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Supervisor Foreword

Forests account for 30% of the global land area, and they have important regulatory
roles in the water cycle and biogeochemical cycle of the entire earth. However, cli-
mate change has led to increasing forest mortality rates worldwide; thus, the forest
dynamic is an important ecology issue under future climate change, which needs
long-term study.

In her thesis study, Dr. Qian Hao selected the forest-steppe ecotone in China as
the main study areas, where the vegetation is sensitive to climate change. She has
combined different approaches of paleoecology, phylogeography, and ecological
modeling to reconstruct the glacial refugia and postglacial migration of three domi-
nate forest genera (Pinus, Quercus, and Betula) in northern China. Through the
studies of different temporal and spatial scales, she got three main conclusions: (1)
the postglacial migration was multidirectional, including not only the long-distance
migration process from low to high latitudes but also the process of local diffusion
from northern refugia; (2) except the latitudinal migration, the vertical migration
altered the changes of forest-steppe border to the Holocene climate changes; (3)
there were various responses of local forests to climate change, including decreas-
ing forest coverage, shrub expansion, and replacement of steppe. In sum, the results
and major findings of the study can help us to understand the forest migration pat-
terns comprehensively and the factors influencing the forest dynamics. This study
will be useful for the fields of forest ecology, paleoecology, and biogeography.

College of Urban and Environmental Sciences Hongyan Liu
Peking University, Beijing, China
August 2018



Preface

Studying dynamics of forests that occupy 30% of the land surface area has been
becoming a hotspot in ecology. Forest distribution change since the Last Glacial
Maximum (LGM) is critical for validating models predicting future forest dynam-
ics. On the regional and catchment scale, the different resilience of tree species and
buffer effects from diversified land surface features lead to the complex forest dis-
tributions and migration patterns in the forest-steppe ecotone, which need to be
investigated in a multidisciplinary approach.

The forest-steppe ecotone in northern China is located at the edge of East Asian
monsoon influence, and the regional forest within the ecotone is sensitive to climate
change. Based on high-resolution lacustrine sedimentary records, this study recon-
structed the distribution changes of Pinus, Quercus, and Betula during and after the
LGM. An interdisciplinary approach integrating methods of paleoecology, phylo-
geography, and ecological modeling was used to reconstruct their glacial refugia
and postglacial migration in northern China. On the regional scale, eight high-
resolution sediment records under similar climate conditions were selected to show
altitudinal migration pattern of these three dominated tree genera and the role of
topographical factors on the migration of the forest-steppe border. On the catchment
scale, an 820 cm core in Huanggihai, located in the forest-steppe ecotone in north-
ern China, was analyzed in order to specify the local forest dynamics reconstructed
from pollen assemblage as response to the Holocene climatic change reconstructed
from chemical element ratio in the sediment. The following conclusions are drawn
from this study:

1) The postglacial dynamics of forest distribution included not only long-distance
north-south migration but also local spread process from LGM refugia in north-
ern China.

Our data supported the hypothesis of the mountainous refugia in northern China.
Besides, the Otindag Sandy Land which serves as the northern limit of Pinus tabu-
laeformis distribution was for the first time proposed working as a local refugium.
Hence, we suggest that the species was located further north than previously illus-
trated, albeit perhaps at very low density. We thus infer that postglacial migration of
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viii Preface

P. tabulaeformis was multidirectional and implied local spread from various refugia
as well as long-distance migration from central/southern China.

This study also used the fossil evidence and species distribution model to illus-
trate the distribution area of other three dominated tree species (Quercus mongolica,
Betula platyphylla, and Betula dahurica) in northern China during the LGM. The
results also showed that the mountains in northern China may be refugia, and the
northern coastal region may also work as refugia, suggesting the existence of the
local spread phenomenon for them.

2) The dynamics of forest included not only latitudinal migration but also altitudi-
nal migration. Altitudinal migration altered the changes of forest-steppe border
to the Holocene climate changes.

Tree species living in the forest-steppe ecotone were commonly controlled by
climate, especially the monsoon evolution. However, forests not only migrated lati-
tudinally between northern and southern regions but also showed changes in altitu-
dinal distribution during the Holocene, which is mainly influenced by topographic
factors. Areas with high altitude range can support more trees and altitudinal migra-
tion possibility. Altitudinal migration altered the changes of forest-steppe border to
the Holocene climate changes, and different topographic conditions lead to the spa-
tial heterogeneity.

3) The response modes of local forest to climate drying could be shrubland expan-
sion and savannification other than the replacement of forest by steppe.

The Holocene climatic change of Huanggihai region captured in detail the
regional-scale monsoon dynamics, especially the drying trend which was obvious
during 4000 to 1000 cal year BP. The corresponding vegetation dynamics were
characterized by a steppe-forest-steppe sequence. Besides replacement of forest by
steppe, we found two alternative responses of vegetation to drought: shrubland
expansion and savannification. The shrubland began to expand into the forest when
the precipitation-brought Pacific monsoon weakened at about 4 cal ka BP. While the
dry period persisted for thousands of years, we found a clear minimum in vegetation
coverage during 2970 to 600 cal year BP.

Keywords Forest-steppe ecotone; LGM refugia; Vertical migration; Ecological
response; Pollen; Pinus tabulaeformis; Holocene
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