecaceae,
Myrsinaceae and Myrtaceae) and less representative Pteridophyta and Bryophyta spores. This pollen
diversity can be interpreted as a landscape with small groves, formed by trees, which provided shadow and
air humidity for the pteridophytes and bryophytes. The grasses were the most common vegetation, which
must have covered the land as in a savanna. Large water bodies were not so common, as demonstrated by
the lack of aquatic plant palynomorphs. As the total amount and pollen diversity was not so large, the
presence of palynomorphs inside the coprolite is interpreted as being derived from an accidental ingestion
trough the water or food, not by feeding directly the vegetation. The preliminary paleoparasitological
analysis of the coprolite revealed the presence of 14 specimens (11.9 + 1.1 um long, 11.5 £ 1.2 um wide)
with morphological and morphometric characteristics compatible with oocysts of protozoans belonging to
Eucoccidiorida. In addition to protozoans, were also observed three specimens (60.8 + 1.4 um long, 30.8 *+
1.4 um wide) with size and shape similar to Spirurida nematodes. Currently, both taxa have species known
by parasitize carnivorous mammals and are also acquired through the predation of other vertebrates.
Although it is not possible to determine the host only by the morphological and morphometric study of the
paleoparasites found, molecular analyzes are being conducted with the purpose of detecting the specific
DNA of certain protozoans, which show narrower specificity with some species of carnivores, in an attempt
to elucidate the animal that produced this coprolite. Therefore, it is expected that the analyses of
microremains (palynomorphs and paleoparasites) in the specimen MCPU-PV-141 provide significant
information about this large-sized carnivore that inhabited the Late Pleistocene Touro Passo
paleoenvironment.
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Site U1385 (Shackleton Site) was drilled in the Western lberian Peninsula by IODP Expedition 339,
with the aim to generate a marine reference section of sub-Milankovitch climate variability during the
Pleistocene. Here we present the study of a selected Pleistocene record to evaluate the integrative
ichnological and Total Organic Carbon (TOC) analysis as a proxy for palaeoenvironmental reconstructions.
Ichnological analysis reveals a trace fossils assemblage composed of seven ichnotaxa, such as Chondrites,
Nereites, Palaeophycus, Planolites, Thalassinoides, Thalassinoides -like traces, and Zoophycos, belonging to
Zoophycos ichnofacies, as well as a variable degree of bioturbation. Four ichnofabrics have been
differentiated, Planolites ichnofabric, Thalassinoides ichnofabric, Zoophycos ichnofabric and Chondrites
ichnofabric, showing a variable distribution through the studied interval. Ichnological features reveal
generalized favourable environmental conditions for the macrobenthic trace maker community, in terms of
oxygen and nutrients, although is recognized the existence of punctual impoverishment indicating to lower
oxygen levels and food supply. TOC data vary between 0.6 and 1.43 wt % with no significant fluctuations,
pointing to generally good oxygen, nutrients and productivity conditions. Changes in palaeoenvironmental
conditions during the studied interval, interpreted from the integrative TOC/ichnological analysis, can be
related with climatic variations associated to glacial-interglacial cycles.
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"Metabolic Time Machine” is a forthcoming project aiming at elucidation of the nature of
adaptation of life to secular changes of earth environments, especially focusing on arguably the most
drastic environmental change in geohistory, viz., the rise of atmospheric oxygen. To this end, we attempt to
integrate earth and life sciences with the help of metallomics, information science, as well as the key
concept of geogenomics. Recent development of DNA sequencing technologies has resulted in producing
complete genome data for an increasing number of living organisms. Just like humans did not evolve from a
chimpanzee, however, those genome data, be they from a sponge or a bacterium, do not represent the
genomes that our ancestors possessed. The ancestral genomes (coding and non-coding sequences, gene
set, synteny, gene orders, etc.) should be (and shall in this project be) reconstructed for each node of the
phylogenetic tree through comparisons of genome data of living organisms. The reconstructed genomes, in
turn, will support us to infer the biochemistry and physiology of the common ancestor at each node
through molecular cloning of the genes encoding an ancestral sequence (gene resurrection) and
reconstruction of metabolic pathways based on the set of enzyme genes contained in the genome,
respectively. In this context, we focus on the proteins and biomolecules that utilize a metal element such as
Fe, Cu, Zn, Co, Mg, Mn, Ni, Mo, W, etc., or a non-metal element such as Se, as an integral component for
two reasons. One is that the availability of these elements in the environments for organisms is expected to
have changed depending on the oxidative state of the environments throughout the geohistory. The other
is that the secular changes of the abundance for each of those elements can be (and shall in this project be)
quantified using the state-of- the-art analyses of the samples preserved in the geological record. The
resulting hypotheses of interactions between life and environments shall be tested through mathematical
models. All the data obtained in this project shall be interconnected and be released to the public through
the "integrated geogenomics database”. Although this project is to be supported by a national source,
ample schemes of international exchanges shall be offered. We thus seek for international partners who
are willing to collaborate with us.
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Planktonic microfossils constitute key material for paleoceanographers for which they are, since
nearly one century, basic tools for stratigraphic and paleontological reconstructions. Approaches relying on
the compilation of modern eco-biogeographical databases, derived from the analysis of recently fossilized
populations in the topmost oceanic sediment layers, provide comprehensive sets which have considerably
improved our bioclimatic knowledges on modern microfossil assemblages. These modern sedimentary
spectra, analysed for their contents/ relative abundances in planktonic microfossils, offer the advantage of
integrating regional taphonomic processes, and can furthermore be statistically tested and exploited to
provide proxies of oceanic conditions, as done for instance with transfer functions sensu lato (e.g. Kucera et
al. // 2005; Telford and Kucera, 2013). Here we test the robustness of the Modern Analog Technique
(MAT), thanks to the coupling of two databases compiling complementary microfossil training sets, i.e.
planktonic foraminifera and dinoflagellate cysts. We focus our tests on the North Atlantic Ocean (and its
border seas), and on several time scales over the Quaternary. Those sets were extensively tested in the last
decade, providing very coherent paleoceanographic reconstructions along the western European margin. A
selection of these results is presented here.
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fossil echinoids
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Living echinoids are observed interacting with various predators and parasites, producing a range of
distinct traces that are found on Recent and fossil echinoids. However, descriptions of the morphology and
ecology of drill holes on echinoid tests vary, and identifying trace-makers on fossil echinoids remains
contentious due to the paucity of diagnostic criteria. Rigorous characterizations and descriptions of a broad
range of traces observed on echinoid tests could improve our ability to identify and interpret ecological
interactions between echinoids and their predators and parasites in the fossil record.

Here we describe and characterize traces of biotic interactions found on fossil echinoid tests from
the southeastern U.S. using museum collections and recent field work in the region. 13 species were
targeted based on their abundance in the collections, and all specimens were examined for traces inferred
to be biological in origin using light-microscopy. A total of 2,550 specimens were examined, and 341 traces
were observed. The following morphological characteristics were recorded for each trace: trace outline,
maximum diameter, edge characteristics, and trace location on the test. Using these descriptive variables
made it possible to group traces with comparable morphological descriptions into 8 general categories:
circular, figure-eight, irregular, linear, notched circle, oblong, rectangular, and subcircular. A total of 46
representative example traces from each category were then selected for SEM imaging to create high-
resolution images of each morphological class to enhance trace characterizations.

Circular traces were most common (n=158), followed by subcircular (n=58) and oblong (n=51)
traces, interpreted as being produced by either predation or parasitism. These traces had a wide range of
outline characterizations, including smooth, rounded, beveled, irregular, and jagged. In rare cases, circular
and subcircular traces were surrounded by a dissolution halo (n=25), interpreted as the product of acid
etching during gastropod predation.

These categorizations contribute to a growing literature on echinoid associated traces, and
ecological interpretations of interactions with echinoids. A thorough classification of trace types may
promote the identification of traces on fossil echinoids, and enhance our ability to identify evolutionary
trends in interaction intensity and diversity in the fossil record.
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Lipid biomarkers and invertebrates reveal that
microbialites on the Neotethyan platform formed in
oxygenated environments following the latest
Permian mass extinction
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After the latest Permian mass extinction event, microbial mats filled the ecological niche previously
occupied by metazoan reefs, resulting in widespread microbialites. We aim to identify the lipid biomarker
(molecular fossil) and invertebrate fossil records from Neotethyan platform margin sections to understand
the conditions that led to the formation of widespread microbial- metazoan bioherms. Here, we find that
thrombolitic and stromatolitic microbialites from Clrtk Dag (Turkey) and Kuh e Surmeh (lran) contain
abundant lipid biomarkers (molecular fossils), representing input from cyanobacteria, anoxygenic
phototrophic bacteria, sulfate-reducing bacteria, and halophilic archaea. The biomarker inventory suggests
that the microbialites were constructed by cyanobacteria-dominated microbial mats. Biomarkers of
halophilic archaea are interpreted to reflect input from the water column, suggesting that the Neotethys
experienced at least episodically hypersaline conditions. We also demonstrate that bacteria, possible
keratose sponges, and microconchids lived synergistically to form microbial-metazoan bioherms in the
immediate aftermath of the extinction along the western margin of the Neotethys. Abundant fossils of
oxygen-dependent invertebrates (i.e. microconchids, bivalves, gastropods, brachiopods, and ostracods) and
foraminifers were also found within these bioherms. The presence of invertebrates in conjunction with
abundant molecular fossils of cyanobacteria indicates an oxygenated water column. The proliferation of
post-extinction microbialites is, therefore, attributed to a relaxation of ecological constraints caused by the
magnitude of the extinction.
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The Chalk Unit at the middle Lefkara Formation at Petra Tou Romiou section, Cyprus, shows regular
alternance of calcilutites and thin calcarenite beds. Calcilutites are best interpreted as pelagic sediment,
while calcarenite beds correspond to distal turbidites or bioclastic sandy bottom-current deposits. Here we
present the ichnofabric analysis (trace fossil composition, density of bioturbation, and tiering complexity) of
calcilutite intervals to characterize the trace maker community structure, its evolution during calcilutite
deposition, and the relationship with the associated palaesoenvironmental parameters. A composite chalky
ichnofabric with profuse bioturbation is recognized, consisting of abundant Planolites, Chondrites, and
Zoophycos, common Thalassinoides, and rare Taenidium. Background mottling generated by biogenic
activity in the soup-ground mixed layer, corresponding to the uppermost tier, is rarely observed. The upper
tier assemblage is composed by Thalassinoides, Taenidium and Planolites, the middle tier is constituted by
Zoophycos and large-Chondrites, and the deeper tier consists, exclusively, of small-Chondrites. This
ichnofabric shows an autocomposite character, associated to bioturbation by a single ichnocoenosis and
gradual upward migration of the tiered macrobenthic community as the slowly calcilutite sedimentation
progress. Abundant, diverse, and persistent, bioturbation, reveals maintenance of favorable
palaeoenvironmental conditions for macrobenthic trace maker community during pelagic sedimentation of
individual calcilutite intervals between calcarenite beds. The differentiated composite ichnofabric is
observed as a general pattern in the calcilutites through the section, regardless the particular calcilutite
interval between the calcarenite beds, with only punctual variations. This fact allows interpreting an
equivalent response of the trace maker community after turbidites and bottom-current processes
evidencing a similar reestablishment of background palaeoenviromental conditions related to calcilutite
deposition. Minor variations in this pattern can be related to taphonomic processes associated to
calcarenite deposition. We can conclude that calcarenite deposition processes didn’t disturb a well-
established calcilutite macrobenthic trace maker community probably due to a relatively rapid
reestablishment of background palaeoenvironmental conditions.
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Vast Holocene diatom mat deposits and their
relationship to rapid sinking of diatom blooms by
downslope shelf water off the northwestern
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The Southern Ocean is very important for the oceanic sequestration for atmospheric CO, in the
world’s ocean and one of the major mechanisms by which carbon is sequestered to the deep ocean is
diatom-dominated phytoplankton blooms accompanied by mass sinking of bloom biomass. However, the
fate of the sinking from the surface to the deep-sea floor has not been adequately resolved. Here, we
report an extensive mat deposit as proof of rapid export of huge diatom blooms in the seasonal sea ice
zones on Antarctic shelf to deep-sea sediments off the northwestern Weddell Sea. We present new
evidence that these diatom mats formed from mass sinking of diatom blooms off the shelf break aided by
northward advection and subsequent sinking of plankton-rich cold shelf water in the sea ice zones, resulted
from isopycnal mixing of Weddell Sea shelf water with Modified Circumpolar Deep Water. The mass
accumulation of diatom blooms on a scale that is recorded in the sediments, however, may require major
cooling conditions; such a cooling condition may facilitate the continuous drawdown of diatom blooms
driven by the intensification of the downslope shelf water. The carbon export from the diatom blooms at
the seasonal ice on the Antarctic shelf might have significantly influenced the biogeochemical cycling in the
glacial Southern Ocean, especially when downslope shelf-water formation following the Antarctic Slope
Front markedly increases along the circum-Antarctic continental margin during glacial periods. Moreover,
our results show that the mass sinking of shelf bloom diatoms by downslope flow along Antarctic
continental margin may partly explain the "enigma” of rapid biomass decline following spring biomass
maximum of the Antarctic phytoplankton.
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Where is the conservation in conservation
paleobiology?
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Paleobiological data contribute importantly to basic understanding of the timing and extent of
human impacts on the environment. But beyond greater refinements to this obituary for nature, it remains
unclear how paleobiology can contribute useful insights for achieving concrete conservation targets. A
major complication is that both natural and anthropogenic disturbances have complex cascading effects on
biological interactions among species due to differences among species’ life histories, habitat preferences,
and diet. For example, changes in Caribbean ecosystem structure and species extinction lagged over 1 myr
after oceanographic changes following emergence of the Central American Isthmus because of the drawn
out shift from predominantly soft sediment to biogenic coastal habitats. These changes in habit further set
off changes in food webs due to more intense rates on predation. These effects were again further
compounded by megafuanal extinction in response to intensified Pleistocene climate variability and sea
level fluctuations in addition to decreased productivity. Such complex ecological shifts underlie the
increasingly ominous phenomenon of extinction debt and highlight the importance of the changing
composition of keystone species in response to anthropogenic pollution and climate change. For example,
increasing nutrient pollution is degrading seagrass and coral reef habitat along the Florida coast with
concomitant losses of associated species; in effect reversing the changes millions of years before due to
Caribbean isolation from the Pacific. But when pollution was reduced in Tampa Bay, seagrass meadows
were fully restored. Conservation paleobiology needs to sharpen its focus on the past responses of such
keystone species in relation to their trophic position and life histories. In doing so, we can provide powerful
long-term insights for ecosystem restoration.
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shift on the Israeli shelf: evidence from a live-dead
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The eastern Mediterannean is one of the regions most impacted by the the establishment of alien
fish species from the Red Sea (Lessepsian invasion). However, despite important recent studies, lack of data
on the marine fish fauna in this area before the Suez Canal opening severely hinders accurate predictions
on the progress and impacts of this phenomenon. We investigate the impact of the establishment of alien
fish species by comparing the marine fish death assemblages (DAs) in the surficial sediments along the
Israeli coast with the living assemblages (LAs). Such a comparison can quantify the magnitude of major
assemblage shifts in recent times, because the death assemblage retains a strong signal of the taxonomic
composition and community structure of pre-impact assemblages. Our DAs are based on identified otoliths
from grab sediment samples collected at 10-40 m water depth. The LAs includes data from 1990- 2012
trawl surveys. Assemblage shifts were quantified by comparing the DAs with the LAs in terms of species
richness, evenness, taxonomic similarity, and rank-order in species abundance. Moreover, we compared
the relative species abundances; the contributions of alien versus native species; the relative abundances
of tropical, subtropical, and temperate species; and the community composition by multidimensional
scaling plots. The DAs are dominated by species native to the Mediterranean: the conger Ariosoma
balearicum in 10 m depth and the anchovy Engraulis encrasicolus at 20-40 m. In contrast, the LAs are
dominated by alien species. The taxonomic similarity is low (< 0.5), that is, the species which constitute the
LA are different from those of the DA. The rank order of species abundance also differs between LAs and
Das, showing that alien species are more abundant in the LAs than in the DAs, whereas the native species
show decreased abundance with time. The DAs are characterized by a higher species richness and
evenness, well within the expectations of the effects of time-averaging. Thus, our live-dead agreement
confirms the occurrence of a massive shift in the composition and structure of fish assemblages.
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Since its opening in 1869, hundreds of tropical species entered the Mediterranean Sea via the Suez
Canal. This so-called ”Lessepsian invasion” is the single largest marine biological invasion. Yet, quantitative
data of its spatial and temporal extent and that of the native communities is available only for the last few
decades. This brief historical perspective hinders our understanding on how the invasion progressed since
its beginning and how factors such as the progressive enlargement of the Canal, the changes due to the
Aswan dams on the Nile discharge, the decline of the saltwater barrier of the Bitter Lakes and seawater
warming affected the process.

To overcome this impediment, we reconstructed the onset of the Lessepsian invasion and the
changes in the native community by studying molluscan shells in two 1.4-meter-long sediment cores
collected at 30 and 40 m water depth off Ashgelon in southern Israel.

At 30 m depth, non-native species were present in the sandy upper 50 cm of the coreand at the
sandy sediment at its bottom, but were absent from the muddy sediment at its middle 60 ¢cm. In non-
metric multidimensional scaling (NMDS) plots, the molluscan community is structured in different
assemblages down-core, with a more distinct separation of the uppermost 25 cm suggesting that the most
modern assemblages have experienced a stronger directional change than those along the time interval
captured by the rest of the core.

At 40 m depth, very few non-native species were present and limited to the upper 55 cm of the
core, again with an apparent greater richness in less muddy intervals. In NMDS plots, there is poor
structuring of the assemblage down-core. Because the analysis of living and death assemblages from grab
samples suggests a major ongoing change of the community, the lack of a strong signal in this core may
indicate that this change is a very recent phenomenon at this depth.
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Holocene brackish succession (core 204S7) of the Po Plain revealed a recurrent association between
increases in parasite prevalence (trematodes traces on the valves of Abra segmentum) and parasequence
bounding surfaces. Here we expand the investigation of trematode parasitism in bivalve species to a “25km
down-dip cored transect in the Po Plain, which crosses different paleo-environments: brackish (core
204S7), nearshore (core 205S6), and nearshore to proximal marine (core 205S514). Non-Metric
multidimensional scaling (hMDS) is applied to investigate main drivers of mollusk turnover and highlight the
primary Holocene sedimentary packages of Po plain stratigraphic architecture. The faunal turnover along
the nMDS major axis expresses the combined effect of salinity and bathymetry, highlighting alternating
periods of rapid flooding and gradual shallowing (i.e., meter-thick parasequences). The results are generally
consistent with previous interpretations and largely invariant to spatial and taxonomic scales of the
analysis. Parasite prevalence in individual samples displays a high temporal variability across all the
investigated cores and an overall decreasing trend seaward. Single-sample values in A. segmentum range
from 7% to 70% in core 204S7 and 8% to 53%, in core 205S6. Along core 205514, Donax semistriatus
prevalence ranges from 17% to 33%. Four flooding surfaces highlighted by fossil ordination outputs have
been recognized in core 204S7. Three of them are associated with significant peaks in prevalence (i.e.
outside the 95% randomization confidence interval) for A. segmentum (at 12.3m, 10.3m and 9.3m core
depth) and Loripes orbiculatus (at 12.3m core depth). Along the core 205S6, statistically significant
prevalence peaks for Lentidium mediterraneum (18.0m and 10.9m core depth) and Chamelea gallina
(13.2m core depth) coincide with three of the six centennial-scale flooding surfaces recognized. Along core
205514 mollusc turnover highlights three flooding surfaces only (28.0m, 25.6m and 25.1m core depth),
which are not associated with statistically significant prevalence peaks among the investigated samples. In
conclusion, the recurrent association between flooding events and surges in trematodes infestation
appears restricted to brackish and nearshore settings. Nevertheless, these evidences suggest that
anthropogenic sea-level rise may have led to significant alterations in host-parasite interactions along a
wide spectrum of coastal ecosystems.
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distance of climate change: A perspective from
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The field of conservation paleobiology holds great promise in providing a long-term perspective on
biotic responses to the major environmental stressors-climate change, habitat change, invasive species,
pollution and overexploitation of wild species-acting on biodiversity today. Despite this potential, results
from a recent survey of marine conservation biologists aimed at characterizing their conception of ”long-
term” indicated that they tend to think data on time scales of centuries and longer (e.g., paleontological
data) are needed to address conservation issues related to climate change, but not the other four
environmental stressors. Here, we propose a hypothesis to explain this result based on the construal level
theory of psychological distance. This theory posits that an event that is psychologically distant from a
person in one or more dimensions, including temporal, spatial, social, and hypotheticality distance
dimensions, will be construed by the person in a “higher,” more abstract way than an event that is closer to
the person. Specifically, we propose that because climate change is perceived as a long-term environmental
stressor that is psychologically distant (i.e., the longer temporal scales of climate change involve higher
level, more abstract construals) data derived from the fossil record are more likely to be perceived as useful
for addressing this phenomenon. In contrast, the other environmental stressors might be perceived as
psychologically closer (i.e., easily observed, with lower level, more concrete construals), so paleontological
data are not likely to be perceived as necessary to address these stressors. Psychological distance presents
a previously unrecognized obstacle to the full application of paleontological data in conservation science.
Recognizing this psychological bias may help develop targeted communication strategies to increase
peoples’ motivation to use paleontological data in conservation efforts.
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to reconstruct shark communities on coral reefs
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Historical accounts often depict high shark densities that sharply juxtapose contemporary reports in
the same regions, but without quantitative shark baselines, we are unable to estimate true declines and
understand how reef ecosystems functioned before major human impact. We are exploring the utility of
shark dermal denticles, the tiny tooth-like scales covering elasmobranch skin which accumulate and are
well-preserved in coral reef sediments, to reconstruct historical shark communities. In this study, we
assessed the fidelity and resolution of the modern denticle record on Palmyra Atoll (central Pacific), where
sharks are famously numerous and well-studied. We compared denticles accumulating in the carbonate
sediments of several reefs on the atoll with previously collected shark abundance data from four different
ecological survey methods: underwater visual census, baited remote underwater video stations, tag-
recapture studies, and catch per unit effort (CPUE) during scientific fishing. We found a strong correlation
between denticle abundance per kilogram of reef sediment and underwater visual census data collected
from the same reefs. We also found that denticle types reflected the known shark taxa on the atoll.
Comparing denticle assemblages with the outputs of these traditional survey methods helps standardize
the denticle record and explore its limitations, enabling comparisons between denticle assemblages in
congruent habitats across space and over time. When applied to fossil denticles, this new tool could
provide insight into shark communities before industrial fishing, facilitate assessments of the magnitude
and ecological consequences of shark declines, and help set more appropriate, region-specific management
targets.
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Anthropogenically-driven biological change is currently resulting in catastrophic losses of
biodiversity. To anticipate ecosystem responses and effectively manage resources, we must understand
how ecosystems respond to extreme changes; yet there are no precedents in human experience to guide
us. Accordingly, the assessment and reconstruction of ecosystem dynamics during previous intervals of
environmental stress and climate change in deep time has garnered increasing attention. The nature of the
fossil record, however, raises questions about the accuracy of reconstructing paleocommunity and
paleoecosystem-level dynamics. Here, we present the results of two studies, the first of which assesses the
reliability of such reconstructions by simulating the fossilization of a highly threatened and disturbed
modern ecosystem, a Caribbean coral reef. System structures of the modern and simulated fossil reef food
webs were evaluated and compared, including guild richness and evenness, trophic level distribution,
predator dietary breadth, food chain lengths, and modularity. Second, we present a large deep-time marine
food web from the early Mesozoic (Anisian) of western Tethys and consider how ecosystem resilience may
differ from modern ecosystems. We find that fossil marine communities can successfully be used to
understand community dynamics during past regimes of environmental change. Despite the loss of species,
guilds, and trophospecies interactions, particularly soft-bodied organisms, the overall guild diversity,
structure, and modularity of the fossil ecosystem remained intact. This has important implications for the
early Mesozoic food web, as our results indicate that ecosystem complexity was low and resilience was
relatively high, though these likely changed through time due to rapid diversification and increasing
predation. These factors appear to affect community structure and stability and are thus important drivers
of evolutionary change.
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ocean communication (southernmost Brazil)
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Actuopalinogical and sedimentological studies in continental shelfs are important tools to
comprehend the coastal dynamics and their relationships with continental areas. These studies are useful
in paleo environmental and paleo climatic reconstructions. The main objective of this work was to describe
the superficial depositions of sediments and palinomorphs at the inner continental shelf of Rio Grande do
Sul. A total of 48 samples were collected between 2 and 22 m, nearby Balneario Hermenegildo. Linear
Models were used to verify the relations between frequencies of palinomorphs/sediments and depth. To
carry out Cluster Analysis and DCA, published data from Patos’s lagoon were used in order to verify the
similarity between palinomorphs content of lagoon and platform environments. The sediments deposited
on continental shelf presented high skewness and low sorting, with prevalence of silt and clay particles size
nearby coastal areas. These characteristics point to a continental (silt and clay) and relicts (sand) deposits
influence. A substantial palinomorphs diversity were observed, including 44 taxa of plants, 5 algal taxa,
besides Foraminifera, Porifera, Ochrophyta, Fungi and Scolecodonts. Among these, Poaceae, Cyperaceae,
Amaranthaceae and Compositae/Asteraceae were more frequent. Some areas inside Patos’s lagoon
showed greater palynological similarity with the continental shelf due the marine influence. Despite this
similarity, we observed a gradation between lagoon and continental shelf palynological contents. The
pollen assemblage described here reflected the natural vegetation of Rio Grande do Sul coastal areas,
beyond cultivars influences (Oryza e Pinus). This emphasizes the importance of palynological studies to
understand anthropic changes at the landscape.
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Microgastropods as potential proxies for past
hypoxic events
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Coastal hypoxia is a growing global problem responsible for the formation of “dead zones”. Hypoxic
events have caused widespread damage to fringing coral reef ecosystems in Bocas del Toro, Caribbean
Panama. However, because environmental monitoring of these reefs only began less than ten years ago,
we do not know if these hypoxic events are part of a natural process or exacerbated by human impacts
such as eutrophication and global warming. We explore the utility of micrograstropods to reconstruct
changes in hypoxia over millennia. Abundant, diverse and well-preserved microgastropod assemblages
were extracted from two reefs with different hypoxia intensities in Bocas del Toro using four 3 m long reef
matrix cores which recovered the last "400 years. The majority of the microgastropod diversity was
represented by families with diverse and specialised lifestyles such as Caecidae (microphagous feeders),
Cerithiopsidae (sponge-feeders), Eulimidae (echinoderm parasites) and Pyramidellidae (invertebrate
ectopar- asites). Interpretation of the data will be facilitated through the use of oxygen and carbon isotopes
to categorize environmental conditions related to hypoxia such as freshwater input, temperature and
human-derived sources of nutrients. This study will help reveal the historic precedence of hypoxia in this
area and the most appropriate microgastropod taxa as proxies for environmental disturbances.
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Deep marine environments: a potential refuge
during times of severe environmental stress
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Evidence suggests that eruption of the Siberian Traps triggered environmental stresses that
facilitated a dramatic reorganization of marine communities and resulted in the largest Phanerozoic
extinction event at 251.94 Ma. Echinoids underwent a severe loss of diversity during the end-Permian mass
extinction (EPME). It was proposed that a single echinoid lineage survived the extinction event, but new
findings suggest that stem group echinoids did in fact survive, but exhibited the Lazarus effect. Fossil
echinoids are rare during the earliest Triassic with only three published localities recording articulated
specimens. Preservation bias fails to explain the rarity of echinoids following the EPME, as dissociated
skeletal parts are largely resistant to taphonomic constraints. Thus, it is speculated that echinoids were
restricted to refugia (i.e., ecosystems that act as sanctuaries during times of environmental stress).
Ecological studies on modern marine environments have suggested that deep-sea communities are more
resilient than shallow-water communities as they are more immune to sea surface temperature change. It
is hypothesized that deep-marine environments could serve as a refuge in response to future climate
change trends. There is growing evidence in the rock record to support this hypothesis. The Shangsi section
is one of the three localities with earliest Triassic articulated echinoids, preserved in an upper slope
environment adjacent to a tropical to subtropical intracratonic platform on the South China
microcontinent. A new species of cidaroid echinoid was found along bed surface 28d, which consists of a
calcimicrobial limestone deposited “50 Ka after the extinction at water depths of 7150-200 m.
Paleotemperature calculations from Shangsi indicate a rapid increase to 34 . Surface temperatures of this
magnitude would dramatically affect the development of most modern tropical to subtropical cidaroid
echinoids. However, modeling of the earliest Triassic Paleotethys Ocean suggests that temperatures at 150-
200 m water depth were 5-10 cooler than the surface ocean. Therefore, this deep-marine community could
have been more resilient to temperature stresses associated with the EPME. The discovery of a new
earliest Triassic cidaroid echinoid at Shangsi increases our understanding of echinoid evolution across the
PTB and highlights the importance of deep-marine environments toward the survival of marine biota during
major environmental perturbation.
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Foraminifera in the estuaries of South-West
England: maerl, sea grass and conservation
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The estuaries and near-shore marine environments of South-West England were an important
location for the early investigations of foraminifera. George Montagu, Fortescue Millett, Edward Heron-
Allen and Arthur Earland have all left an important 200-year legacy in our understanding of both the
species present and their (palaeo)ecology.

The Fal & Helford Estuaries, Plymouth Sound & Estuaries and the Exe Estuary have all been given
EU designations as Special Areas of Conservation (SAC). Following UK legislation in 2009, Marine
Conservation Zones (MCZ) have been created around the UK, especially in South-West England, where a
number of important MCZ are located, including the sea grass meadows of Tor Bay MCZ. If marine
conservation is to be successful it must be underpinned by up-to-date science and, in the case of
foraminifera, this relies on work by palaeontologists rather than marine biologists, w ho tend to avoid such
groups.

Foraminifera are important constituents of marine and estuarine ecosystems, being present in both
large numbers and with high levels of species diversity. Saltmarsh, mudflats and sea grass meadows contain
distinctive assembl ages of foraminifera, which often show intimate relationships with other fauna and
flora. This is particularly true in the maerl beds of the Fal Estuary. Maerl is a collective name for calcareous
seaweeds (Rhodophyta) that provide an important habitat for many vertebrate and invertebrate species.
Our investigation s have found that the high diversity fo raminiferal assemblages present in the samples
associated with the maerl are largely the result of sediment ‘trapping' rather than in-situ, high diversity
assemblages. Many of the species found within the beds of maerl are associated with sea grass
communities, while others come from assemblages known to exist on both the higher mudflats and the
saltmarsh environments present in the area. Understanding both modern ecology and post-mortem
transport of foraminifera is, therefore, an important part of estuarine and near-shore marine research and
our interpretations of such environments in the fossil record. As many of the estuaries in Devon and
Cornwall have catchments with a long history of mining (especially in the 19th century) the relationship
between test deformity in foraminifera and metal pollution can also be demonstrated.
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Comparative fidelity of higher taxa in benthic
marine assemblages of coastal North Carolina, USA:
implications for conservation paleobiology and
paleoecology
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Studies assessing the mismatch between living communities, and concurrently accumulating death
assemblages represent a key theme of conservation paleobiology, and have been fruitful in gaging the scale
of human induced faunal changes, and conducting more informed analyses of fossil data. However, past
research has primarily focused on single higher taxa with hard parts (e.g., mollusks, corals, diatoms). In
contrast, few studies have included multiple phyla, and we lack analyses intended to simultaneously
evaluate all phyla. Thus, we know little about multi-taxon fidelity patterns or variation in fidelity across
classes and phyla.

To evaluate higher-taxon fidelity and taphonomic biases within and across higher taxa, we sampled
live and death assemblages by dredging in coastal North Carolina (USA). A total of 53 localities representing
a wide range of depths and habitats were sampled. Samples yielded specimens representing 7 higher taxa
with variable skeletal types (arthropods, annelids, brachiopods, cnidarians, echinoids, mollusks, and
sponges). Species richness and relative abundance for live and sympatric death assemblages were
examined within and across higher taxa and relative fossilization potential was estimated for each major
taxonomic group.

Samples included 12,981 live and 58,548 dead individuals that represented 247 species from the 7
phyla. Locality richness was moderately correlated between live and dead samples (R2 = 0.4). Preservation
potential was elevated for more heavily biomineralized taxa with fewer skeletal components (e.g.,
mollusks) and depressed for phyla with multiple skeletal elements and limited or no biomineralization (e.g.,
echinoderms, arthropods, and annelids).

These results indicated low levels of multi-taxic faunal fidelity. That is, class and phylum level
composition of live and death assemblages differed considerably, regardless of water depth, habitat type,
and proximity to local anthropogenic stressors. Not surprisingly, within-taxon fidelity appeared to be much
higher for mollusks comparing with other taxa, which generally displayed very low compositional fidelity.
Whereas a single case study cannot provide reliable generalizations, the results reported here can serve as
a starting point toward developing numerically- grounded strategies for considering taphonomic overprints
in multi-taxic analyses, both in the context of conservation paleobiology and deep-time paleoecology.
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The aquatic communities of Florida’s freshwater ecosystems have been studied by ecologists for
over 50 years. In contrast, the death and fossil assemblages, which preserve molluscan- components of
past communities and can provide unique historical and ecological perspectives, have received limited
attention. However, historical data on faunal composition, biodiversity, and spatial structuring of regional
faunal associations, which predate the industrial revolution, can be potentially invaluable: they can help us
to quantify the ongoing ecosystem shifts driven by recent environmental and anthropogenic changes. The
multi-millennial perspective afforded by the most recent fossil record may also improve conservation
planning and assist in developing restoration goals for Florida’s freshwater systems under threat.

To address these issues, three types of samples were collected from Florida’s Silver, Ocklawaha,
and Wakulla Rivers: living mollusks (life assemblages), surficial shell accumulations (death assemblages),
and in situ river bank sediments (fossil assemblages). One hundred and eleven samples collected so far
yielded 28,082 specimens representing 20 species of mollusks.

Quantitative analyses indicate that diversity is highest in death assemblages, intermediate in fossil
assemblages, and lowest in life assemblages. Many live and dead samples are dominated by recent invasive
taxa, such as Corbicula fluminea and Melanoides tuberculata, while fossil samples include species that are
rare or absent in life and death assemblages, suggesting changes in these mollusk communities that
predate modern ecological research. Nonmetric multidimensional scaling and PERMANOVA tests indicate
that fossil assemblages are similar in faunal composition across all studied river systems (depressed beta
diversity), whereas life assemblages are more variable (i.e., life assemblages from the adjacent Silver and
Ocklawaha Rivers are similar to one another, but distinct from those of Wakulla River) and display elevated
beta diversity.

These results tentatively indicate that, when compared to past ecosystems, present-day mollusk
associations shifted notably in faunal composition, display depressed diversity, and are more heterogenous
regionally. A potential cause of this increased heterogeneity may be the uneven regional success of recent
invasive taxa that can alter the underlying, endemic molluscan communities. As previously demonstrated
for marine systems, comparisons of live, dead, and fossil mollusks may be used to quantify recent shifts in
biodiversity, composition, and spatial structuring of freshwater communities.
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Shelled foraminifera occur in all marine and marginal marine environments usually in great
abundance. Their small size makes them easily sampled in statistically valid abundances with almost any
sampling technique. In shelf, marsh, lagoon, bay, and estuarine environments, foraminifera occur in cores
dating back thousands of years, providing a detailed record of biotic and habitat changes in areas of
conservation. Species of foraminifera are variably sensitive to changes in temperature, salinity, oxygen,
productivity, pollution, nutrient input from agriculture and sewage, and increased flooding.

In San Francisco Bay, California, forams from cores penetrating the previous inundation of the sea
at 125 ka indicate a fauna undisturbed by humans at all. In the Bay today, an invasive Japanese species
from ship bilge waters now dominates the foraminiferal assemblages. Comparison to the fossil assemblages
indicates that the invasive species moved in but did not out-compete or replace that assemblage but rather
just grew enormous populations over the existing biota.

In coastal marine habitats in New Zealand, foraminifera provide a clear history extending back to
before Polynesians first inhabited the area, through the immigration of Europeans and their agricultural
activities, to modern populations that impact the environments with fertilizers, sewage, wastes of other
kinds, fishing and agriculture. Of major importance, early European logging activities and later urban
growth increased freshwater runoff that decreased salinity in the estuaries and impacted the macrobiota,
all of which the forams recorded. Forams also indicate natural changes in these environments induced by
faulting, tsunamis, flooding, and sedimentation that have import in marine conservation.

Fossil forams have successfully documented changes in marine environments caused by natural and
human impacts in many places in the world. Their small size, enormous numbers and environmental
sensitivity make them especially useful in conservation paleobiology.
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of coastal ecosystems in Anthropocene Asia
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Perched on the main drainage outlet for the Pearl River Delta Metropolitan Region, one of the most
densely populated areas in the world supporting 1.2 billion people, is Hong Kong. Over recent millennia,
this region has undergone sea-level rise, alternating salinities, delta progradation, monsoonal onset, and
anthropogenic shoreline development and advancement. During this time, the marine communities of
Hong Kong have endured substantial alteration and they’ve increased exponentially since the 19th century.
Hong Kong has hosted some of the most polluted waters in the world and aggressive clean-up measures
are increasingly being implemented, yet we have little information regarding both their past and present
benthic communities. Recent research has established a stark water quality gradient stretching from more
pristine eastern Hong Kong heading west to the increasingly polluted Pearl River Estuary, strongly
influencing local coral community distribution, diversity and abundance. In 2016, cores (3 m) and surface
sediment samples were collected to assess modern and palaeobenthic foraminiferal communities.
Preliminary results reveal, surprisingly, flourishing modern communities that are distinctly controlled by
strong local environmental parameters, generating very different assemblages across relatively small
distances. When compared to palaesoassemblages, we can gauge benthic community change through these
ecosystem upheavals and subsequent recovery, alteration or decimation. This work and ongoing analyses
not only enables historical understanding of the area’s marine ecosystem development but comparing
results to the last foraminiferal study some 30 years previous informs us regarding current environmental
management protocols and their effectiveness since implementation
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the endemic mollusc fauna of Rapa Nui
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Rapa Nui, also known as Easter Island, is the most geographically isolated island on Earth. This
isolation has led to high endemism, which is 35-40% for molluscs. In addition to its biological uniqueness,
Rapa Nui has a unique human history, as it has been inhabited for over 1000 years. During this time,
populations have oscillated between about 15,000 to a few hundred inhabitants in the late 1800s. Close to
8,000 people now live on the island where tourism provides the majority of the population’s income. As a
result, benthic resources such as molluscs are intensively harvested (at least since the 1970s) to be sold as
souvenirs. The presence of endemic molluscs from Rapa Nui has been documented by naturalists on
historical voyages since the early 1900s. However, our recent sampling of shell assemblages from six sites
around the island revealed that some of these species (e.g. Cypraea caputdraconis or ‘pure’) are missing
from current communities. The only trace we found of them was as jewelry in souvenir markets. To
understand if the absence of these species from assemblages is due to overharvesting, we hypothesized
that the molluscs from dead shell assemblages would be significantly smaller than the ones collected during
historical voyages when the human population was much smaller. We measured the size of 13 species of
gastropods abundant both in our samples and in the collections at the National Museum of Natural History
(Smithsonian Institution). Half of these species are currently used for jewelry and the other half do not
seem to be exploited. Our results will allow us to determine if harvesting pressure from the local souvenir
industry is affecting the size of shells, making them smaller than they were in the past. These findings will
also inform natural resource managers of Rapa Nui about the current state of the endemic mollusc fauna,
hopefully leading to education of the local community on the importance of protecting their unique
resources.

Funded by FONDECYT 3160342 and 1140841. We thank CONAF and CODEIPA for sampling permit and logistics, and
Dr. Strong for access to the Rapa Nui collections at NMNH, Washington DC.
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Fossil assemblages help define historic variation in
Caribbean coral reefs, revealing a possible modern
bright spot
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An 8-hectare exposure of a suite of Holocene coral reefs in Caribbean Panama provides an
opportunity to quantify the Historical Range of Variation (HRV) that existed on these reefs before human
impact. We compare the composition of fossil and modern death coral assemblages, and survey data of
living coral communities. Results reinforce the conclusion that most reefs in the region today have
transitioned to alternative stable states, driven by declines in the staghorn coral Acropora cervicornis and
other coral components. Contradicting this region-wide shift, however, we discover one modern reef
whose coral assemblage is contained within the fossil- defined HRV, identifying it as a potential vestigial
reef community. We use these findings to explore how fossil-defined HRV can help better define pre-
human baselines, identify conservation bright spots and develop critical thinking of processes governing the
trajectory of reefs into the future.
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megafauna from the Pliocene to the Anthropocene
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The marine megafauna includes the largest organisms on Earth. Today, human over- exploitation
and habitat degradation threaten these animals, many of which modulate marine food webs and
ecosystem processes. We used to think that the threats that marine megafuauna are experiencing in the
Anthropocene had no precedent. Our research overturns this assumption. Based on a new analysis of the
fossil record, we identify a previously unrecognized extinction event among marine megafauna during the
late Pliocene, a period of great climatic variability and sea-level oscillations. We found that extinction rates
were three times higher during this time than in the rest of the Cenozoic, with 36% of Pliocene genera
failing to survive into the Pleistocene. To gauge the potential consequences of this event for ecosystem
functioning, we evaluated its impacts on functional diversity. Seven (14%) functional entities (unique trait
combinations) disappeared, along with 17% of functional richness (volume of the functional space). The
origination of new genera during the Pleistocene created new functional entities and contributed to a
functional shift of 21%, but minimally compensated for the functional space lost. Reconstructions showed
that from the late Pliocene onwards, the global area of the neritic zone significantly diminished and
exhibited amplified fluctuations. We hypothesize that the abrupt loss of productive coastal habitats was a
key extinction driver. The importance of area loss is supported by model analyses showing that animals
with high energy requirements (homeotherms) were more susceptible to extinction. The extinction event
we uncovered demonstrates that the marine megafauna was more vulnerable to global environmental
changes in the recent geological past than previously thought, and that in the absence of severe
anthropogenic threats, its diversity would likely still be recovering today. During the Anthropocene, human
activities have produced massive defaunation and local extirpations of these animals. How is the functional
diversity of this already vulnerable fauna responding to current threats? What species are most vulnerable
to extinction and are they different from the Pliocene? How would marine megafuanal extinctions affect
the structure and function of future ecosystems? We aim to answer those questions on our current
research.
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Quaternary glacial-interglacial cycles
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Global changes present increasing threats to transitional ecosystems and their biodiversity. Latest
Quaternary sedimentary successions are crucial for acquiring a historical perspective on modern
ecosystems that have been shaped by long-term (glacial/interglacial) climatic oscillations.

This study aims to develop a regional historical perspective by using sediment cores from deltaic
deposits of the Po river sampled within three key time-intervals: (1) Pleistocene interglacial (7125-120 ka),
(2) late glacial (18-14 ka), and (3) present interglacial (< 6 ka). Quantitative analyses (> 600 samples and
~100,000 macrobenthic fossils) suggest that delta-associated benthic communities of “125 ka re-assembled
in the Holocene after the last glacial period. The striking similarity of those two interglacial time intervals is
supported by the strong overlap of non-metric multidimensional scaling (NMDS) outputs and the high
average density of fossils (0.53 and 1.00 spec/cm3, respectively). Moreover, the same dominant mollusc
taxa recur in both time intervals. Specifically, ten out of the twelve most abundant Pleistocene species also
belong to the top twelve Holocene species and the rank abundances of species from two time intervals are
positively correlated (rho=0.60; tau =0.46 p
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Live-dead fidelity of mollusk assemblages in the
Suwannee Regional Reef System, an artificial reef in
Florida, USA
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Artificial reefs are widely used for reef restoration, however, their impact on reef-associated soft-
bottom benthic fauna is not well known. Comparisons between mollusk living assemblages (LAs) and
sympatric (DAs)-surficial shell remains of past mollusk communities have been used to detect temporal
changes in natural reef systems. However, to our knowledge, live-dead fidelity studies have not been
carried out in artificial reefs. Here, we compared mollusk LAs and DAs in the Suwannee Regional Reef
System (SRRS), Gulf of Mexico. The SRRS can be used to explore community changes in well-understood
time frames since reef deployment dates are known. Mollusk LAs and DAs were sampled along transects by
SCUBA at 1m, 10m, 25m, 50m and 75m away from the reefs. In both LAs and DAs, mollusk specimens were
identified to the lowest possible taxonomic level and presence of drill holes was recorded in dead
specimens to explore trends in drilling predation with increasing distance from reefs.

We hypothesized that the soft bottom benthic communities have been impacted by the SRRS over
decadal time scales. We also hypothesized that composition of DAs will not vary with distance from reefs
since they are time-averaged, recording community composition averaged over centennial time-scales.
Composition of LAs were expected to vary along transects, resulting in the live-dead fidelity to increase
with increasing distance from reefs.

Analyses suggest that LAs and DAs are significantly different in terms of most abundant species and
overall faunal composition. Poor live-dead fidelity suggests that the recent shifts in faunal composition of
local mollusk communities are not yet reflected in DAs. LAs are more similar to DAs further away from the
reefs when comparing to sites that are proximal to the reefs, indicating that changes in faunal composition
occur within a limited spatial halo around the reefs. DAs do not separate as proximal and distal in terms of
species composition, recording no evidence of reef impact. Similarly, no distinct trends are observed in
drilling frequency along transects. These findings suggest that the mollusk LAs have been impacted by the
establishment of the SRRS. The DAs appear to primarily predate the reefs and reflect community
structuring prior to reef deployment, thus providing a valuable baseline for the system.
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The temporal dynamics of the Lessepsian invasion in
the SE Mediterranean Sea reconstructed from
sediment cores in a coralligenous substrate
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The opening of the Suez Canal in 1869 removed a long-standing biogeographic barrier and the
largest marine biological invasion commenced. This man-made pathway has facilitated an almost
unidirectional introduction of hundreds of species from the Red Sea into the Mediterranean, the so-called
”Lessepsian invasion”, which has profoundly altered the species composition and ecosystem functioning in
the Levantine Sea.

A major shortcoming in our understanding of the invasion is the lack of data on benthic
assemblages before the opening of the Canal as well as scant information on how the invasion progressed
until the last decades. To reconstruct the pre-Canal baseline and the temporal change of the assemblages
under the pressure of the invasion, we collected an 80-cm-long sediment core at 40 m water depth off Atlit,
northern Israel, in a substrate with coralligenous assemblages. Such substrates isconsidered the most
important Mediterranean marine habitat after Posidonia meadows in terms of biodiversity and
productivity. Eight 1-cm layers were analysed throughout the core targeting shelled molluscs.

The uppermost layer shows a very high shell abundance (“380), in contrast to all other samples (<
100). Accordingly, raw species richness peaks in this first sample (“100); however, when rarefied to equal
sample size, there is no significant variation of species richness down-core. Non-native species are present
until the bottom of the core suggesting either that the lowermost layers do not predate the opening of the
Canal or that there is a considerable degree of sediment mixing. Only three non-native species are
consistently present down-core below 10 cm sediment depth (the gastropods Cerithidium diplax,
Rhinoclavis kochi and the bivalve Transkeia bogii) while the uppermost layer contains five more non-native
species. As in cores collected off southern Israel, these uppermost layers are characterised by sand,
whereas mud dominates below 10 cm core depth.

Core age models are being produced to time-constrain the observed down-core changes in species
composition and structure and quantify the degree of time-averaging.
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Unprecedented increase in size of the bivalve
Corbula gibba driven by the 20th century
anthropogenic impacts in the northern Adriatic Sea
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Corbula gibba is an opportunistic, hypoxia-tolerant bivalve species widespread in the
Mediterranean Sea. We hypothesize that population size structure of this species can represent an
indicator of trophic conditions and ecosystem health in regions affected by anthropogenic eutrophication
and frequent hypoxic events. We test whether present-day populations of this species dominated by the
large-sized individuals (> 10 mm) have analogues in the Holocene record of the northern Adriatic Sea. To
investigate spatial and temporal variability in the body size of C. gibba, we used Holocene death
assemblages from the NW (Po prodelta) and NE Adriatic (Isonzo prodelta and Istria), directly dated with
radiocarbon and amino acid racemization. Surveys of living populations indicate that during the late 20th
century, C. gibba commonly reached sizes > 10 mm at all studied sites, irrespective of the differences in
local productivity and sedimentation rates. Such large size classes are very rare, however, in the Holocene
assemblages exposed to natural highstand conditions prior to the late 20th century. In contrast to stations
at the Po and Isonzo prodeltas, where size distributions in surface death assemblages (from the upper 15-
20 cm of the cores or bottom sediments) resemble those of the living populations, the proportion of large-
sized individuals in Istrian death assemblages remained small. In the latter location, characterized by lower
sediment accumulation rates, the mixing of the late 20th century large-sized shells with much older, small-
sized individuals generates the mismatch between non-averaged (living populations) and time-averaged
(death assemblages) size distributions. Death assemblages off Istria are thus more inert to the late 20th
century changes in the size structure of C. gibba populations compared to death assemblages at sites with
higher sedimentation rates. The stratigraphic shift from right-skewed distributions to bimodal distributions
with high abundance of shells > 10 mm, is a unique feature of the late 20th century and correlates with an
increase in the frequency of hypoxia and delayed recovery of hypoxia-sensitive species — predators and
competitors of C. gibba — in the wake of mass mortality events. Modelling the effects of time averaging on
the shape of size-frequency distributions under varying proportions of normoxic and hypoxic regimes show
that the 95th percentile size of C. gibba can be a reliable indicator of the frequency of past hypoxic events.
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The shallow northern Adriatic Sea formed at the end of the last glaciation by the rising sea level.
Since historical times, it has been strongly influenced by human activities (fishing, coastal development,
pollution, eutrophication), making it one of the most degraded marine ecosystems worldwide. Our study
reconstructs environmental changes and anthropogenic impacts since the onset of the Holocene
transgression using down-core changes in faunal composition as indicators for ecological shifts. Sediment
cores from seven sites in the northern Adriatic Sea were taken with a self-developed piston corer. They are
all about 1.5m long and cover vastly different time spans, ranging from millennia in areas with low- to
centuries in areas with intermediate- to decades in areas with high sedimentation rates. The quantitative
analysis of molluscs, ostracods and foraminifera from these cores, coupled with extensive age-dating of
bivalve shells, reveals major changes of benthic communities during the Holocene transgression. They are
related to 1) the rapidly rising sea level (until ca. 6000 y BP), 2) natural environmental changes under more
or less stable sea level until a few hundred years ago, and 3) major changes over the past centuries, with
distinct amplification in the 20th century that we attribute to strong human impact. The micro- and
macrofauna show similar responses to natural environmental changes during the Holocene transgression
and confirm eutrophication, overfishing and oxygen depletionas the most important anthropogenic drivers
of community shifts in the 20th century. Therefore, in the uppermost core intervals taxonomic and
functional richness decline significantly, which is associated with a drop in epifaunal species and an increase
in deposit-feeding and chemosymbiotic species. These changes are associated with rising concentrations of
nitrogen and organic pollutants. Distinct epifauna assemblages, characterized by bioherms of filter-feeding
organisms, developed only at certain periods and in certain regions of the study area with low
sedimentation rates. A conspicuous oyster bottom is also visible in our sediment cores and on historical
maps of the region, but due to the extensive use of destructive fishing gear it has meanwhile totally
disappeared. Our results will help establish realistic baselines for restoration efforts for such richly
structured epifauna.
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Variation of benthic foraminiferal assemblages from
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The opening of the Suez Canal in 1869 connected the Mediterranean Sea with the Red Sea,
breaking a long-standing biogeographical barrier. Since then, it has allowed the introduction of organisms
(Lessepsian invaders) from the Red Sea into the Mediterranean Sea. These include benthic foraminifera,
which are ubiquitous and abundant in the shallow waters of the Mediterranean Sea. Knowledge on native
communities and non-native species in the Eastern Mediterranean Sea is very scant and dates back to a
couple of decades only, thus encompassing only a fraction of the Lessepsian invasion process. Indeed, small
sized organisms such as foraminifera have long been overlooked even more than other organisms
contributing to the lack of historical background knowledge. Such lack of knowledge on the baseline
foraminiferal communities and their change under the pressure of the Lessepsian invasion hinders our
understanding of the invasion process, its progress and the impact of the non-native species on the
ecosystem.

To overcome this problem, we analysed a sediment core collected off Atlit (Northern Israel) at a
water depth of 40 meters in 2016. The sampling site is characterized by the presence of biogenic structures
built by coralline algae. The entire core (80 cm length) was cut in 1-cm-thick slices and the total
assemblage of foraminifera (> 125 um) was determined every 5 cm. The sediment composition of the core
is characterized by a distinct greater proportion of coarser sediments in the top 10 cm, consistent with a
similar shift in sediment structure observed in cores collected at other sites in Israel.

The assemblage in the lower (older) part of the core shows a high diversity of porcellaneous and
calcareous species, among which the calcareous species Asterigerinata mamilla, Elphidium crispum and
Planorbulina mediterranensis dominate. In the top 10 cm of the core, the more recent assemblage shows
an altered community structure, lower total abundances and the presence of non-native species in
comparison to the lower core region. The two dominant non-native species are the larger benthic
foraminifera Heterostegina depressa and Amphistegina lobifera, which thrive on hard substrate with
sufficient light conditions. The introduction of Lessepsian species and the changes in substrate drove an
overall shift of the foraminiferal assemblage.
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Mediterranean shelf — a molluscan live-dead
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The ‘Lessepsian invasion’ — the massive influx of tropical Indo-Pacific biota into the Mediterranean
Sea via the Suez Canal —is the largest marine biological invasion and a major threat to native biodiversity.
The lack of data on pre-invasion community composition, however, severely impairs our understanding on
how the taxonomic and functional composition of shallow-water assemblages has been affected by the
invasion, and the impact it had on native populations. Shelly death assemblages (DAs) encountered in
surficial sediments represent a unique archive of past community states that enable overcoming this
impediment. This is because they change more slowly (10-10,000 years) than the corresponding living
assemblages (LAs; yearly scales of turnover). Strong and rapid directional changes - such as those due to
human activities - are therefore not immediately captured by DAs, leading to a greater live-dead (LD)
mismatch than expected due to natural processes alone. We analyzed and compared molluscan LAs and
DAs collected along depth transects from 10 to 40 m in the SE-levantine Basin off southern and northern
Israel. Samples were taken in spring and autumn from soft substrates ranging from fine sands to mud.
Autumn LAs were dominated by Lessepsian taxa, both in terms of species richness (up to 60 % species) and
abundance (up to 90 % of individuals) at almost all stations, while non-native individuals were less
prevalent in spring. High LD-dissimilarity in taxonomic composition (Jaccard-Chao index) and low rank-order
agreement of species relative abundances (Spearman’s rho) suggest a strong and recent community shift.
Species contributing most to LD- mismatch were either native species characterized by higher abundances
in DAs or Lessepsian taxa more abundant in LAs. LD-differences in the proportions of trophic guilds were
marked at several stations, including, e.g., a shift from a suspension feeder- to a micrograzer-dominated
assemblage at 40 m depth off southern Israel; the reverse trend was observed at the 30-m-station of the
same transect. Our comparison of LAs with DAs that still retain the signal of pre-impact assemblages
highlights the magnitude of the Lessepsian invasion and its potential to alter the functional properties of
shallow water ecosystems in the Levantine Basin.
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Horses and elephants through time, and the
dispersal paradox

Pascal Tassy*
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Time and space are fundamental concepts at the core of paleontological thinking. The connection
between both concepts remains partly conflictual. The arrow of time is the basis of stratigraphy, and
dispersal is the basis of that part of biogeography called chorology. Horses and elephants are here chosen
to illustrate the paleontological treatment of these concepts. During the 19th century since Albert Gaudry
(1866) family trees of horses coexisted with phyletic gradualism. In 1893 Karl Zittel added to the tree the
geographical dimension with active dispersal at the genus level. The shape of Zittel’s tree remained the
same during the 20th century culminating with George Gaylord Simpson’s tree in an ecological context
(1951). Dispersals of proboscideans were also the key explanation to elucidate the past distribution of
elephants and relatives. Dispersals did occur, indeed. For example, numerous dispersals through the Bering
land bridge since circa 15 Ma are among the most dramatic examples implicating gomphotheres,
mammutids, amebelodontids, up to Pleistocene dispersal of mammoths. Yet, since dispersals explain any
kind of distribution they can also logically be held as ad hoc hypotheses. As a consequence the status of
such hypotheses is rather vague while, on the contrary, geographic arrows put on maps are very evocative.
Arrows not only point to connection but also to direction, polarity. They are the best tool to demonstrate
the efficiency of dispersals. It can be surmised that such arrows display more paleolocality geography than
paleobiogeography. But at the end of the analysis, arrows — as solid tools — appear to depend firstly on
phylogenetic trees.
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Anatolia: a crossroads between Africa and Eurasia
for elephants and mammoths?
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Elephantids are among the most popular and iconic of animals, and one of the best examples of
mammalian evolution with their extensive speciation and traceable morphological changes. They are also
valuable for correlation of Plio-Pleistocene deposits for having undergone rapid evolution over a wide
geographical area. The record of fossil elephants of different evolutionary stages in Anatolia spans from
Pliocene to Holocene times. Primitive mammoth specimens with low plate numbers and lamellar
frequencies from Turkey were from Yukaris6giitonu (western Anatolia) and may provide evidence of
transition from M. rumanus to M. meridionalis. The fossil remains from Zengen (southern Anatolia), Ladik
(northern Anatolia) and Denizli (western Anatolia) were identified as M. meridionalis as all these specimens
have metrical and occlusal features typical for this species. Specimens from Dursunlu (middle Anatolia) and
Suluova (northern Anatolia) were identified as M. trogontherii. The Dursunlu sample may be considered as
a meridionalis [trogontherii transitional assemblage because of the metrical features of the mammoth
specimens. In this case this could be evidence for the migration of M. trogontherii from Asia to Europe,
and/or may represent an important meridionalis [trogontherii assemblage in Europe. Another interesting
specimen is a mandible from the locality Kale Tepe-3 (middle Anatolia). With its plesiomorphic features and
enamel pattern of m2s and m3s, this jaw documents one of the most primitive elephantids out of Africa
and can be attributed to E. cf. planifrons, which makes it the most westerly known specimen of this lineage.
Elephas maximus sub-fossil remains from Gavur Lake Swamp (southeastern Anatolia), dated to mid-fourth
Millennium BP, represent the most westerly specimens of ancient Asian elephant. This locality is probably
the most important Holocene elephant site in the region as the assemblage represents a large population.
Because of its geographical location, Anatolia was central for the dispersal of elephantids between Africa,
Asia, and Europe. Even if the fossils of different evolutionary stages from Anatolia are fragmented,
scattered, and often lacking stratigraphic information, they have the potential to enlighten topics ranging
from the evolution of early mammoths out of Africa to the past distribution of the recent Asian elephant.
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early evolution of lagomorphs
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The ongoing study of the vertebrate taxa collected in the Late Eocene-Early Miocene composite
sequences of Ulantaatal and Saint Jacques (Inner Mongolia, China) led to the discovery of large-sized early
lagomorphs, whose dental morphological traits resemble those of family Leporidae. The high temporal
density of sampling localities, abundance of remains, and long time span covered, allowed a detailed study
of the evolution of such lagomorphs.

Some of the lagomorph species individuated in Ulantaatal and Saint Jacques pertain to the genus
Ordolagus Burke 1941, others will be included in a new genus. The evolution of both genera could be
followed since the latest Eocene. In the case of the new genus, it was possible to spot the transition
between the rooted condition and the hypselodont one. The clade represented by the Ordolagus lineage +
the new genus lineage probably originated from the Middle Eocene Asian genus Gobiolagus Burke 1941,
and persisted at least through the Early Oligocene.

Very interestingly, convergent features were attained in dental elements of each lineage through
time (large size, loss of dental roots, acquisition of additional elements on p3 occlusal surface). Even more
interesting was to observe the difference in the achievement of such convergent features (modality of
hypselodonty attainment, and different genesis of “leporine” lower molariform pattern).

Other leporine-like taxa appeared in late Early Oligocene. Evaluations are still ongoing to determine
if some salient features (large size, hypselodonty, trigonid and talonid of lower molariforms connected
lingually, lingual flexus in upper molariforms) developed in parallel with those of North-American leporids,
as occurred in the above mentioned, older taxa, or if we are dealing with an actual late Early Oligocene
dispersal of leporids from North America.

We envisage: (1) a careful evaluation of the phylogenetic relationships of Asian leporine taxa with
respect to North American Leporidae, (2) a re-evaluation of the possible palaeobiogeographical scenarios
(dispersal vs. evolution in loco), and (3) the individuation of the factors which triggered, at certain definite
moments (latest Eocene and possibly late Early Oligocene), the appearance of convergent morphological
characters in very distant lineages of lagomorphs.
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Caviomorph rodents represent one of the most successful groups of placental mammals from South
America. Despite their modern and Neogene high diversity, the early evolutionary history of caviomorph
rodents has long remained obscure. Until recently, the majority of Paleogene caviomorph assemblages has
remained from middle (9/20) and high latitudes (7/20) of South America and only few are known from
lower latitudes (4/20). Recent field expeditions in Peruvian Amazonia have led to the discovery of 18 new
caviomorphs-bearing localities in the regions of Contamana and Tarapoto. They document three South
American Land Mammal Age of the Paleogene: Barrancan (late Middle Eocene; Contamana), Tinguirirican
(Early Oligocene; Tarapoto) and Deseadan (Late Oligocene; Contamana). These new fossils highlight the
early paleobiogeography history of caviomorphs. The systematic study reveals the presence of 52 taxa
including 17 new species. The late Middle Eocene localities yield the earliest representatives of the group.
In these localities, the low taxonomical diversity, associated with a low morphological disparity including
taxa that harbor very primitive dental features, reminiscent to those observed in coeval Old World
hystricognaths, suggest that a short time range of caviomorph evolutionary history had undergone in South
America prior the emergence of these rodents. A cladistic assessment with 513 cranio-dental characters
and a comprehensive taxonomic sampling (107 taxa) including most families of the four superfamilies (i.e.,
Cavioidea, Erethizontoidea, Chinchilloidea, and Octodontoidea) was undertaken. For the first time, several
stem Caviomorpha were recognized. Low latitudes of South America are thus viewed as the first diversity
hotspot of early caviomorphs. A second radiation would have occurred during the Late Eocene— Early
Oligocene and would correspond to the emergence of the four superfamilies. At this time, caviomorphs
would disperse towards the middle and high latitudes. The geographic origin of modern superfamilies
remains somewhat ambiguous, except for chinchilloids which would emerge in low-latitude regions. It is
noteworthy that these two Paleogene diversification phases were contemporaneous with global climatic
events and intense Andean uplift events. Finally, several late dispersals between regions at low, middle and
high latitudes were highlighted during the Oligocene and Miocene.
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The phylogeny of early Eocene perissodactyls and
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Perissodactyls are nowadays known by horses, rhinos and tapirs. They suddenly appeared 56 Ma
ago during the Paleocene-Eocene transition in the whole Northern hemisphere, but the hypothesis of an
Asian origin is generally favored. The basal phylogeny of perissodactyls remains uncertain, but the revision
of the European material brings new information about the phylogenetic affinities of the first European
forms. Here we present a phylogenetic analysis of the early Eocene perissodactyls, including
representatives of Equoidea, Ceratomorpha, Brontotherioidea and Chalicotherioidea. This analysis is based
mostly on dental characters as cranial and postcranial information is lacking for the large majority of basal
perissodactyls. The phenacodontid condylarths Tetraclaenodon, Phenacodus and Ectocion were set as
outgroup. The parsimony analysis suggests that Radinskya and Cambaytherium are stem perissodactyl, and
the European genus Hallensia appears closely related to cambaytheres. Their resemblances, such as a
primitive bunodont morphology, would indicate a dispersal from India to Europe during the early Eocene.
Pliolophus quesnoyensis and Pliolophus barnesi are sister taxa, and are found in a basal position within the
perissodactyls, as Cymbalophus cuniculus. Equoidea appears paraphyletic. Brontotheres are nested within
the paleotheres, but this could be due to their derived dental morphology. Pachynolophids form a
monophyletic group including Propachynolophus and Pachynolophus. A tapiromorph clade is found,
including tapirs, rhinos, chalicotheres, lophiodontids and isectolophids. Chalicotheres and lophiodontids are
found sister-taxa. The Isectolophidae are found monophyletic, and include Chowliia sp. nov. from Le
Quesnoy (France), the only known European isectolophid. Isectolophids are present in the entire Northern
hemisphere as early as the earliest Eocene, thus indicating an early dispersal, probably from Asia, to Europe
and North America. This analysis confirms the resemblances of some Indian and European perissodactyls or
stem perissodactyls. It also indicates that a quick radiation and several dispersal events occurred between
Holarctic continents during the early Eocene.

' Speaker
' Corresponding author: constance.bronnert@mnhn.fr

264



S11 // Oral
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During most of the Cenozoic, South America was isolated from other continents and harbored an
endemic mammalian fauna. Continental isolation ceased during the late Neogene, when the Isthmus of
Panama established a land connection between the Americas and facilitated migration between the two
continents, an event known as the Great American Biotic Interchange (GABI). Terrestrial mammals have a
rich fossil record in both continents that serve to characterize diversity and migration patterns. The GABI
was initially taxonomically balanced, with a similar number of North and South American lineages
participating in the early stages of the interchange. However, Pliocene and Pleistocene records document
an increase in the proportion of North American over South American derived mammals, which has been
hypothesized to be the result of competitive displacement, ecological replacement, or differential
predation. In addition, it has been acknowledged that environmental changes and geographic distributions
affected the diversity and migration dynamics during the GABI. However, there is a bias in the mammal
fossil record towards higher latitudes that challenges earlier research, as the patterns observed in the fossil
record of extra-tropical regions cannot be extrapolated to the whole continent. Here, we present new
paleontological studies that document the mammal fauna from northern South America during the GABI.
The Pliocene and Pleistocene faunas are characterized by the predominance of taxa with a South American
origin, despite their proximity to the Isthmus of Panama. In contrast, contemporaneous faunas from higher
latitudes (i.e., in the southern cone) show a higher proportion of taxa with a North American origin,
suggesting that biotic interactions and environmental differences influenced the timing and distribution of
migrants.
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deposits of North Anatolian Fault Zone: implications
on age, paleoenvironment and dispersal in Anatolia
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Anatolia has constituted a gateway between Europe, Asia, and Africa-Arabia since the Paleogene, as
documented by the paleobiogeography of small and large mammals. Furthermore, moderate climatic
oscillations in the area during the Quaternary minimised the extensive loss of species diversity and
provided a refuge for many immigrant mammalian groups.

Neogene tectonic evolution of Anatolia formed wide and significant mountain ranges and
numerous basins where both acted as barrier/refuge environment. In contrast, North Anatolian Fault Zone
(NAFZ) which constitutes the transform boundary between the Anatolian and Eurasian plates, controlled
the evolution of narrow basins from the Late Miocene to the Pleistocene and provides a continuous
sedimentary record. NAFZ is a key area for discovery of late Cenozoic mammals which would ensure a
better understanding of regional geological history, permit a refined chronology and allow for correlating
dispersal events.

Following these hypotheses, the exploration of Niksar, Suluova and Tosya basins from East to West
was undertaken for collecting fossil miccomammals. Rodent assemblage from the Umurlu locality in the
Niksar Basin (e.g. Arvicola mosbachensis, Microtus arvalis, M. arvalidens, Clethrionomys cf. glareolus,
Apodemus flavicollis, Mesocricetus cf. brandti, Cricetulus migratorius, Nannospalax cf. xanthodon) provides
so far the youngest age of these adjacent basins, as early Toringian. The stratigraphic position of Yolpinar,
Kizile"grek and Kerimo“glu localities in the Suluova Basin, ranging from late Villanyian to Toringian are
refined based on Mesocricetus, Arvicola, Microtus, Apodemus species. In addition, the basin stratigraphy
underlines a complex basin evolution from closed to open, and the presence of fish teeth indicates an early
Biharian paleo-lake. Finally, localities such as Ortalica (1-2), Sapaca-Karasapaca and Kumkapi situated in the
NE and SW parts of the Tosya Basin span the late Ruscinian—early Toringian, based on root condition of
arvicolids (i.e. transition from Pliomys, Mimomys to rootless Microtus).

In conclusion, we aim to provide a biostratigraphic framework for the Pliocene—Pleistocene interval
besides a pattern for diversity changes and possible dispersal events of key taxa throughout Europe, the
Balkans and Anatolia. The contribution to poorly known small mammal fauna from the mentioned interval
in Anatolia may offer considerable inputs in a paleobiogeographic perspective at the Eurasian scale.
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Yushe Basin, China: Late Neogene biogeographic
affinity at temperate latitude
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_  The fluvial deposits of Yushe Basin contain multiple fossiliferous horizons that show the succession
of terrestrial faunas in eastern Asia since the late Miocene. The 800 meter biostratigraphy has
magnetostratigraphic temporal control. Chron C3An age fossils document the late Miocene (MN13
equivalent) of the area, and superposed assemblages represent early and late Pliocene faunas in the same
basin. These are succeeded by an early Pleistocene assemblage constrained to Chron C2r. In the history of
paleontological exploration of China, Yushe was important because it demonstrated superposition of Equus
over Hipparion faunas. The terrestrial vertebrate faunas of Yushe are quite similar to their counterparts to
the west at the same ~ 400 N latitude. Associations are dominated by hyaenids, suids, cervids, bovids,
equids, and megaherbivores. Important appearances include canids, camelids, Ursus, Bison, and Equus.
There are some characteristically East Asian genera like Sinomastodon and Proboscidipparion, but the
Yushe fauna in the late Neogene is basically a Palaearctic fauna. Similarly for microfauna, biogeographic
affinity of Late Neogene assemblages with faunas to the west is high at the genus and tribe level. Diverse
leporid, squirrel, beaver, hamster, vole, and mouse assemblages resemble western faunas at the genus
level, but species differences indicate that distinct lineages evolved in the two areas. Given no evidence of
vicariance, divergence after dispersal seems likely. Other than the minor species differences in most higher
taxa, characteristic East Asian elements (moles, pikas, zokors, and bamboo rats) distinguish Yushe Basin
microfaunas from those at the same latitude of western Asia and Europe.
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Is the enigma of the origin of the bear dogs
(Mammalia, Carnivora, Amphicyonidae) resolved?

New evolutionary and paleobiogeographic scenarii
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Amphicyonidae, also known as ‘bear dogs’, represent an emblematic group of extinct mammalian
terrestrial predators. They were abundant in Laurasia and Africa from the Eocene up until the end of the
Miocene. The considerable morphological disparity and the wide geographic distribution of amphicyonids
make their evolutionary history difficult to reconstruct. Even after 150 years of study, the phylogenetic
affinities of bear dogs within Carnivora are still debated. In the past, Amphicyonidae have been considered
as closely related to either Canidae or Ursidae, but most recent phylogenetic analyses found them as either
the sister-group of the Arctoidea or at the base of the Caniformia. However, none of these studies has ever
included both European and North American amphicyonids (with the exception of the oldest European
genus Cynodictis).

The present work provides a revision of the morphology and systematics of several carnivores from
the Paleogene of Europe. They are included into an updated taxon/character matrix that contains 252
osteological characters and 46 carnivoraformes species. Our results (maximum parsimony) suggest a novel
hypothesis: Amphicyonidae is not monophyletic and is actually composed of: (1) European amphicyonids,
which form the sister-group of all Caniformia and (2) North American amphicyonids, which are the sister-
group of Canidae. In the light of these results, we propose to rename these two clades: (1) Amphicyonidae
and (2) Daphoenidae. European amphicyonids retain more plesiomorphic characters than daphoenids. This
clashes with chronology, as their oldest occurrences date from the late Eocene, while daphoenids are
documented earlier in the middle Eocene of North America. Nevertheless, our Bayesian
palaeobiogeographic analysis advocates for an exclusively Eurasian history for Amphicyonidae and refutes a
North American origin. Consequently, and contrary to what was previously thought based on the
morphological similarities between early caniforms and the ‘miacids’ from the Eocene of North America,
Caniformia have an Asian rather than North American origin. One crucial taxon is likely to strengthen our
hypothesis: Miacis thailandicus from the middle/upper Eocene of Thailand. This taxon possesses several
caniform synapomorphies and its inclusion within paleobiogeographic analyses will likely provide further
support for an Asian origin of Caniformia.
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Mongolia and the Asia-Europe connection during
the Oligocene
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In the frame of Mongolian-Austrian projects, a very precise biostratigraphic work has been realized,
including radiogenic dating and correlation with European ages. No less than eight paleontological missions
have been carried out between 1995 and 2012. Studying the ruminant collections from Mongolia, new
biostratigraphical and evolutionary scenarios are available for these mammals.

The Ardyn Obo Formation (probable late Eocene, Mongolia) contains a very diversified ruminant
fauna (including Miomeryx altaicus, Lophiomeryx angarae, Lophiomeryx sp.2 large, Praetragulus gobiae,
Gobiomeryx dubius). Praetragulus gobiae, Gobiomeryx dubius, and a larger species of Lophiomeryx (L. cf.
chalaniati) are also known in younger deposits from the Hsanda Gol Formation (Oligocene, Biozone A and
B, Mongolia). The ruminants may not have been as affected by the “Mongolian Remodeling” that occurred
at the Eocene-Oligocene transition as were other mammals. Similarly to Europe, the early Oligocene
ruminant fauna is dominated by Tragulina, even if Pecora-like ruminants exist in both areas (Gelocidae in
Europe and "Eumeryx ” in Mongolia). Lophiomeryx mouchelini is simultaneously present in both regions.

The ruminant fauna from Europe and Mongolia experienced a remodeling at the end of the early
Oligocene. Around 29 Mya, a speciation event occurred in Europe due to environmental changes after the
”Bachitherium dispersal event”. Nevertheless, the European ruminant fauna is still dominated by Tragulina.
In Mongolia, ca. 28 Mya, the ruminant fauna is only composed of Pecora (including Prodremotherium and
Dremotherium -like species). This deep remodeling seems to be linked to strong environmental changes
toward more arid environments in Mongolia. First hypsodont ruminants and larger ruminants occurred.
Palaeohypsodontus is known in Mongolia, Pakistan, China, and Turkey at ca. 26 Mya only.

During the latest Oligocene, synchronous faunal turnovers are observed in Europe and Mongolia.
The “Microbunodon Event” in Europe shows the total renewal of the European ruminants at the family
level with the appearance of Dremotherium -like species. The ”Late Oligocene Extinction Event” in Mongolia
characterizes a deep faunal remodeling. At ca. 25 Mya, MP28 Prodremotherium elongatum is known both
in Mongolia and Europe, while Dremotherium -like ruminants may originate from Asia.
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The Harvard-Geological Survey of Pakistan Siwalik Research group continues to study fine- scale
patterns of faunal change within and across mammalian groups and to explore abiotic and biotic causes of
evolutionary change in the rich Neogene terrestrial record of the Potwar Plateau. One focus has been the
faunal response to the development of C4 grasslands between 8 and 6 Ma when many forest-dependent
taxa became locally extinct and the number of grazing taxa increased. Here we extend our work to
investigate a major turnover that occurred within the ungulates during the early Late Miocene
(perissodactyl megaherbivores excluded from analysis). While overall ungulate species diversity remained
around 20 species, only two species present at 11.4 Ma persisted at 10.1 Ma. During this same interval, less
taxonomic change occurred among both the small-mammal and megaherbivore taxa. Two other
characteristics of the fauna change during the same time interval. Ungulate families Equidae and
Palaeochoeridae arrived in the Potwar Plateau, and the size structure of the artiodactyl guild expanded.

Evidence for environmental change during the early Late Miocene is drawn from Siwalik faunal and
sedimentological structural and geochemical indicators as well as regional and global climatic signals.
Between 13.5 and 10.0 Ma, a small but measurable decrease in average stable carbon isotope values of
enamel across artiodactyls suggests that average 8"°C values of consumed C3 plants decreased during this
time. This decrease may be related to changes in atmospheric CO, and/or in local and regional habitats.
Two large consecutive eccentricity cycles centered around 10.75 and 10.65 Ma likely generated prolonged
periods of extreme weather that affected local environments. Increased annual seasonality and greater
variation on decadal to centennial time scales may have created conditions favorable to the probably more
open-habitat tolerant equids that appeared at 10.8 Ma. Direct or indirect competition for resources may
have been a factor that selected for larger body size or a greater range of size within artiodactyl families.

The Siwalik fossil record provides an important biogeographic dataset for Neogene fossil sequences
and localities in Europe, Africa, and Asia. Current evidence suggests that few early Late Miocene ungulate
taxa in the Siwaliks originated in eastern Asia; newly appearing species either immigrated from the west or
evolved within the Indian subcontinent.
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Past migration patterns toward and within the Philippine archipelago remain a widely unsolved
issue. Nowadays, a West-East main flow from Borneo via Palawan Island seems to be preferred by scholars
while older studies were favoring a North-South way from China via Taiwan — this latter island being
connected to the continent during some glacial periods whereas islands of the Philippine Archipelago never
were. While the recent description of a tiger phalanx in uppermost Pleistocene sediments of Palawan is
likely to feed the first hypothesis, the discovery of a canine fragment of Celebochoerus in the Cagayan
Valley, North of Luzon Island, rejuvenated the second hypothesis, prolonging the North-South route to
Sulawesi. Nevertheless, the fragmentary status of these fossils precludes any robust phylogenetic
constraint to be proposed for testing such alternative hypotheses thus far. An almost complete skeleton of
the controversial "Rhinoceros philippinensis von Koenigswald, 1956” was recovered in 2014 from early
Middle Pleistocene sediments of the Cagayan Valley. In order to constrain the taxonomic assignment and
phylogenetic affinities of this species and then to test potential migration patterns, a parsimony analysis
was performed on 30 terminal taxa (including all recent rhinoceroses and valid representatives of
Rhinoceros, either living or extinct) and encompassing 277 cranio-mandibular, dental, and postcranial
characters. The topology of the strict consensus tree confirms the referral of ”R. philippinensis ” to a
rhinocerotine closely related to Rhinoceros and it further allows for considering it as a valid species.
Moreover, based on dental features, “R.” philippinensis is retrieved as sister taxon to R. hayasakai, from the
Early Pleistocene of Taiwan. Given the taxonomic sample considered and the regional tectono-eustatic
context, the presence of this rhinocerotid in early Middle Pleistocene deposits of Luzon Island would be
consistent with a dispersal from mainland Asia via Taiwan, most likely during the Early Pleistocene. During
this time interval, global climate was cooler than present and constrained by 41 kyr orbital cycles. Sea levels
were lower than today, varying up to 130 m, although the Philippine archipelago remained unconnected to
mainland Asia. This study is the very first robust analysis of migra tion patterns to the Philippines and as
such it provides insights for other terrestrial mammals, including humans.
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The Mammuthus -Coelodonta faunal complex was the most widespread continental fauna on the
earth, whose maximum extension covered almost all of the middle and northern part of Eurasia during the
Late Pleistocene (MIS 5d-2), and some elements of the faunal complex even dispersed to North America.
The prime time of the faunal complex was from late Middle Pleistocene to Late Pleistocene. The most
important members of the faunal complex are woolly mammoth (Mammuthus primigenius), woolly rhino
(Coelodonta antiquitatis) and steppe bison (Bison priscus). New fossil records show that the
aforementioned species can be traced back to the Early Pleistocene Fauna from Nihewan Basin in northern
China, where the joint occurrence of ancient Chinese bison (Bison palaeosinensis) with steppe mammoth
(Mammuthus trogontherii) and nihewan woolly rhino (Coelodonta nihowanensis) marked the appearance
of the early forms of the Mammuthus -Coelodonta faunal complex. In recent years, a quantity of such kinds
of fossils has been unearthed at the Shanshenmiaozui Site in Nihewan Basin.
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The Altiplano formed a broad Cenozoic inverted sedimentary basin (> 200 km wide) with up to 8 km
of fluvio-lacustrine filling in various sub-basins. This work is focused on the Corque basin which recorded
evolution of the central Altiplano and Neotropical terrestrial mammalian assemblages during the late
Neogene. Indeed, this area is inferred to have experienced a rise from ~1,500 to 4,000 m, between ~10
and 6 Ma. Paleoclimates rapidly changed from warm climate at 10 Ma, with a mean annual temperature
(MAT) ~20°C, to the current highland climate (MAT "8-9°C). These series yielded both rich land mammal
assemblages essential for late Neogene biochronology and interbedded volcanic tuffs ranging a ~10-2.8
Ma interval, marked by drastic faunal changes by the Miocene-Pliocene transition. A multidisciplinary study
of late Neogene deposits from the Corque basin near the village of Pomata allows for describing the
sedimentary evolution, refining chronostratigraphy through Ar/Ar datings of interbedded volcanic tuffs,
and implementing the corresponding fossil record. The studied section encompasses the Totora, Pomata,
and Mauri Formations, with 15 interbedded volcanic tuffs suitable for dating. The Totora Fm is mainly
composed of continental fine-grained sediments yielding desiccation features indicating temporary
emersions and some palynomorphs in finest sediments. Paleoenvironments correspond to ephemeral
braided streams and lakes. In the channels, eastward paleocurrent directions indicate that sediments came
from the Cordillera Occidental. The Pomata Fm begins few meters above an index volcanic tuff that crops
out over the whole basin and consists of mud or sand-supported mass flow deposits yielding numerous
terrestrial mammal fossils. The most conspicuous taxa are the mesotheriid notoungulate Plesiotypotherium
achirense and new echimyid and caviid rodents. The upper surface of the Totora Fm, eroded, corresponds
to an angular unconformity underlying the Mauri Fm. The latter starts with an index volcanic tuff (Toba 76;
5.34 +/- 0.003 Ma) and corresponds to four thinning upward fluvial sequences, each one starting with
cross-bedded conglomerates/coarse-grained sandstones, passing upwards into fine-grained argillaceous
sandstones. In these southward-flowing deposits, we recently found a new nothrotheriid ground sloth,
Aymaratherium jeani. The erosion of previous units and the change in transport direction may be related to
a major phase of relief growth.
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First partial cranium of the Hyaenodon type species, H.
leptorhynchus (Mammalia, Hyaenodonta) -
consideration on the niche partitioning of the
European carnivorous mammals during the Paleogene
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Hyaenodon leptorhynchus is the type species of the taxonomically diverse and widely distributed
hypercarnivorous genus Hyaenodon (Hyaenodonta, Eocene-Oligocene). Unfortunately, its cranium was
unknown thus far.

We described the first partial cranium based on a specimen that has been discovered in
fossiliferous deposits from the Séon Saint-André (Marseille, France; Chattian, MP26). This discovery is only
the second report of this species in the early Chattian, filling a period of 2.5 My (from MP25 to MP26);
indeed, only one occurrence (Rigal-Jouet, MP25) was reported until now for this period.

The specimen is preserved in a red marl matrix that does not allow the description of key
morphological characters. Therefore, CT-scan was used to reconstruct the hidden parts of the specimen.
The general morphology of the cranium reinforces the homogeneity previously observed in Hyaenodon
despite its specific diversity. The fossil corresponds to a juvenile: it preserves its deciduous canines, and the
P3 is almost fully erupted. For the first time the dental eruption pattern of the upper teeth is described for
this species. Timing of dental eruption is similar to all known Hyaenodon species reported from North
America and Europe at this ontogenetic stage.

Based on the body mass and general Hyaenodon body plan, we strongly suppose that H.
leptorhynchus was a cursorial hypercarnivorous predator, hunting small prey such as small artiodactyls.

In order to understand the evolution of the ecology of Hyaenodon in Europe, we analyzed its
taxonomic diversity during the Eocene and Oligocene and paid attention to the body mass of its
representatives. We have compared these data with those of the Amphicyonidae (Carnivora, Caniformia)
because these carnivorous mammals appeared almost at the same time as Hyaenodon in Europe. This
comparison allows having a brief look and a first impression on the structure of the European carnivorous
guilds and on competition dynamics in this particular type of niches during the Eocene and Oligocene. The
diversity of Hyaenodon in size (from 4 to 50 kg) and morphology indicates that this genus was an important
component of the European ecosystems. However, while the Amphicyonidae diversified and increased in
size during this period, Hyaenodon remained stable in terms of size and species richness until its extinction
(MP30).
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Dental structures and microwear reveal mosaic
diversity and disparity of euharamiyidans in the
adaptive radiation of mammals during the Middle-
Late Jurassic
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Paleoanthropology, Chinese Academy of Sciences (IVPP) — China
? Department of Biology, Indiana University of Pennsylvania — United States
* Division of Paleontology, American Museum of Natural History (AMNH) — United States

Haramiyida and Multituberculata may be grouped into Allotheria, an extinct group of mammals
that are characterized by a unique dental morphology in which the molar has two longitudinal rows of
cusps and the jaw movement in chewing consists of a palinal component. Multituberculates have a good
fossil record so that their tooth occlusal pattern has been well known. In contrast, haramiyidans have been
known mainly from isolated teeth, and their tooth identification and occlusal pattern remain equivocal.
Recently, six genera of haramiyidans, represented by craniodental and skeletal material, were reported
from the Jurassic Yanliao Biota of China. These discoveries have revealed a high species diversity and
morphologic disparity in haramiyidans that lived in Jurassic forests. Associated dentitions of these species
cast light on tooth identification and occlusal patterns that were previously inferred from isolated teeth.
However, controversial views have emerged about tooth occlusal patterns among the Yanliao
haramiyidans, which affect our understanding of the haramiyidan diversity, evolution, and phylogeny.
Using scanning electron microscopy and computed tomography, we have obtained detailed morphologies
and wear patterns from dentitions of individual animals that belong to Shenshou, Xianshou, and
Arboroharamiya. The wear features show unequivocal occlusal relationship. We recognize at least three
basic occlusal modes in haramiyidans, represented by Shenshou, Arboroharamiya, and Maiopatagium,
respectively, and compare them with those of multituberculates and other mammals. If interpreted
correctly, Maiopatagium pattern appears to be the most primitive one of the three, although
interpretation of the evolutionary transformation from this pattern to others remains difficult. In contrast,
the occlusal pattern of Shenshou is more primitive than that of Arboroharamiya (including Vilevolodon),
and we consider the latter to be readily derivable from the former. These patterns reflect fundamental
tooth morphological differentiations that represented adaptation to various diets in forestry ecosystems
and show mosaic evolution of allotherians in a major adaptive radiation of mammals during the Jurassic. As
tree dwellers, the extinction of haramiyidans was possibly attributable to the change from gymnosperm-
dominant forests to angiosperm-flourished ecosystems during the Jurassic—Cretaceous transition.
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Important gaps in the fossil record of Paleogene
hystricognathous rodents revealed by dental
morphology-based phylogeny of taxa from Asia and
Africa: paleobiogeographical implications
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Modern African cane-, dassie- and mole-rats, Afro-Asian porcupines, and South American
chinchillas, guinea pigs, spiny-rats, etc., make up the natural group of the hystricognathous rodents
(Hystricognathi Tullberg, 1899). The hystricognathy is described on their lower jaw, which shows the origin
of the angular process distinctly lateral to the plane of the incisor alveolus (contra the same plane in all
other rodents = sciurognathy). A suite of morpho-anatomical traits (notably dental) and genetic data also
define hystricognathous rodents. Hystricognaths share a common ancestry with modern African gundis or
Ctenodactylidae (sciurognaths), both forming the suborder Ctenohystrica. From a paleontological
perspective, the origin of hystricognaths, as that of gundis, can be traced back to the Eocene of Asia, as
they are both nested within the Asian “ctenodactyloid” radiation, also including other extinct sciurognaths
such as the Eocene Chapattimyidae, Yuomyidae, Tamquammyidae, Gobiomyidae, and the extant
Diatomyidae. Although phylogeny implies Asia as the ancestral homeland of Hystricognathi, curiously the
oldest known fossil occurrences of hystricognaths are not from Asia, where they are so far known only from
the latest Eocene, but from Africa and South America, where they appear suddenly in the fossil record of
both landmasses by the late middle Eocene. This points out the incompleteness of the Asian fossil record
for hystricognaths, but also that this group rapidly achieved a widespread distribution throughout the Old
and New Worlds sometime during the middle Eocene. We have performed a cladistic assessment of the
dental evidence documenting several early Asian "ctenodactyloids” and all Paleogene African and Asian
hystricognaths known thus far (or recognized as such). Even if the dentary bone is not documented for
several taxa, based on dental evidence we suggest that some late and middle Eocene Asian
"ctenodactyloids” are stem hystricognaths and pre-hystricognaths, respectively, although they were not
recognized as such originally (e.g. Dianomys, Ottomania, Anadianomys). This view partially plugs the gap in
the Eocene Asian hystricognath record. However, this phylogenetic context implies many ghost lineages for
some Asian and African taxa, thereby underscoring the still poor documentation of early hystricognaths. It
also implies a complex early historical biogeography of the group, involving multiple dispersal events from
Asia to Africa sometime during the middle Eocene.
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Lower Miocene pecorans (Mammalia, Artiodactyla)
from Japan
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Pecoran fossils from the lower Miocene (Burdigalian) of Japan have not been clearly identified
because they are fragmentary teeth or bones, without cranial appendages. In the early 20th century, some
dental specimens from the lower Miocene were assigned to cervoids, ‘Amphitragulus ’ and Dicrocerus.
These taxa from Europe have been re-examined systematically to date, so that the lower Miocene pecorans
from Japan should be updated by recent paleontological knowledge based on European species and new
fossil records. The Burdigalian fauna from Japan comprises at least two taxa of pecorans with different size.

7

A larger species was originally described as ‘Amphitragulus ' minoensis (Palaeomerycidae) from the
Hiramaki Formation (ca. 18.4-17.0 Ma) of central Japan, and later, this species was combined with the
genus Palaeomeryx. P. minoensis is similar to P. kaupi from MN4 (e.g. Artenay) in cheek tooth size and
occlusal patterns. Although the holotype, right p4—m2, of P. minoensis is strongly worn, this species differs
from P. kaupi, in having p4 with an unbranched anterior conid and molars with flatter lingual surface.
Dicrocerus tokunagai (Cervidae) has been known for a smaller species distributed in the lower to middle
Miocene of Japan, but new materials of a small pecoran show a different result in identification. All early
cervids with two-pronged antlers (e.g. Procervulus and Dicrocerus) have the postprotocrista extending
externally, often with a neocrista (or internal postprotocrista). However, the postprotocrista of an isolated
upper molar from the Nakamura Formation (ca. 19 Ma) of central Japan does not have this synapomorphic
character of crown cervids. Regarding lower molars from the Nakamura Formation, m3 has a well-
developed entostylid connecting with the postentocristid, which is similar to that of Ligeromeryx
(Lagomerycinae) from MN3 (e.g. Chitenay) rather than of all crown cervids after Procervulus. Previously
described specimens of D. tokunagai, including the holotype, share all dental characteristics with the new
materials from the Nakamura Formation, and they are replaced to a lagomerycin species. In this study, |
conclude that the lower Miocene pecoran fossils from Japan include a lagomerycin species (ca. 19 Ma) and
P. minoensis (ca. 18.4-17.0 Ma), which are correlated morphologically and stratigraphically with
Ligeromeryx (MN3) and Palaeomeryx (MN4) from Europe, respectively.
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Note on the zygodont mastodonts from the
Pliocene-Pleistocene of Europe
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Parts of a zygodont mastodont skeleton, Mammut borsoni Hays, 1834, were discovered in the
Otman Hill quarry from Colibashi village, Republic of Moldova. Both incisors are curved slightly downwards,
like in the Z ygolophodon turicensis right half-skull (showing dentition exchange for the M2-M3 dex.)
collected from Villefranche d’Astarac.

Only a few cases are known so far of zygodont mastodont skull fragments in the Old World, and
most of them are fragmentary.

The M. praetypicum (Schlesinger, 1919) skull fragment described by Kubiak in 1972 does not allow
for considering an upward curvature of its tusks. More so, this skull fragment that highlighted the main
characters of the new species was lost.

The fossil locality of Millia, Greece, yielded impressive remains of Mammut borsoni but the upper
tusks were not recovered fixed in alveoli. A drawing of the M. borsoni left maxillary fragment from Millia
(Greece) shows the direction of the alveolus (together with the premaxillary and jugal) forming an angle of
about 54° towards the occlusal surface of the M2 (present and in wear). The cranial fragments including
the rostral bones from Otman Hill have a similar structure, the corresponding angles of this specimen being
about 65¢ for the left fragment, and about 62° for the right fragment. These characters, important for the
taxonomic definition of both fossil proboscidean specimens, allow us to deduce the direct relation between
the Pliocene- Quaternary zygodonts and their Miocene relative Z. turicensis (Schinz, 1824).

The dentitions of Mammut americanum and of "M.” borsoni are very similar, but the type species
of the genus Mammut Blumenbach, 1799 is M. americanum (Kerr, 1799) in which the upper tusks are
strongly curved outwards, and in some cases are also curving inwards more distally. Because of this, we
consider the zygodonts from the Pliocene-Quaternary of Europe are not congeneric with M. americanum.

The difference in dental morphological features between Z. turicensis and "M.” borsoni is very
conservative. Considering that the Pliocene-Pleistocene European zygodonts are obviously closer to the
sister species Z. turicensis in the morphology of both the upper and lower jaw teeth but also in the shape of
the tusks, we consider logical their assignment to the genus Zygolophodon Vacek, 1877.

’ Speaker

278



S11 /] Poster

Tooth remains of Late Pleistocene moschid and
cervid (artiodactyls) from Yangjiawan and Fuyan
Caves of southern China
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Moschid and cervid remains are significant elements of Ailuropoda -Stegodon fauna, and always
account for a large proportion in specimen numbers. However, the systematic study of cervid fossils is
inadequate for most of the Late Pleistocene Ailuropoda -Stegodon faunas, most of which only bear isolated
tooth remains. The uniform tooth structures of cervid lead to the confused situation in taxonomic
identifications of isolated teeth. The numerous cervid tooth fossils recently unearthed from Yangjiawan
caves and Fuyan Cave give us a chance to address this issue. Based on morphologic, odontometric and CT
scanning studies, six species have been recognized, including Moschus sp., Elaphodus cephalophus,
Muntiacus muntjak, Mu. reevesi, Rusa unicolor and Cervus nippon. The cervid faunal compositions of these
two sites are basically the same and most of the species can be distinguished from one another in tooth
dimensions, except for M. muntjak and E. cephalophus; but the entoflexus of upper premolars, the
metacone ribs of upper molars, the structure of p4, and the metastylid of lower molars can be used as
distinguishable characters between M. muntjak and E. cephalophus. The cingulum and the entostyle of
upper molars, and the metastylid of lower molars of M. reevesi are weaker than those of M. muntjak. R.
unicolor possesses tapered entostyle and thick enamel, while the enamel of C. nippon is relatively thinner
and the entostyle is columned. Moschus sp. usually has a Dorcatherium fold in lower molars, which is a
diagnostic character.
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“Basal” Cambrian fossils fill a gap in the evolution of
terrestrial euarthropods

Cédric Aria *!, Fangchen Zhao *, Maoyan Zhu *

! Nanjing Institute of Geology and Palaeontology (NIGPAS) — 39 East Beijing Road 210008 Nanjing, China

Since the discovery of the Burgess Shale, extraordinarily well-preserved soft-bodied fossils from
Cambrian and early Paleozoic Lagerstatten worldwide have allowed deep insight into the early evolution of
arthropods. Fundamental to this endeavor is the resolution of the base of the euarthropod tree, the
composition of which determines the direction of broad evolutionary scenarios. Fuxianhuia and its relatives
from the early Cambrian of China have long been considered to represent basalmost euarthropods, even in
the absence of clear character polarization supporting the plesiomorphic condition of their morphologies.
Recently, paleoneuroanatomy and a reinterpretation of large bivalved Cambrian arthropods have
suggested instead that fuxianhuiids may be closer to mandibulates. Here, we reinvestigated the anterior
anatomy of Fuxianhuia in light of new material from the Cambrian Chengjiang and Xiaoshiba biotas, from
China. We found that Fuxianhuia possessed a pair of large, rounded plates with dentate masticatory
margins lying behind several single sclerites. Posterior to the ocular sclerite is another sclerite bearing the
antennules, and which therefore should be called the hypostome. The hypostome is closely followed by a
larger, subtrapezoidal plate (previously interpreted as the hypostome) bearing the so-called ”specialized
post-antenn(ular) appendages.” With such a configuration, the pair of large gnathal plates occupies the
fourth somite, consistent with a mandibular affinity. Fuxianhuiids are therefore crown mandibulates,
supporting paleoneuroanatomical observations and the view that isoxyids and cheiromorphs represent the
basalmost part of the euarthropod tree. Our time-calibrated Bayesian analysis places fuxianhuiids as the
sister group of myriapods, providing the first insight into the Cambrian origin of that terrestrial clade. This,
in turn, sheds light on the shared identity of anterior head elements among mandibulates.

’ Speaker

282



S12 // Oral

Determining phylogenetic position of Ediacaran
macrofossils Dickinsonia and Andiva using
biomarkers
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The Ediacara biota appears in the palaeontological record just before the Cambrian explosion, and
represents the oldest macroscopic complex organisms. The organisms themselves and the ecosystems they
formed were ”strange as life on another planet”, so debate about the nature of these fossils is still ongoing,
with interpretations ranging from marine animals or giant protists to lichen growing on land. Extremely low
thermal maturity and lack of weathering of Ediacaran deposits in the White Sea Region (Russia) allowed
organic matter and biomarkers (extractable organic molecules) of Ediacaran fossils to be preserved.
Biomarkers contain information about biological molecules produced by organisms living in the past, and
many of these molecules are specific to certain phylogenetic groups. We used biomarkers extracted from
organically preserved Ediacaran fossils in the genera Dickinsonia and Andiva to determine their
phylogenetic positions. These organisms largely or exclusively produced cholesteroids, a group of C27
sterols characteristic of animals (Metazoa). This striking molecular signal, in combination with
palaeontological observations, establishes these two iconic members of the Ediacara biota as the oldest
confirmed macroscopic animals preserved in the palaeontological record.

' Speaker
" Corresponding author: ilya.bobrovskiy@anu.edu.au

283



S12 // Oral

Scleritome animals from the early Cambrian of
Australia: Disparity, affinities and evolution
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Lower Cambrian sedimentary packages from Australia are replete with an incredible array of
organophosphatic, secondarily phosphatised or calcareous (often silicified) skeletal elements. A large
proportion of these sclerites belong to lophotrochozoan animals and represent mineralised elements from
larger, complex composite exoskeletons (scleritomes) prone to disarticulation post-mortem. Whilst
discovery of exceptionally preserved specimens in Konservat-lagerstitten around the world has
demonstrated the scleritome structure of some lophotrochozoan taxa (e.g. Halkieria, Orthrozanclus),
reconstruction of complex exoskeletal architectures has proven difficult in some groups and more work is
required to clarify zoological affinities. Material from the early Cambrian of Australia has been pivotal in
revealing the phylogeny of some previously enigmatic groups, such as the tommotiids. We have
documented partial scleritome material for the sessile filter-feeding eccentrothecimorphs Eccentrotheca,
Paterimitra and Micrina, the tubiform ancestors of bivalved linguliform brachiopods that evolved via
sclerite modification and reduction. Scleritome reconstruction for the camenellan tommotiids is less
secure. However, in Dailyatia, rare sclerite composites, muscle scar position, and proportions of bilaterially
vs asymmetrical left/right sclerite morphs indicate a complex scleritome. This likely consisted of a linear
series of 2—-3 rows of multiple, imbricating sclerites protecting a vagrant, benthic slug-like animal, and
clearly distinguishing Dailyatia from the sessile, filter-feeding eccentrothecimorphs. Calcareous sclerites
from halkieriids (Australohalkieria, Oikozetetes) and other multisclerite- bearing forms are generally only
recovered as disarticulated remains in lower Cambrian shallow marine deposits from Australia, and
scleritome evidence has remained elusive. However, here we report the discovery of a new enigmatic
articulated scleritome animal from the lower Cambrian (Series 2 Stage 4) Emu Bay Shale Konservat-
lagerstatte of South Australia that appears to have a mixture of tommotiid and multiplacophoran traits,
significantly adding to knowledge of early Cambrian scleritome disparity and evolution.
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Arm-waving, tough and spiny: Hopeful ”“Collins”
monsters from the Burgess Shale of British Columbia
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Panarthropods (Arthropoda, Tardigrada and Onychophora) have their roots in the lobopodians, a
paraphyletic group of rare Palaeozoic worm-like animals with soft legs. Here we describe the original
”Collins monster,” from the Sanctacaris locality and a second form from the Tulip Beds locality, both from
the middle Cambrian (Series 5) Burgess Shale of Mount Stephen in British Columbia. The two species
possess a double row of ventral spinules arranged in a chevron-shaped pattern along the frontal lobopods
and belong to luolishaniids, a clade of longlegged lobopodians currently retrieved as basal panarthropods.
The ”Collins monster” bears six pairs of elongate, clawed lobopods anteriorly, each with long and straight
spinules as well as minute dorsal spines. The posterior section is made up of eight pairs of short and stout
lobopods, each terminated by a single recurved claw likely pointing inward. The dorsum is armed with pairs
of short and stout spines above the anterior lobopods one to three, and three sets of more elongate spines,
two lateral and one medial, above each remaining lobopod pairs. The head is short, bears a possible pair of
antennae, and is covered by an oblong dorsal sclerite. The second form is known from nearly 50 specimens-
presumably mostly molts-and differs from the ”Collins monster” in several aspects. The spinules on the
anteriormost lobopods are much thicker and curved, and the spines along the outer lobopod margins and
terminal claws are also much larger. The posteriormost five lobopods sport massive recurved terminal
claws and display a series of seemingly imbricated external plate-like elements on their outer surfaces, each
fringed with marginal spines pointing downward or sideways. The dorsal armature is characterized by
having four rows of relatively stouter, conical spines with tw