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Figure 2 Bering land bridge and the migration of mammals and humans during the decline of sea level
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Figure 3 Origin and dispersal of the Ice Age mammals in the Tibetan Plateau
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Faunal evolution under the background of the Cenozoic
greenhouse and icehouse climate

1,2,3* 1,2,3 .. 1,2
Tao Deng ™, Sukuan Hou ™ & Feixiang Wu
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} College of Earth and Planetary Sciences, University of Chinese Academy of Sciences, Beijing 100049, China
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The Cenozoic ecosystem was similar to today’s world throughout the evolution of life on Earth. The current biosphere is
more closely related to the hydrosphere due to the emergence of reef-building organisms and the breeding of a large
number of marine organisms, particularly fish, which account for more than half of today’s vertebrate taxonomic diversity.
The humidity change determined by the water vapor condition controls the turnovers of forests, grasslands, and other
vegetation, resulting in obvious regional differences in the composition and characteristics of mammalian faunas in
different regions of China during each geological period of the Cenozoic. The rise and fall of sea level caused by global
change resulted in the connection or separation of continents, as well as the promotion or obstructing of animal exchanges
between continents. The Cenozoic’s significant global climate events had a significant impact on the ecosystem. Under
these environmental conditions, mammals evolved from archaic to modern forms, and the fish fauna resembled today in
terms of diversity composition and geographical distribution. The climate of the Cenozoic icehouse or greenhouse changed
frequently, but it was a cooling trend overall, despite many warming events in the meantime. The Paleocene/Eocene
boundary represents an important period in mammalian evolution, with a climate and environment background that the
global average temperature at 55.8 Ma is 8°C higher than today. Humid climate conditions drove mammals northward, and
many mammalian orders, including Primates, Perissodactyla, and Artiodactyla, arose soon after and spread rapidly via land
bridges in high latitudes. Small warming events following the PETM resulted in Early Eocene and Middle Miocene
climatic optimums, and species diversity increased significantly. The global environment changed dramatically at the
Eocene/Oligocene transition, and the greenhouse environment abruptly changed into the icehouse environment, resulting
in significant faunal replacement, changing the evolution trajectory of primates, and even relating to the African origin of
human beings. Cooling events since the Late Miocene have resulted in significant changes in mammalian faunas, affecting
human migration and expansion as well as the evolution and distribution of fish. During the uplift of the Tibetan Plateau,
the change in altitude caused a species diversity gradient similar to the latitude effect, which led to the fauna turnover. The
Tibetan Plateau reached a modern height in the Pliocene, and its climate and environment have cryosphere characteristics,
making it the initial evolution center of glacial fauna. When the Quaternary Ice Age arrived, the animals that had adapted to
the freezing environment quickly spread to the Tibetan Plateau’s periphery and further afield, forming the Late Pleistocene
Mammuthus-Coelodonta fauna. Cyprinidae’s regional environment has changed dramatically since the Miocene.
Cyprinidae has become the main body of the East Asian freshwater fish fauna and has formed its current living and
breeding habits, as a result of the strong uplift of the Tibetan Plateau, the formation of the modern river system, and the
further strengthening of the Asian summer monsoon. At around 2.6 Ma, the global temperature fell below today’s level for
the first time, resulting in significant freezing of seawater and a significant drop in sea level. The Bering Strait was exposed
from the sea and transformed into a land bridge connecting North America and Eurasia, facilitating animal exchanges
between the two continents. The Quaternary Palearctic and Oriental boundary experienced temporal and spatial dynamic
changes as a result of frequent migration and species exchange. The water cycle not only influences zoogeographical
evolution but it is also linked to the security of biological resources and humanity’s future development.

greenhouse, icehouse, fauna, Cenozoic, mammal, fish
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