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Ecological, evolutionary & environmental sciences study design
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Climate and vegetation simulation data are accessed at http://bridge.bris.ac.uk/resources/simulations.

The PhysgAsia2 Calibration Files are accessed at http://clamp.ibcas.ac.cn/CLAMP_PhysgAsia2.html.

The Worldclime Version2 climate data are accessed at http://worldclim.com/version2.

This is a palaeontological and palaeoecology study including collection, digital imaging, description of spiny plant fossil materials from
middle Eocene sediments of central Tibetan Plateau. Analyses including phylogeny, phytoliths, grass fossils, modeling and mammal
fossils, are used to explore the diversification history of plant spines in Asia.

A total of 44 specimens of plant spine fossils, all with sharp spines and regularly or randomly distributed on the branches. We chose
them for morphological analysis because they are well-preserved and have clear identification characteristics. These materials derive
from the grayish green mudstones and sandstones of the Niubao Formation (Bartonian, early late Eocene) in Lunpola Basin, Tibet,
China.

We collected more than 1000 plant fossil specimens from the Dayu and Xiede sections, among them, 44 well-preserved specimens of
plant spine fossils were found and used in this study.

Professor Tao Su led all the field expeditions in Lunpola Basin, central Tibetan Plateau from July 2016 to August 2020. The digital
images of specimens were collected using Nikon digital camera and a stereoscope in Public Technology Service Center of
Xishuangbanna Tropical Botanical Garden. Measurements of the length, width and angle of plant fossils were performed using digital
images of fossil specimens.

We collected plant fossils from 2016 to 2020 in Dayu and Xiede sections, which belong to the Niubao Formation and are located in
Lunpola Basin, central Tibetan Plateau. We collected fossil specimens with colleagues from Xishuangbanna Tropical Botanical Garden
and Institute of Vertebrate Paleontology and Paleoanthropology, as well as local Tibetan villagers.

No data are excluded.

Three replicate experiments of phytolith analysis were carried out on the sediments of the Dayu section. Each repetition of the
experiment yielded similar results, with consistent diversity and number of phytoliths.

No randomization procedure was used because it was not necessary for the type of study we conducted.

This is a palaeontological study of all known fossil materials. Blinding is inapplicable and irrelevant.

Middle Eocene grayish green mudstones and sandstones are well-exposed in both fossil sites, fossils were collected directly from
these rocks. The average elevation in central Tibetan Plateau is about 4,700 meters, dominated by alpine steppe, with mean annual
temperature of 0–3°C and mean annual precipitation of ~300 mm.

There are two fossil sites in this study, and both are located in central Tibetan Plateau, China.

1. Dayu section: 32°20"N, 89°46"E, 4700m;

2. Xiede section: 31°58"N, 88°25"E, 4655m.

All fossil specimens in this study were collected by paleontological expedition team from Xishuangbanna Tropical Botanical Garden
and Institute of Vertebrate Paleontology and Paleoanthropology in compliance with all local, national and international laws. All
collecting permissions were obtained before the field work.

All samples were collected by ourselves and local Tibetan people without disturbance of the surrounding environment.




