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Frontiers in evolutionary mammalogy I. Initial evolution of placental
mammals revealed by paleoenvironmental study, morphology, and
genomicsa.
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Currently, more than 5400 species of mammals are living on Earth, and showing
remarkable diversity in both terms of the morphology and ecology. Then, how and when
the mammals obtained such a tremendous diversity? First, for understanding the whole
picture of the mammalian evolution, an overview of the phylogenomic time tree of the
placental mammals revealed by the latest genomic study will be provided. Subsequently,
the paleoenvironment of the Cretaceous and the Paleogene when the initial evolution
occurred will be discussed. Finally, the ancestral placental mammals gradually revealed

by the paleontological and genomic studies will be discussed.
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Deciphering the Phylogeny and Timing of the Placental Mammal Radiation
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Mark S. Springer (University of California, Riverside, USA)
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Higher-level relationships among placental mammals have mostly been resolved by
molecular data sets, but several nodes remain problematic including the placental root,
the Laurasiatheria polytomy, and the phylogenetic placement of tree shrews.
Phylogenomic data sets and coalescence methods that account for incomplete lineage
sorting hold promise for resolving these difficult nodes, but key assumptions of these
methods (no gene tree reconstruction error, no intralocus recombination) are routinely
violated in studies of the placental radiation that have employed summary coalescence
methods. An additional problem with published phylogenomic data sets is paralogous
and non-homologous sequences. I also discuss a novel approach for inferring the
phylogeny of placental mammals with retroposon insertions in the framework of the
multispecies coalescent. Beyond phylogenetic relationships, deciphering the timing of
the placental mammal radiation is a longstanding problem in evolutionary biology.
However, consensus on the tempo and mode of this diversification remains elusive.
Nevertheless, an accurate timetree is essential for understanding the role of important
events in Earth history (e.g., Cretaceous Terrestrial Revolution, KPg mass extinction) in
promoting the taxonomic and ecomorphological diversification of Placentalia. Archibald
and Deutschman described the Explosive, Long Fuse, and Short Fuse models for the
diversification of placental mammals. More recently, the Soft Explosive and Trans-KPg
models have emerged as additional hypotheses for the placental radiation. Here, I
review molecular and paleontological evidence for each of these five models including
the identification of general problems that can negatively impact divergence time
estimates.
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Terrestrial environment during the early stage of placental mammal evolution.
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Junji Horiuchi (Tokyo Gakugei University International Secondary School)
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The transition from the gymnosperm-dominated Mesophytic to the
angiosperm-dominated Cenophytic was already completed by the Maastrichtian, the
last stage of the Cretaceous era. By this stage, at least some of the angiosperms were
already canopy-forming trees. There were four major and two minor palynofloristic
provinces during the Late Cretaceous (partly extending to the Early Paleogene). During
the early stage of placental mammal evolution, the climates in mid latitudes were
mainly humid and temperate to partly subtropical. The latitudinal temperature
gradient was small, which allowed the deciduous forest to spread further north
compared to the present. Some plants endemic to Asia, but known as fossils in North
America, dispersed not only via the Bering Land Bridge but also via the North Atlantic
Land Bridge with subsequent spread across Europe and the Turgai region to reach Asia.
What was the terrestrial environment during the early stage of placental mammal
evolution like in Japan? Recent knowledge based on Early Paleocene flora from Japan
will briefly be introduced.
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Mammalian phylogenetics: do fossilizable data help or hinder attempts to reconstruct
the Mammalian Tree of Life?
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Robert J. Asher (University of Cambridge, UK)
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The decay inherent in fossilization greatly reduces the amount of information
available for understanding extinct species. The possibility that such decay influences
phylogenetic reconstruction in a non-random way is worth serious consideration.
Mammals in particular are worth consideration due to the taxonomic richness of their
teeth, which are simultaneously the most common anatomical elements known from the
fossil record. At least for some clades, characters phylogenetically informative for key
nodes may be the first ones to decay when an animal dies. The extent to which such bias
1s widespread has major, potential effects on any biological investigation seeking to
understand extinction, diversity, and character evolution over the course of Earth
history. Here, 1 discuss the mammalian Tree of Life which benefits from a
well-corroborated topology and a rich fossil record and use datasets that sample across
partitions that are decay-resistant (e.g., the dentition) and decay-prone (e.g., DNA). I
ask if taxa with well-corroborated phylogenetic affinities exhibit properties of bias (e.g.,
long branch attraction, stem-ward slippage) with the removal of decay-prone partitions.
Results so far indicate that bias is indeed apparent in some datasets, but not others,
and is not an inherent property of hard-tissue characters across vertebrate groups. I
further discuss techniques of character sampling, implied weighting, and
data-combination that can potentially maximize the ability of paleontologists to
accurately infer the branching pattern of the Tree of Life, even for fossils which are
missing most or all of the soft tissues and molecular data available for living species.
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Bridging molecular evolution and phenotypic evolution
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Jiaqi Wul, Takahiro Yonezawa2, Hirohisa Kishino3
(1 Tokyo Institute of Technology; 2 Tokyo University of Agriculture; 3 University of Tokyo)
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Some phenotypic traits, such as sociality, feeding behavior, breeding behavior, are less
polymorphic within species compared with inter-species diversity. The neutral theory of
molecular evolution asserts that among mutations fixed to the population,
advantageous mutations are rare. In other words, while natural selection drives
evolution of traits directly, it has much less effect on evolution at the molecular level.
Therefore, the molecular evolutionary rate is expressed as the product of the mutation
rate and the proportion of the mutations which are neutral. By extending this theory to
genome evolution, the branch lengths of the multi-loci phylogenetic trees can be
decomposed into gene effect, branch effect, and gene-branch interaction. The gene effect
represents the among-genes variation of molecular evolutionary rates. The branch
effect expresses the among-branch variation of the product of mutation rates and
evolutionary times, enabling robust estimation of the divergence times and the
variation of genomic mutation rates. The gene-branch interaction, which expresses the
among-branch variation of functional constraints, is a predictor for the association
study and the ancestral states reconstruction. Based on the genomes from 89 placental
mammals, our model suggested that the placental mammalian ancestors did not make
groups, had seasonality in breeding, fed insects and were nocturnal. Genes involved in
the brain and nervous system were detected for the trait of sociality, and the genes
associated with seasonality in reproductive behaviors include those involved in meiosis,
embryonic stem cell plasticity and sex hormone synthesis.
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Frontiers in evolutionary mammalogy II. Escalation of diversification during
the evolution of Cenozoic mammals: cases in cetartiodactyls.
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Mammals have adapted to life in all environments of Earth during the
Cenozoic. Although the morphological, taxonomical and ecological diversifications
seem to be gradual in total, it seems dramatically escalated and intensified at certain
times. This symposium will focus on the pattern and process of diversifications in the
cetartiodactyls as examples of escalation of diversification in the Cenozoic mammals in
the context of evolutionary and environmental changes through deep time. Three
intensive researchers will give talks on those attractive topics in their respective fields

to raise issues from each point of view.
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Ecological niche separation and morphological innovation of terrestrial artiodactyls
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Mugino O. Kubo (The University of Tokyo)
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Terrestrial artiodactyls are most diverse and abundant herbivorous ungulates in the
world, which inhabit various environments ranging from arctic tundra to desert or from
mountains to lowlands. They are also the most important mammals to humans, both
economically and culturally, due to their role as husbandry animals. The initial
evolution of artiodactyls occurred at the very beginning of Eocene and seems to be
diversified after Miocene when global climate shifted toward cool and dry condition,
which resulted in spread of grasslands. In this presentation, I will summarize their
morphological innovation behind the diversification, such as unguligrade foot posture,
rumination system, cranial appendices (horns, antlers, ossicorns) and skull morphology
effective to herbivory, with a special emphasis placing on evolution of high-crowned
molars (hypsodonty). I will also introduce our recent project elucidating relationship
between ecology and morphology in artiodactyls using phylogenetic comparative
methods, as well as paleoecological reconstruction of extinct artiodactyls from dental
characteristics.
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Morphological perspective on the significant diversity and disparity in the evolution of
the Odontoceti
TERETEE D Rt fit < N7 ¥ T DBIR 1 248 b & i Is (b

Toshiyuki Kimura (Gunma Museum of Natural History)
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The Odontoceti is well known as one of the most diverse taxa of marine mammals.
The oldest odontocetes are Early Oligocene. Major lineages of the modern Odontoceti
were established by the end of the Oligocene. There was significant diversity and
disparity of odontocetes in the Miocene. Emergence and diversification of the crown
Delphinoidea roughly coincide with decline/extinction of the kentriodontids, the
platanistoids, and the raptorial-feeding physeterids. Morphological features of fossil
odontocetes suggest that some of them had adapted to completely different ecological
niches in comparison with those of their modern relatives.
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Diversity and disparity in the history of the Neoceti
Bl O I 1T D ZARNE & iR IR

R. Ewan Fordyce (University of Otago, New Zealand)
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Many recent advances elucidate the history of Neoceti: new specimens and new
localities; improved phylogenetic analyses; studies of functional complexes; shape
analyses; CT scanning; and changes in ocean gateways, paleoclimate, and productivity.
Notable gaps (“dark ages”) are the Priabonian, Rupelian, Aquitanian, and Pleistocene.
The oldest crown Cetacea are late Eocene (Priabonian) toothed archaic mysticetes from
the east Equatorial Pacific and the Southern Ocean. One of these, the gigantic
Llanocetus, was probably a suction feeder. Odontocetes, forming the sister clade to
mysticetes, would have occurred in the Priabonian, but fossils have not been described.
New research should elucidate the diversification of Neoceti at this time of cooling and
changing oceanic circulation. Rare Rupelian Cetacea include small dolphins and toothed
mysticetes. Highly disparate and widespread Chattian assemblages include species in
the stem of “modern” groups, but no firm crown representatives. Aquitanian Cetacea
are uncommon; whether this reflects dating problems, collecting effort, or cetacean
habitat preferences is uncertain. From the Burdigalian onwards, global assemblages
are widely distributed, speciose, and represent many Crown lineages; archaic groups
went extinct. Pleistocene Cetacea could reveal speciation of neospecies linked to cooling
cycles.
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