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ABSTRACT

This research primarily examines the pollen evidence of vegetation change in the
light of human disturbance in the subtropical mountains in southeastern China based on
three sediment cores from the elongated peat-filled depressions in subalpine headwater
zones (dambos) from the Daiyun Mountain Range of Fujian Province (approximately
25°40'N, 118° 11 'E). Twenty-four surface pollen samples collected from different
locations in Fujian Province were included in this study intended to provide a better
understanding of the relationships between vegetation and pollen rain in hilly areas, and
the pollen signature of human disturbance.

Analysis of pollen and sediment-stratigraphic data from this study indicates that
peat accumulation began in the three coring sites after 4,000 yr BP, probably as a result
of the late-Holocene cooling. From 4,000 to 1,000 yr BP the vegetation of the upper
mountain zones (between 1,300-1,600 m) of the Daiyun Mountain Range was a
subtropical mixed conifer-hardwood forest dominated by Cryptomeria (Japanese cedar),
Castanopsis (chinkapin), Quercus (oak), and Tsuga (hemlock). Widespread
deforestation occurred between 1,500 and 1,000 yr BP when pollen frequencies of these
dominant tree taxa were abruptly reduced, followed by increases in Pinus, Gramineae,
and Dicranopteris. This abrupt vegetation change took place soon after the large-scale
immigration of the Han Chinese to the region from North China, suggesting an
anthropogenic origin. This hypothesis is also supported by the subsequent sedimentary
changes. The event was followed by a distinct clay layer in one of the sediment cores,
suggesting an intensified soil erosion occurred on the slopes of the catchment areas after
the removal of its primeval forest cover. Pine woodland became a dominant secondary
vegetation type in the study area after the major deforestation.

ix

The results of the pollen rain study indicate that modern pollen rain in the hilly
country of the Chinese tropics and subtropics is dominated by the Pinus-DicranopterisGramineae assemblage except for in some very remote and protected areas where
substantial pollen frequencies of the mesic subtropical forest components can be found.
The occurrence of the pine woodland pollen assemblage is a good indicator of intensified
human disturbance.

x

CHAPTER 1
INTRODUCTION

Vegetation is a product of the physical, chemical, and biotic environments.
Major vegetation changes occurred in response to environmental fluctuations during the
Quaternary and pollen analysis has been used as an important tool in reconstructing these
changes. Within the last few thousand years, however, human impact has become an
important factor in determining the development of vegetation. Evidence of such human
disturbances has been revealed from an increasing number of close-interval pollen
stratigraphies (e.g. Edwards and MacDonald, 1991; McAndrews, 1988; McAndrews and
Boyko-Diakonow, 1987; Behre, 1988; Walker, 1982; Birks, 1986; Turner and Peglar,
1988). This type of data has greatly enhanced the palynologists' capability in detecting
pollen signatures of human disturbance and, therefore, expands our knowledge of the
impact of past human activities on vegetation and the ecosystem. In order to understand
the extent and timing of human vegetational impacts, a database of fine-resolution pollen
data from various parts of the world is required. This research applies the close-interval
pollen analysis to reconstruct a detailed pollen history of human disturbance in the
subtropics of southeastern China where such data are currently not available.

The study area is confined to Fujian Province located in southeastern China (Fig.
1). Like most of the other provinces in southeast China, Fujian Province is strongly
affected by the East Asian Monsoon (Chang, 1972; Ren, 1979; Lau and Li, 1984; Zhang
and Lin, 1985; COHMAP Members, 1988; An et al., 1991). The province is dominated
by the subtropical humid monsoonal climate (the Cfa climate according to the Koppen
classification). Most of the precipitation falls in the late spring and early summer when
the southeast (summer) monsoon prevails. Winter is relatively mild and dry when the
region experiences frequent outbreaks of cold air associated with the northwest (winter)

Fujian Province

Figure 1.

Location of the study area.
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monsoon. According to the various maps of potential natural vegetation of China
(Wang, 1961; Wu et al., 1980; Liu, 1988), the region should support subtropical broad
leaved evergreen forest (Fig. 2). Today, the distribution of this "climax" or potential
vegetation is very limited. It can only be found in places remote from human activities
and in a few isolated areas that have been preserved for religious reasons. Most of the
mountain slopes in the region are dominated by pine woodlands, a common vegetation
landscape in the subtropics of southeast China. This dominant vegetation type is
replaced by the treeless subtropical mountain meadow in upper mountain zones. The
origin of these two distinct vegetation types has been a puzzle in Chinese biogeography
and paleoecology. Many have suggested that these existing vegetation types do not
represent the natural vegetation of the region and that they represent the results of
intensive human disturbance. Unfortunately, there has been very little pollen data from
Southeast China to evaluate these hypotheses for several reasons. As summarized by Liu
(1988), the existing pollen stratigraphies in China are generally poorly dated and
unevenly distributed. Most of them are from north and northeast China. The limited
existing pollen data from the subtropical region of southeast. China provide no clue to the
puzzle because the sampling intervals of these existing data are usually very coarse and
dating controls are inadequate. In addition, none of the existing pollen records from this
region is from lacustrine deposits of small lake basins, which are preferred in modern
palynological studies because their conditions are conducive to continuous organic
sedimentation and good pollen preservation (Jacobson and Bradshaw, 1981). Instead,
these existing pollen data are from alluvial deposits or geological sections where the
processes of pollen transport and deposition are poorly understood, the conditions of
pollen preservation generally poor or non-uniform, and the sedimentation rate highly
variable (Liu and Qiu, 1993). Because of these limitations, the question on the origin of
the pine woodland and subtropical mountain meadow remains.

4
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The primary objective of this research was to produce a fine resolution pollen
record from the upper mountain zones of the Daiyun Mountains of Dehua County in
central Fujian (Fig. 1) to examine the late-Holocene vegetation history in relation to
climatic change and human disturbance. The study area was chosen because it provided
an ideal place for studying the interplay between climatic and anthropogenic vegetation
disturbance. The area is one of the major areas dominated by pine woodland vegetation
in southeast China. It has a long history of intensive human disturbance. In fact, the
three coring sites are within the county of Dehua, which is one of the three porcelain
production capitals in China. The long history of porcelain production has consumed
unimaginable amounts of fuel wood, which has exacerbated the impacts of human
disturbance on the local vegetation. On the other hand, the study area exhibits a strong
altitudinal climatic gradient due to the considerable topographic relief. It is believed that
this altitudinal climatic gradient is very sensitive to the strength of the East Asian
Monsoon. Therefore, climatic signals, if any, are more likely to be found in the pollen
records from this area.

Ideally, small lakes from different elevations should provide sensitive records of
climatic and human impacts on vegetation, but the study area contains no small natural
lakes that can provide continuous sedimentary sequences. Instead, sediment sequences
from dambos (elongated peat-filled depressions in subalpine headwater zones) up in the
subtropical mountains were used to provide materials for close-interval pollen analysis.
In order to facilitate the interpretation of pollen records, 24 surface samples were
collected from three transects along three different mountains to examine the
relationships between the vegetation and pollen rain in the mountain environment. The
first vertical transect is from the southeastern slope of Huanggang Mountain in northern
Fujian (Fig. 1), a relatively less-disturbed mountain area. The second and third transects
come from Jiuxian and Daiyun mountains, both within Dehua County in central Fujian

6

(Fig. 1). Vegetation on these two mountains has been severely disturbed. Comparison
among the three transects in terms of their pollen assemblages was made to assist the
differentiation between primeval vegetation and disturbed vegetation.

This research is the first close-interval pollen study supported by adequate and
reliable C-14 dates from the subtropics of southeast China. This is one of the few
studies from China that focus on the impacts of human activities on the development of
regional vegetation. It provides important clues to the questions about the late-Holocene
climate, the origin of the pine woodlands, and the timing and extent of the early human
disturbances in the subtropical region of China. The important implication of this study
is that caution must be exercised in interpreting Chinese pollen data directly in climatic
terms. Anthropogenic disturbances played an increasing important role in the
development of regional vegetation during the late-Holocene period.

CHAPTER 2
POLLEN AND SEDIMENTARY RECORDS OF HUMAN DISTURBANCE ON
VEGETATION: A LITERATURE REVIEW

Pollen and sedimentary records from different parts of the world have provided
important proxy data for examining the impacts of climatic change and human
disturbance on the development of vegetation during the last few thousand years. Fineresolution pollen stratigraphies have allowed the quantitative reconstructions of major
climatic changes and human disturbances and the subsequent vegetational responses.
Such fine-resolution studies require the use of small sample thicknesses and intervals
and an adequate dating control. Human disturbances that caused major vegetation
changes usually took place over a relatively short period of time compared to the
depositional history of a pollen sequence. The pollen signatures of human disturbances
can easily be diluted or totally smoothed out if the sampling resolution is not fine
enough. Efforts to increase pollen data sensitivity for detecting these anthropogenic
signatures include continuous sampling, close interval sampling, and the use of
Accelerator Mass Spetrometry (AMS) radiocarbon dating, which requires only 0.3 gram
of carbon, to increase dating resolution.

In addition to the improvements in pollen data collection and dating control,
attempts have also been made to obtain a better understanding of the pollen signatures of
different types of human impacts on the vegetation. The indicator species approach has
been most widely used to reconstruct the types of human disturbances based on the
occurrence of certain indicator species. This approach is particularly successful in pollen
sites situated in or close to areas of intensive agricultural activities. Other important
indicating characteristics include the abruptness and the magnitude of changes in pollen
composition and concentration along a pollen sequence.
7
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The following is a summary of the major pollen records that have been
documented and interpreted to represent various types and degrees of human
disturbance. They are included in this chapter to serve as an introduction to the
following chapters.

(A)

Evidence of Zea Cultivation and Impacts of Prehistoric Indians

In North and South America, pollen evidence of human disturbance by
prehistoric Indians is often associated with Zea (corn) cultivation. The appearance of
Zea pollen together with increases of weedy plant pollen such as Chenopodium-type,
Compositae subfamily Tubuliflorae and Cyperaceae have been suggested as signs of
prehistoric agriculture. A pollen diagram from Lake Patzcuaro, Mexico, indicates that
forest disturbance due to agicultural activities by prehistoric Indians started as early as
3,700 yr BP (Watts and Bradbury, 1982). The high resolution pollen diagram
(McAndrews and Boyko-Diakonow, 1989) from Crawford Lake, a meromictic lake from
Canada, is based on the varved sediments and has allowed the establishment of an
absolute chronology for the initial Zea cultivation (Fig. 3). The period of Indian
agriculture began in 1360 AD and is represented by the appearance of corn (Zea mays),
weedy grasses, and purslane (Portulaca oleracea), all of which lasted for about 300
years. In the Tombigbee River valley, eastern Mississippi, Zea pollen was found in a
zone where Quercus pollen was replaced by Pinus. Whitehead and Sheehan (1985)
inferred that agriculture and forest burning by prehistoric Indians brought about the
woodland succession. Evidence of ground disturbance associated with Zea cultivation
was also found from Lake Ayauch1, Ecuador, where pollen of Zea mays was dated back
to 5,300 yr BP (Bush et al., 1989). A pollen diagram from Lake Kumpaka shows a clear
agricultural clearance phase between 1,500 and 2,200 yr BP, which is represented by the
occurrence of Zea pollen and increased frequency of grass pollen (Liu and Colinvaux,
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Pollen evidence of forest disturbance by the prehistoric Indians and the
European settlers from Crawford Lake. The prehistoric disturbance is
suggested by the appearance of Zea pollen and the increases of weedy
plant pollen between 1360 and 1660 AD. The European period is marked
by the rapid rise in Ambrosia pollen (After McAndrews and BoykoDiakonow, 1989).
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1988). The magnitude of this forest disturbance is small compared to the one caused by
European farming in the same diagram.

(B)

The Ambrosia Rise in Eastern North America

An abrupt increase in Ambrosia-type and other weed pollen is common in the
uppermost part of many pollen diagrams from eastern North America (McAndrews,
1988). This has been interpreted as the result of massive forest destruction and farming
by the European settlers. Forest destruction and farming by Europeans began along the
Atlantic coast in the 17th century and proceeded westward. This spatial pattern has been
clearly reflected by the existing high-resolution pollen data network in North America.
The pollen diagram (Fig. 4) from Linsley Pond, Connecticut, shows that the rise in
Ambrosia started at the beginning of the 17th century (Brugum, 1978). In addition to the
Ambrosia rise, the European zone also contains a considerable amount of pollen from
weeds such as the introduced Rumex and Plantago as well as Gramineae (Fig. 4). A
similar pollen pattern was found from the pollen diagram of Crawford Lake, Ontario,
Canada, where European farming did not take place until 1820 AD (Fig. 3). The pollen
signature of this massive deforestation is represented by the rapid increases of Rumex,
Ambrosia, and grass pollen at the expenses of tree pollen (McAndrews and BoykoDiakonow, 1989).

(C)

The Western European Elm Decline

The widespread and rapid decline of Ulmus pollen at about 5,000 yr BP in
northwest Europe is a classic example of prehistoric human disturbance on vegetation.
This phenomenon was first reported by Iversen (1941) and is characterized by the rapid
decline in pollen percentages of Ulmus, Quercus, Tilia and Fraxinus (Birks, 1986a;
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Figure 4. Pollen diagram from Linsley Pond, Connecticut, showing the Ambrosia rise
associated with the European farming (after Brugum, 1978).
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Behre, 1988; Whittington et al., 1991; Edwards and MacDonald, 1991). Although the
anthropogenic origin of the elm decline has been questioned by some scholars (e.g.,
Girling and Greig, 1985; Perry and Moore, 1987; Smith and Cloutman, 1988), pollen and
sedimentary data from many locations in northwest Europe suggest that the distinct
pollen pattern represents various degrees of human involvement.

The formation and expansion of Norwegian coastal heaths during the last few
thousand years is another good example of human disturbance. Both pollen and
archaeological evidence indicate that the causes for the initial formation of coastal heaths
were the destruction of the forests by humans and associated cattle, and soil "exhaustion"
following farming (Kaland, 1986). This anthropogenic disturbance of the coastal
environments was clearly documented in many local pollen diagrams (Fig. 5). The
importance of fire in maintaining the Norwegian coastal heaths is suggested by the
occurrence of abundant charcoal in the corresponding sedimentary units.

(D)

Mayan Clay in Lake Sediments of the Mayan Lowlands

Mayan Clay was informally named for the thick clay units found in most of the
sediment cores taken from the Mayan lowland lakes (Vaughan, et al., 1985; Leyden,
1987). The units are largely made up of an inorganic matrix of silt and clay and have a
thickness ranging from 1.6 to 6.85 meters. Higher organic contents were found in both
the underlying and overlying sedimentary units. This inorganic clay layer has been
interpreted as the result of intensive colluviation, a processs induced by forest clearance
(Vaughan et al., 1985). According to Vaughan et al. (1985), intensive colluviation is not
likely in the heavily forested areas. It took place in the Mayan lowlands in response to
accelerated soil erosion and redeposition of basin soils due to forest clearance.
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Pollen analysis of the Mayan Clay itself also supports the interpretation of
extensive deforestation during the period of Maya civilization. According to Leyden
(1987), the clay layer is dominated by the pollen of terrestrial herbs and the percentages
of tree pollen such as Brosimum and Chlorophora-type are drastically reduced (Fig. 6).
Zea pollen grains were found occasionally throughout the entire clay zone. In addition,
pollen concentration in the Mayan Clay is low; it was reduced to less than one tenth of
that in the underlying organic unit. This has been interpreted as the result of rapid
deposition of clay and silt due to intensified soil erosion and the diminished pollen
deposition due to deforestation. The post-Maya civilization period was represented
palynologically by the reoccurrence of high percentages of Brosimum (ramon) and
Chlorophora-type pollen after the Maya Clay and the declines in the percentages of pine,
oak, and terrestrial herbs. It is suggested that forest regenerated rapidly in the Mayan
lowlands during the post-Maya time.

(E)

Late-Holocene Pinus Rise in Japan

Pollen evidence of the earliest agricultural activities in Japan dates back to 6,600
yr BP The abundant fossil buckwheat pollen grains (Fagopyrum esculentum) and high
frequency of charcoal fragments (Fig. 7) found in the sediment of Ubuka bog on the
coast of the Sea of Japan in southwestern Honshu were interpreted as the result of early
agricultural activities (Tsukada, et al., 1987). Percentages of herbaceous pollen such as
Artemisia and Compositae are also high during this period. A more dramatic change,
characterized by a sudden decline in primeval forest and a rapid increase of pine trees,
has been found at the upper sections of almost all pollen diagrams from Japan. This has
been interpreted as the result of forest clearance due to the slash-and-burn agriculture
practiced by early Japanese (Tsukada, 1988). The initial increase of Pinus pollen
percentages occurred at about 2,500 to 2,000 yr BP in Kyushu, 2,000 to 1,500 yr BP in
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Pollen percentage diagram from Lake Salpeten showing the human
disturbance associated with the Mayan Clay layer (after Leyden, 1987).
The clay layer is believed to have been caused by intensified colluviation,
a process induced by forest clearance. It is dominated by terrestrial herb
pollen and the percentages of tree pollen are dramatically reduced.
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Pollen percentage diagram from Ubuka bog, southwestern Japan (After
Tsukada et al., 1986). Percentage of pine pollen was increased at the
expense of the primeval tree pollen on the upper section of the diagram.
This pollen signature has been suggested to be the results of the slash-andburn agriculture activity.
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Shikoku and southwestern Honshu, 1,500 yr BP in central Honshu, and 800 to 700 BP in
northeastern Honshu. This time-transgressive character of this event is consistent with
the northward movement of the intensified slash-and-burn and rice agricultural activitie

(F)

Pollen Evidence of Human Disturbance in China

The natural vegetation of China has been profoundly influenced by human
activities during the long history of Chinese civilization. Ironically, this commonly held
view of human impacts on the Chinese vegetation is almost undetectable from the
existing pollen records. The lack of clear pollen evidence of human disturbance is most
likely due to the unavailability of high resolution pollen stratigraphies. Most o f the
existing pollen records come from fluvial or coastal sediments that are not suitable for
high-precision pollen studies (Liu and Qiu, 1993; Liu, 1988). In addition, palynologists
in China tend to interpret their pollen records in terms of climatic changes, and the
possibility of an anthropogenic origin has rarely been considered. It is believed that such
evidence will be forthcoming when more high resolution pollen stratigraphies become
available.

A brief treatment of the mid- and late-Holocene climate documented from eastern
China is necessary in order to gain insight into the possible climatic signals from the
pollen stratigraphies produced by this study. In general, the existing paleoclimatic data
from east China seem to indicate that the region experienced a warmer and wetter period
during the mid-Holocene (9,000 to 2,500 BP). This interval is sometimes called the
Hypsithrmal (Deevey and Flint, 1957).

In northeast and north China, the mid-Holocene period is characterized by an
increase in broadleaved hardwoods such as Quercus, Carpinus, Acer, Betula, and
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Juglans in the pollen records (Liu, 1988; Duan et al. 1981). This warm period lasted
approximately from 8,000 to 4,000 yr BP

The Yangtze River Delta is one of the most intensively studied regions in China
in terms of Quaternary history. In connection with the studies on deltaic development
and sea level changes, a large number of sediment cores have been collected and
analyzed. Several pollen records indicating a warmer mid-Holocene have been
published by different groups of researchers. In their reconstruction of the
environmental changes in the Yangtze River Delta, Liu et al. (1992) present a detailed
pollen diagram spanning the last 12,000 years. They found an increase in the pollen of
subtropical broadleaved evergreen and deciduous trees (mainly Cyclobalanopsis,
Castanopsis, Castanea, Liquidambar, and Pterocarya) from 8,300 to 3,800 yr BP This
pollen zone was interpreted to represent a slightly warmer and more humid period. From
then on, the Yangtze River delta region experienced a cooler climate as reflected by a
decrease in these pollen types towards the top of the core. Similar changes in the pollen
records have also been reported by Wang et al. (1981) after analysis of several other
cores from the Yangtze River delta region. Mangrove pollen was found from some of
these sediment cores and was interpreted to indicate a warmer climate during the midHolocene, because mangroves currently grow only on coasts south of southern Zhejiang
Province today (Lin, 1981; Lin and Hu, 1983; Wang et al., 1975). However, due to the
lack of pollen concentration data, it is difficult to exclude the possibility that the fossil
mangrove pollen was transported to the Yangtze River delta region by ocean currents.

Chinese geographers and paleoclimatologists benefit tremendously from the
richness of historical documents and archaeological records in reconstructing climatic
changes in China during the historical period. This is well illustrated by several
important papers on environmental changes published by Chinese scholars during the
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last few decades. The most important contribution is a paper entitled "A preliminary
study on the climatic fluctuations during the last 5,000 years in China" by Dr. Chu Kochen (Chu, 1973), a pioneer meteorologist and climatologist in China. His
reconstruction of climatic changes is based on data derived from historical and
phenological records and archaeological excavations. He inferred that annual
temperature in most of the Yellow River Basin about 5,000 and 3,000 year ago was
about 2°C higher than that of today. This was followed by a series of fluctuations
including cold episodes at about 100 BC, AD 400, AD 1200, and AD 1700 (Chu, 1973).

The mid-Holocene warm period is less well documented in the subtropical
mountain areas in southeastern China. The most relevant pollen record is presented by
Yang et al. (1991) in the deltaic area of the Min River, the largest drainage system in
Fujian Province (Fig. 8). This pollen stratigraphy is based on a 65 meter core from
deltaic deposits that span the last 10,000 years. The core provides one of the most welldated pollen sequences in the region. Unfortunately, only the major taxa (Pinus,
Cupressaceae, Castanopsis, Quercus, Gramineae, Hicriopteris, Pteridium, and
Polypodiaceae) were included in their pollen diagram and the pollen sum used to
calculate the percentages was not specified. This has posed many difficulties for the
interpretation of their results. The pollen sequence was divided into five pollen
assemblage zones. The mid-Holocene was interpreted to be warmer and wetter than the
present based on an increase in Castanopsis pollen and a decline in Pinus, herb, and fern
spores. The pollen evidence for this conclusion was weak because no consideration was
given to the impacts of human disturbance. The dramatic decline in the Castanopsis
pollen and increase in pine pollen during the last few thousand years (pollen zone V in
Figure 8) might well be a function of deforestation within its drainage basin. Also from
the same region, Zhao et al. (1982) reported a vegetation change based on pollen data
from some unspecified "Quaternary sediments" collected at five sites ranging in
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Figure 8.

Pollen percentage diagram from Core M III, Min River Delta, Fujian, China
(after Yang et al., 1991). The reduction in Castanopsis and Quercus and
increase in Pinus on upper section of the diagram was interpreted to reflect a
climatic change. Effect of human disturbance in the catchment basin was not
considered.
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elevation from 850 meters to 2,158 meters on the slopes of Huanggang Mountain. The
data, crude and preliminary at best, were interpreted to suggest some altitudinal shifts in
vegetation zones due to climatic changes in the past. For example, broadleaved tree
pollen were found to account for up to 47.7% of the total pollen sum in stratigraphic
samples taken from the mountain meadow zone. Unfortunately, none of their pollen
samples were dated and details on their depositionai environment and stratigraphic
relationships were not available. Therefore, it is impossible to make any solid
conclusions about the mid-Holocene climate.

Evidence for a warmer and more humid mid-Holocene has also been reported
from lake deposits in central Taiwan by Tsukada (1967). The increase of subtropical and
warm-temperate plant taxa (Liquidambar formosa, Mallotus paniculatus, Trema cf.
orientalis, Castanopsis, and Podocarpus) in the lake sediments around 8,000 yr BP was
interpreted to represent a warmer and wetter climate. The earliest pollen evidence of
human disturbance was detected at about 4,000 yr BP, and was characterized by the
sudden increase of chenopod and Cerealia pollen. Climate-induced vegetation changes
became less clear after 4,000 yr BP due to increased settlement and land clearance for
agriculture in Taiwan.

In summary, pollen signatures of human disturbances are unique but they can be
reliably recognized only if the sampling intervals are fine enough and the stratigraphy
has been adequately dated. This has dictated that most of the existing high-precision
pollen studies use only the sediments from small lakes. Due to the differences in
geography, vegetation history, culture history, and agricultural practice, human
disturbance of the environment in different parts of the world are not represented by a
single pollen pattern. In search for evidence of human activity in fossil pollen records, it
is important to look for local indicator species. In addition, efforts must be made to look
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for supporting evidence from the sedimentary records. Major human disturbances such
as massive deforestation were usually followed by a period of intensified surface erosion
and changes in local hydrology due to the removal of the protecting vegetation from their
catchment basins. These changes are often detectable in sedimentary records and should
also be carefully studied.

CHAPTER 3
GEOGRAPHICAL BACKGROUND

(A)

Physiography

Fujian Province is located in the southeastern corner of the subtropical
monsoonal region of China. It has been traditionally called the "mountain country in the
southeast" due to its deeply dissected mountain terrain and its hard-to-pass bordering
mountain ranges. The province has a total area of 121,380 km2 (5,000 km2 smaller than
the sate of Louisiana) and lies between latitudes 23°33'N and 28°19'N and longitudes
115°50'E and 120°43'E. The province is bordered by the Pacific Ocean in the east and
has a coastline of 3,051 kilometers (Fujian Normal University, 1987). Neighboring
provinces include Zhejiang Province to the north, Jiangxi Province to the west and
northwest, and Guangdong Province to the south and southwest (Fig. 1). Due to a
unique combination of geographical location, history, topography, and climate, the
province provides an excellent opportunity for geographers to study the recent history of
vegetation change and the effects of increasing human disturbance.

In general, the province can be considered as consisting of a series of NNE-SSW
oriented mountains and valleys that gradually dip down to the southeast (Fig. 9). The
northwestern portion of the province is occupied by the Wuyi Mountain Range which
runs approximately NNE-SSW. This mountain range is made up of several mountain
peaks including Huanggang (2,158 m), Huanglianmu (2,103), and Dushujian (2,128 m).
It serves as a natural boundary between Fujian and Jiangxi provinces. The mountain
range is crossed by a series of NWW-SEE fault lines and, therefore, has several breaks
that have served as strategic "gateways" for human migration in the past. The middle
portion of the province is dominated by the Daiyun Mountain Range which is made up of
23
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Figure 9.

A physiographical map of Fujian Province.
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several mountain peaks including Daiyun (1,856 m), Jiuxian (1,655 m), Shiniu (1,781
m), and Zhiyundong (1,629 m). Between the two major mountain ranges is a valley
which contains a series of intermontane basins. The southeastern portion of the province
is characterized by a series of rolling hills that gradually dip into the coastal lowlands
(Fujian Normal University, 1987).

Unlike other coastal provinces in China, Fujian Province has only a very narrow
strip of coastal plain. Most of the coastal plains in Fujian Province are found in estuary
and protected bay areas. Data from recent studies show that they were formed during the
mid-Holocene when sea level was about 3-5 meters higher than that of today (Xie et al.,
1986).

The rugged terrain of Fujian Province is a product of various episodes of faulting
and volcanic activities. Three important fault line systems can be identified by their
orientations and relationships to the present day topography. The NNE-SSW oriented
fault line system controlls the orientation of the two major mountain ranges in the
province. The other two fault line systems are WNW-ESE and E-W oriented and they
dissect the two major mountain ranges in many places, causing the formation of a series
of E-W oriented valleys.

(B)

Climate

Fujian Province is situated in the southern section of the Humid Subtropical Zone
of eastern China. Its climate is strongly influenced by the East Asian monsoon and
belongs to the Cfa climate of the Koppen classification. Most of the precipitation falls in
the late spring and early summer when the southeast (summer) monsoon prevails.
Winter is relatively mild and dry, but the region is affected by frequent outbreaks of cold
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air associated with the northwest (winter) monsoon (Academia Sinica, 1985; Ren et al.,
1979). In general, the mean annual temperature decreases from the south (21°C) to the
north (13°C), while annual precipitation increases from 1,000 mm along the coast to
2,200 mm on the windward slopes of the interior mountain areas (see Figs. 10 and 11).

Local relief plays a major role in affecting the climate of Fujian Province. The
NE-SW oriented Daiyun Mountain Range acts as a major topographic barrier to the
movement of both the summer and winter monsoons. The southeastern slope of the
range is exposed to the warm and moist air associated with the summer (southeast)
monsoon. During the winters, it is shaded by the range from the frequent outbreaks of
cold air from the north. As a result, the southeastern slopes of the Daiyun Mountain
Range enjoy a longer growing season (shorter and milder winter) and recieve abundant
annual precipitation. Because of this differentiation, the line joining the major peaks of
the Daiyun Mountain Range has long been used as a natural boundary to divide the
province into two different climate zones (Fig. 12). The area southeast of this boundary
belongs to the Southern Subtropical Climate Zone and it occupies about one third of the
province. Within this climate zone, the annual mean temperature varies between 19 and
22°C and frost rarely occurs. Annual precipitation ranges from 1,000 mm to 1,700 mm.
The majority of the province lies northwest of the boundary and belongs to the Middle
Subtropical Climate Zone. Compared to the Southern Subtropical Climate zone, this
climate zone in general is cooler and therefore has a shorter growing season. The
frequency of frost increases from 10 days to 40 days per year. The climate zone also
receives more precipitation due to the increased topographic relief. Annual precipitation
varies from 1,400 mm to 2,200 mm.

Due to the great topographic relief, a strong climatic gradient occurs along the
slopes of the major mountains. This is represented by the changes of temperature and
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Figure 10. Mean annual temperature of Fujian Province. The low mean annual
temperature in the central portion of the province is a result of local
topography. Data source: Fujian Normal University, 1987.
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Figure 11. Mean annual precipitation of Fujian Province. Data source: Fujian Normal
University, 1987.
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Figure 12. Major climate zones in Fujian Province. Data source: Fujian Normal
University, 1987.
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precipitation with elevation. For example, the mountain area of Daiyun Mountain Range
experiences a mean temperature lapse rate of 0.52°C/100 meters (Zhang and Lin, 1985).
Annual precipitation increases from 1,000 mm in the coastal plains to about 2,200 mm in
the upper mountain areas.

In summary, Fujian Province as a whole enjoys a climate that has distinct
seasonality: summers are warm and humid and winters are relatively mild and dry.
Regional variations in both temperature and precipitation occur due to the topographic
effects, proximity to the Pacific Ocean, and the latitudinal climatic gradients. On the
upper slopes of the two mountain ranges, climatic conditions show distinct altitudinal
zonation. Annual mean temperature declines with elevation while wind speed and
annual precipitation increase. These unique climatic conditions should be reflected in
the soil and vegetation.

(C)

Soil

Red earth (Ultisol according to the 7th Approximation) in various stages of
development is the major soil type in Fujian Province. This soil is the product of
excessive leaching. It is mostly confined to the areas below 800 meters. The zone from
800 to 1,000 meter is transitional from red earth to yellow earth. The yellow earth
occurs between 1,000 to 1,500 meters and is gradually replaced by the mountain meadow
peat above 1,500 m (Fujian Normal University, 1987).

Most of the red earth at lower elevations has been replaced by paddy soil after
prolonged rice cultivation under irrigation. Because of the rapid population growth, an
increasing number of foothills have been deforested and terraced for rice cultivation to
ease the local food demands.
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(D)

Vegetation

The "climax" or potential vegetation of Fujian Province belongs to the
subtropical broadleaved evergreen forest region (Liu, 1988). It can be further subdivided
into the southern subtropical monsoon rain forest and the middle subtropical broadleaved
evergreen forest (Lin and Qiu, 1985; Fujian Normal University, 1987). Data on the
composition and distribution of these two forest subregions are limited due to the largescale destruction of the natural vegetation in the lowland areas (below 500 meters) where
zonal vegetation used to grow. The reconstruction o f the regional vegetation pattern is
primarily based on a few remnant tree stands that have survived the destruction for either
religious reasons or due to inaccessibility. The purpose of such a reconstruction is to
gain some insights into the natural vegetation that once occupied the lowland areas of the
province.

1)

Southern Subtropical Monsoon Rain Forest

The area southeast of the Daiyun Mountain Range was once dominated by the
southern subtropical monsoon rain forest. This vegetation formation was primarily made
up of the members of the thermophilous families such as Myrtaceae, Lauraceae,
Theaceae, Annonaceae, Rubiaceae, Euphorbiaceae, Leguminosae, Elaeocarpaceae,
Myrsinaceae, Sapindaceae, and Fagaceae (Lin, 1990; Lin and Qiu, 1987). Remnants of
this vegetation formation can be found in a few remote locations of relatively low
elevation ( < 400 m). The appearance and structure of this formation were best described
by Wei (1988) in his study of a natural vegetation remnant between 220 and 350 meters
elevation in southern Fujian (Hexi, Nanjing County, 24°56'N, 117°14'E). Due to its high
degree of preservation, the site has been listed as one of the province’s nature preserves
since 1962. According to Wei (1988), the formation is dominated by dense broadleaved
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evergreen trees with abundant epiphytes and lianas, plank-buttress roots (mainly
Castanopsis hystrix, C. uraiana), stranglers (mainly Ecdysanthera utilis, Fissistigma
glaucescens, and Spatholobus suberrectus), and cauliflory (mainly Ficus wightiana,
Ficus hirta, Ficus chlorocarpa). No clear stratification exists in the canopy. The tree
composition is exceedingly rich in species. The following is a list of important tree
species within the nature preserve:

Castanopsis hystrix

Nandia recemosa

Castanopsis uraiana

Sarcosperma laurinum

Syzygium haicei

Pithecollobium clypearia

Schefflera octophylla

Elaeocarpus nitentifolius

Cryptocarya chinensis

Tricalysia viridiflora

Randia acuminatissima

Caseria villilimba

Engelhardtia roxburghiana

Antidesma fordii

Pithecellobium lucidum

Lindera metcalfiana

Elaeocarpus sylvestris

Canarium album

Cryptocarya chinigii

Pterospermum beterophyllum

Randia densiflora

Machilus oreophila

Neolitsea cambodiana

Endospermum chinense

Machilus pauhoi

Ilex memecylifolia

Bischofia javanica.

2)

Middle Subtropical Broadleaved Evergreen Forest

The area northwest of the Daiyun Mountain Range was once occupied by the
middle subtropical broadleaved evergreen forest. This vegetation was dominated by
members of the Fagaceae, Lauraceae, Theaceae, and Rosaceae families (Qiu and Lin,
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1987). It was confined to areas lower than 450 meters. Major tree components include
Castanopsis, Cyclobalanopsis, Lithocarpus, Schima, and Altingia. Lianas and epiphytes
are less common in this vegetation zone. An increased number of deciduous trees
(mainly Nyssa sinensis, Alniphyllum fortunei, Sassafras tzumu, Castanea henryi, Betula
luminifera, Quercus variabilis, C. sequinii, Taxus chinensis, Fokienia hodginsii, and
Amentotaxus argotaenia) are found within this vegetation zone.

The boundary between the Southern Subtropical Monsoon Rain Forest and the
Middle Subtropical Broadleaved Evergreen Forest has not been adequately defined due
to the lack of data on the natural vegetation. Various attempts have been made to use
climatic and/or soil conditions to draw this boundary (e.g. Fujian Normal University,
1987). The limitation of this approach is that one has to assume causal relations among
vegetation, soil, and climatic conditions. The reconstruction of this vegetation boundary
should be based on vegetation itself as much as possible. Although the destruction of the
natural vegetation has been quite severe, a few minor components of the original
vegetation such as fruit crops and certain special trees seem to have escaped from the
total destruction due to their economic values. Most of these tropical or southern
subtropical fruit crops and trees are frost-sensitive and they can only grow in the
Southern Subtropical Climate Zone. For the purpose of this study, the northern limit of
these fruit crops is used as the boundary between the two major vegetation zones. A
map (Fig. 13) showing the distribution of four frost-sensitive tropical/subtropical fruit
crops - Lichi, Longan, Banana, and Pineapple - was compiled from the 1991 Fujian
Yearbook of the Countryside Statistics (Fujian Statistics Bureau, 1991) to show the
approximate extent of the Southern Subtropical Monsoonal Rain Forest.
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Figure 13. Occurrence of the four selected tropical/subtropical fruit plants (Lichi,
Longan, Banana, and Pineapple) by county in Fujian Province. The dash line
represents the approximate northern limit of the Southern Subtropical
Monsoonal Rain Forest. Data source: Fujian Statistics Bureau, 1991.

35

3)

Altitudinal Vegetation Zones

The vegetation pattern of Fujian is furthered complicated by the superimposed
altitudinal vegetation belts due to the mountainous terrain. A complete vertical
vegetation zonation for Fujian Province would range from the southern subtropical
monsoon rain forest on the lower slopes through the evergreen sclerophyllous broad
leaved forest, the mixed conifer-hardwood forest, and the coniferous forest, to subalpine
shrub and meadow. Today, this altitudinal vegetation zonation is represented by
vegetation which survives in remnants and some locally protected slopes in different
elevations. A potential altitudinal vegetation zonation (Fig. 14) was produced by piecing
together these remaining fragments of the primeval forest.

Subtropical M ountain M eadow: In Fujian Province, the subtropical mountain
meadow occurs in most of the mountain tops. It can extend downwards to as low as
1,400 meters depending on the elevation of a specific mountain. In the Huanggang
Mountain area, this vegetation type is mainly confined to the areas above 1,900 meters
(Lin, 1990). In Daiyun and Jiuxian mountain areas, this boundary occurs at about 1,500
meters (Fujian Normal University, 1987). This vegetation formation is dominated by
grass and/or herbaceous taxa, such as Eulalia speciosa, E. quadrinervis, Calamagrostis
arundinacea, Arundinella hirta, Meliniopsis hui, Carex sp., Rhynchospora rubra, and
Miscanthus sinensis. It is sometimes mixed with a few isolated shrubs and short trees
(e.g., Rhododendron spp., Pinus taiwanesis, Ilex spp.). Strong winds and low
temperature are believed to be the major limiting factors.

M ountain B ush and Shrub: This vegetation type is a transitional zone between
the subtropical mountain meadows and the mixed conifer-hardwood forest. It is best
represented in the Huanggang Mountain area between 1,700 m and 1,900 m (Lin, 1990).
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Figure 14. Altitudinal vegetation zones from the Huanggang and Daiyun mountains in
Fujian Province. Based on data from Fujian Normal University, 1987 and
Lin, 1990.
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In Daiyun and Jiuxian mountain areas, this vegetation type occurs in patches due to
greater human disturbance and does not form a continuous zone. The vegetation type is
characterized by its short and bent growth form and the occurrence of abundant hanging
moss and epiphytes. They are the results of a moist, cold, windy, and foggy
environment. Its vegetation composition is dominated by Clethera cavaleriei,
Symplocos ernestii, Buxus sinica var. parvifolia, Rhododendron kiangsiense, Eurya
saxicola, and Cyclobalanopsis multinervis.

M ixed C onifer-hard wood Forest: The mixed conifer-hardwood forest is
mainly confined to 1,400 - 1,800 meters in the Huanggang Mountain area. The dominant
conifereous species in this zone is Pinus taiwanensis. Other coniferous trees include
Tsuga chinensis, Tsuga longibracteata, Cryptomeria japonica, Cryptomeria fortunei,
Podocarpus nagi, Pseudotsuga wilsoniana, Taxus chinensis, Keteleeria fortunei,
Cephalotaxus fortunei, Fokienia hodginsii, and Glyptostrobus pensilis. Major hardwood
trees in this zone include Castanopsis spp, Quercus phillyraceoides, Cyclobalanopsis,
Schima, Altingia, Myrica, Cinnamomum, and Machilus. Also intermixed in this
vegetation zone are several deciduous trees including species of Betula, Carpinus,
Fagus, Corylus, Ulmus, Pterocarya, Tilia, Ilex, and Alnus. This vegetation zone has the
greatest floristic diversity. It contains not only a large number of subtropical
broadleaved evergreen species, but also some temperate deciduous components. In the
Daiyun and Jiuxian mountain areas, components of this vegetation zone can be found
between 1,100 and 1,500 meters. Most of the mountain slopes within this elevation zone
is currently dominated by pine woodlands.

Subtropical B roadleaved Evergreen Forest: The subtropical broadleaved
evergreen forest is the lowest recognizable vegetation zone. It is confined to the
mountain slopes below 1,300 meters in the Huanggang Mountain area. This vegetation

38

type is dominated by the subtropical members of the Fagaceae, Lauraceae, Theaceae,
Myricaceae, Hamamelidaceae, and Magnoliaceae families (Qiu and Lin, 1987). Pinus
massoniana and Cunninghamia lanceolata are the two major conifereous species in this
zone. At lower elevations, this vegetation type is mainly composed of Schima superba,
Cyclobanopsis glauca, Castanopsis eyrei, C. fargesii, C. tibetana, C. fordii, C. lamontii,
C.fabri, Lithocarpus harlandii,, L. hancei, and Altingia gracilipes. At higher
elevations, these evergreen species are replaced by Schima superba, Cycloblanosis
multinervis, C. myrsinaefolia, C. sessilifolia, Quercus phillyraceoides, Lithocarpus
cleistacarpus, and L. harlandii. In the Daiyun and Jiuxian mountain areas, this
vegetation zone is found mostly below 1,100 meters and is represented by a few patches
of relatively well protected tree communities. The dominant species of these remnants
include Castanopsis eyrei, C.fabri, C. carlesii, Lithocarpus spp., L. habceu, Castanea
spp., Quercus spp., Schima superba, Adinandra millettii, Ternstroemia gymnanthera,
Camellia latilimba, Altingia chinensis, Distylium racemosum, Cinnamomum camphora,
Machilus microcarpa, and Elaeocarpus decipiens.

In addition to the above generalized vertical vegetation zones, there are several
species that have distinct distributional ranges. This is especially true in the Huanggang
Mountain area where vegetation is less disturbed. A list of important indicator species in
the Huanggang Mountain area (Table 1) is included here as part of the pollen rain study.

Tsuga chinensis var. tchekiangensis is an important indicator species in the study
area. Tsuga forest has been found in many other mountains in China where it forms a
continuous vegetation zone (P. Liu and X. Qiu, 1980). It has been suggested that the
position and the elevation range of a Tsuga belt are determined primarily by the
geographical location and the height of the mountain body. To have a complete Tsuga
belt, the mountain should be at least 4,000 meters high. The higher the mountain, the
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Table 1.

A list of important indicator species and their elevation ranges
from the Huanggang Mountain area

Distribution Range (m)

Sources

Pinus massoniana

< 1,200

( 1), (2 )

Pinus taiwanensis

> 1,200

( 1), (2 )

Cunninghamia lanceolata

< 1,200

(1), (2), (3)

Tsuga chinensis

1,500- 1,800

(1), (3)

Betula spp.

1,000- 1,300

( 1)

Schima suberba

< 1,300

( 1)

Liquidambar formosana

< 1,400

( 1)

Altingia chinensis

< 1,400

( 1)

1,500- 1,700

( 1), (2 )

Species Name

Cryptome ria fortune i
(1) Lin, 1990
(2) Fujian Normal University, 1987
(3) Author
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wider the Tsuga belt. The elevation at which the Tsuga belt occurs seems to decrease
from north to south, and from west to east. While the Huanggang Mountain (2,158 m) is
not high enough to allow the development of a continuous Tsuga belt, it is high enough
for Tsuga trees to grow. Most of the Tsuga trees in Huanggang Mountain are found
within a narrow zone between 1,500 and 1,800 meters. In Daiyun Mountain area,
Tsoong (1938) reported the existence of hemlock (Tsuga longibracteata) in 1938. As of
1990, no trace of hemlock could be found within the area. It must have become locally
extinct some time during the last 50 years.

Cryptomeria fortunei, a huge pyramidal evergreen coniferous tree with spreading
branches, is one of the species that has almost been wiped out from the study area by
logging. The remaining trees can only be found around a few remote temples and
villages. This species grows best in moist and mild environments (annual precipitation >
1,000 mm, mean annual temperature between 14° C and 19° C, January mean
temperature > 0°C). It also enjoys moist and cool summers (Zheng, 1982). A pure
Cryptomeria stand was found on a northeast-facing slope between 1,500 and 1,700
meters in the Huanggang Mountain area.

Chinese fir (Cunninghamia lanceolata) is another important indicator species.
Under the present conditions, it grows extremely well in the moist and fertile soils but is
usually confined to areas below 1,200 meters.

Pinus massoniana and Pinus taiwanensis are found to have distinct elevation
ranges. The former is mainly confined to mountain slopes below 1,200 meters while the
latter grows mainly above 1,200 meters. They dominate most of the mountain slopes
that have been repeatedly disturbed. In the relatively well protected areas, they occur
only on steep slopes.
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4)

Important Modern Vegetation Associations

Today, potential vegetation is confined to patches and remnants. The actual
vegetation is a result of long term human disturbance. Important actual vegetation
associations in Fujian Province include pine woodlands, Chinese fir and bamboo
plantations, and mangroves.

Pine W oodland: Pine woodland is the most common modern vegetation
association throughout subtropical China. The forest layer of this vegetation association
is completely dominated by pine trees (Pinus massoniana) and the ground layer often
dominated by various species of Rhododendron. The pure stands of pines are usually
quite open (Fig. 15), and allows the growth of a dense ground layer of Dicranopteris
dichotoma, a heliophytic fern of the Gleicheniaceae family. Until recently, the local
people had completely relied on the forest for fuel wood. Every year tree branches are
trimmed down and kept on the forest floor and air-dried before they are collected. This
practice greatly increases the chance of forest fires on the one hand, and on the other it
interrupts the natural process of forest succession by maintaining an open canopy. Pine
trees flourish in this environment because they are fire-adapted and can grow well in
infertile soils. They represent only a transitional stage in the forest succession and would
eventually be replaced by evergreen sclerophyllous broadleaved trees in the absence of
repeated human disturbance (Chen and Huang, 1991).

Plantations of Cunninghamia lanceolata and Bamboo: Efforts to reforest the
deforested terrains are quite successful in some areas of the province. It is estimated that
more than 17% of the total vegetated areas of the province are plantations of
Cunninghamia and bamboo (Fujian Normal University, 1987). Most of them were
planted in relatively fertile soils near villages.
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Figure 15. A sample view of the subtropical pine woodland landscape. It is a common
landscape in the subtropical mountain areas o f southeastern China. This
secondary vegetation type is dominated by Pinus massoniana with
Rhododendron simsii and Dicranopteris dichotomas as its major ground
layer components.
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M angroves: Mangrove forest is a special vegetation type. It is also extensively
disturbed. It grows in salt or brackish water on tidal flats below the high tide mark along
the mainland coasts and the shores of islands. It can extend inland along streams and
rivers where the water is brackish. There are 29 potential species of mangrove growing
along the southeast coast of China (from 18°09'N to 27°20'N). Because of the
latitudinal climatic gradient and other local factors such as tidal range and surface
sediment types, the number of species and the height of the mangrove trees decreases
from south to north (Wang, 1975; Lin, 1981; Lin and Hu, 1983). Six species of
mangroves (Bruguiera cylindrica, Kandelia candel, Avicennia marina, Aegiceras
corniculatum, Excoecaria agallocha, and Acanthus ebracteatus) are currently growing
along the coast of southern Fujian Province. The number decreases to only one species
(.Kandelia candel) along the northeastern coast of the province.

CH APTER 4
M ETHODOLOGY

(A)

The Research Design

Pollen analytical techniques have been successfully used to detect horizontal
movements of ecotones during the postglacial period in North America (e.g.,
McAndrews, 1966; Nichols, 1967, 1970; Mott, 1973; Richard, 1979; Liu, 1982, 1990;).
Pollen and macrofossil data have also been used to infer significant treeline depression
and climatic cooling during glacial times on the eastern slope of the South American
Andes (van der Hammen, 1974; Liu and Colinvaux, 1985; Bush et al., 1990). In both
cases, the reconstruction of past vegetation is based on a good understanding of ( 1) the
modern vegetation; (2) pollen production, dispersal, and preservation; (3) the
relationships between pollen and vegetation; and (4) the effects of time and spatial
scales. The key component of these studies is the reconstruction of past vegetation in
terms of composition and spatial pattern of the source vegetation based on individual
pollen and plant-macrofossil assemblages recovered from one or several spatially
separated sites. In a mountainous landscape, additional considerations of the steep
vertical vegetation gradient and its implications for the pollen dispersal process are
necessary. Because elevational gradients compress broad latitudinal climatic and
vegetational gradients into a relatively short distance along mountain slopes, pollen
records from montane sites are more sensitive to short-term and low-magnitude
vegetation and climatic changes (Gaufreau et al., 1989). However, this advantage is
often hindered by the difficulties in pollen interpretation due to uncertainties about
pollen dispersal in a mountain environment.
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The research design of this study is primarily determined by three main
considerations. First, since the study area is dominated by a series of rolling mountains,
therefore, a reconstruction of the past vegetation will not be complete without looking
into its vertical variation. Therefore, attempts were made to encompass a wide range of
this vertical variation by selecting coring sites from different elevations. Secondly, the
intensity of human disturbance seems to decrease with increasing elevation due to issues
related to accessibility. To characterize the unique pollen signature of human
disturbance in the study area, a comparison of pollen rain composition along this vertical
gradient is desirable. Thirdly, a reconstruction of past vegetation based on fossil pollen
records in a mountainous environment will require information on the importance of
uphill and downhill pollen dispersal to the local pollen deposition. To satisfy the last
two requirements, a pollen rain study based on surface samples from different elevations
was included in this research.

The research design was also affected by the unavailability of small natural lakes
in the region. Because of this, subalpine peat-filled depressions in headwater areas, or
dambos (e.g., Mackel, 1974; Meadows, 1985), were substituted to provide continuous
sedimentary records for pollen analysis. As described by Meadows (1985), dambos are
elongated depositional features commonly found in valley bottoms near the headwater
zones of river systems. Sedimentary records from them have been successfully used for
paleoenvironmental ieconstruction in Africa (eg., Meadows, 1985, 1988a, 1988b). It has
been suggested that the formation of a dambo is a function of climatic, hydrological,
geomorphological, and ecological changes. The organic sediments found in dambos will
not accumulate until conditions within the dambo become moist enough and/or cool
enough for the processes of organic matter decomposition to be significantly retarded.
Sedimentary characteristics reflect changes that take place within the catchment of the
dambo. Climatic change can cause changes in local vegetation and hydrology, which
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will in turn cause further changes in the catchment (e.g. intensified erosion or reduction
in surface erosion). The final result is a sedimentary record that reflects changes
occurring within the catchment area. In addition to the sedimentary record, fossil pollen
grains are usually well preserved in dambo sediments. All these factors combine to
make the dambo a good candidate for providing information appropriate for
paleoenvironmental reconstruction. Since they are located at the tops of drainage basins,
they can be most effectively used for reconstructing past vegetation in mountain
ecosystems.

(B)

Field Work

Two field trips to Fujian Province were made for this dissertation research. The
first one was a reconnaissance trip conducted between December 7, 1988 and January 5,
1989. The main objective was to locate suitable sites for coring. The second trip was
conducted between July 1 and August 5, 1990. Most of the surface and sediment
samples were collected during the second field trip. Four major tasks were accomplished
during these two trips:

1)

Site Selection

During the first trip, attempts were made to locate small natural lakes for coring
from both coastal lowland and upland mountain areas. Unfortunately, such small lakes
are non-existent within the province. Instead, several subalpine peat bogs were located
in the Daiyun Mountain Range and their potential for providing a continuous
sedimentary record was explored (Fig. 16). These peat bogs were found on valley
bottoms near the headwater zones (1,360 to 1,550 meters above sea level). They usually
have a flat bottom and are poorly drained. The marshy environment has allowed the
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Figure 16.

Location map of coring sites. Core 1 and Core 2 were taken from the Jiuxian Mountain
and Core 3 from the Daiyun Mountain.
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accumulation of peat layers which range in thichness from 0.6 to 1.5 meters. These peat
bogs are similar to the geomorphological feature described by Meadows (1985, 1988a,
1988b) as dambos in southern Africa. The three selected coring sites are listed in Table
2.

Site 1 (Fig. 17) is a small semi-closed elongated depression located in the
headwater zone of the Jiuxian Mountain (approximately 25°42'20" N and 118o06'15" E).
It is about 30 m by 50 m in dimension. The elevation of the site is 1,360 meters, which
was read from an altimeter. Although the catchment area of the site (approximately 0.1
km2) is within the range of the mixed conifer-hardwood forest zone, its is mostly
covered by short pine trees mixed with grasses and ferns. The surface of the dambo is
covered by some aquatic plants. The modem tree community growing in the immediate
downstream area is dominated by Pinus taiwanensis, Ternstroemia gymnanthera, T.
kwangtungensis, Cyclobalanopsis glauca, Castanopsis fabri, Lithocarpus hancei,
Ficrasma quassioides, Dendropanax dentiger, and Adinandra glischroloma. Shrubs
growing on the forest floor include Ilex creanata, Rhamnus utilis, Litsea cubeba,
Vaccinium bracteatum, Ardisia sp., Raphiolepis rugosa. Major ferns include
Hicriopteris spp. and Dicranopteris dichotomas. A winding dirt road (upper right comer
of Figure 17) cuts through the margin of the drainage basin.

Site 2 (Fig. 18) is situated in a valley bottom about two kilometers away from
Site 1. The elongated peat-filled bottom is about 100 m by 900 m and has a catchment
area of approximately 0.5 km2. The upper slopes are dominated by pine trees (Pinus
taiwanensis) and shrubs. The valley bottom is covered by a dense thicket intermixed
with abundant Pleioblastus amarus, Miscanthus sinensis, and Gramineae. The elevation
at the site was 1,470 meters, and it is situated in the bush and shrub zone.
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Table 2.

Site #

Coring site information

Elevation
Latitude
LongitudeDambo
Catchment
_____ (m)________________________
Size (m)
Size (km2)

1

1,360

25°42'20"N

118°06'15"E

30x50

0.1

2

1,470

25°42'50"N

118°06'08"E

100x900

0.5

3

1,550

25°40T5"N

118°11T2"E

100 x 5 0 0

0.2
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Figure 17. Site 1 viewed from the north. The coring location is indicated by the arrow
in the picture. The elevation of the site is 1,360 meters. The catchment area
of the site is covered by short pine trees, grasses, and ferns.
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Ip itlflli

Figure 18. Site 2 viewed from northeast. The coring site is indicated by an arrow in
the picture. The elevation of the site is 1,470 meters and it is within the bush
and shrub zone. Most o f the catchment area is dominated by Gramineae,
Pinus taiwanensis, Pleioblastus amarus, and Miscanthus sinensis.
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Site 3 (Fig. 19) is a dambo called Lianhuachi (Lotus Pond) in Daiyun Mountain
(approximately 25°40'15"N and 118°11'12"E). This dambo is about 100 meters wide and
500 meters long, and has accumulated peat that ranges from 0.5 to 1.0 meter in
thickness. There are a few places where this peat layer has been removed by surface
erosion. A few in situ tree stumps were exposed by surface erosion. The modem
vegetation of its entire catchment area (Approximately 0.2 km2) is subtropical mountain
meadow with a few isolated short pine trees (Pinus taiwanensis). The elevation of the
coring site is 1,550 meters, and the site is about ten kilometers southeast of Sites 1 and
2. Soil on the slopes of the catchment basin is thin and not very well developed. Trees
(mainly Pinus taiwanensis) and shrubs (mainly Rhododendron ovatum, Clethra
cavaleriei, Erythroxylum kunthianum, Fraxinus sp., Toxicodendron succedana, Bredia
sinensis and Lit sea cubeba) start to occur below Site 3 at an elevation of 1,400 meters.

2)

Coring

Coring was done during the second field trip between July 1 to August 5, 1990.
Although Sites 1 and 3 were saturated with water, the surfaces were firm enough to walk
on without any special equipment. The same coring procedures were used as those used
in a lake environment. Before coring at each site, the thickness of sediment was roughly
measured with an iron rod that could be driven vertically down to the bottom without
bending. All cores were extracted from locations where the sediment was the thickest.
A modified squared-rod piston sampler with a serrated end was used to penetrate the peat
layers. Without exception, all three cores were terminated by coarse gravel and sands at
their bottoms. The longest core, 130 cm, was recovered from the second site. Each
sediment core was cut lengthwise into two halves for stratigraphic inspection as soon as
it was extruded from the piston corer. It was then subsampled at 5 cm intervals and
scraped clean with before it was put into a numbered plastic sample bag for shipping.
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Figure 19. An overview of Site 3. The coring site is indicated by an arrow. The
catchment area of the site is dominated by the subtropical mountain meadow.
The elevation of the site is 1,550 meters.
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3)

Surface Sample Collection

Twenty-two moss samples and two surface sediment samples (see Table 3) were
collected from various elevations on mountain slopes in Fujian Province for a modern
pollen rain study to document the relationship between modern vegetation and pollen
rain. The results of this study will be helpful for the local vegetation and climate
reconstruction. The collected surface samples represent three vertical transects from two
major mountain ranges. The first transect (Huanggang Mountain transect) consisted of
eleven samples taken within the Wuyishan Nature Preserve in northern Fujian where the
natural vegetation is relatively well preserved. The transect covers vegetation on the
southern slope of the Huanggang Mountain from 530 m to 2,050 m. The second transect
consisted of seven surface samples from the southwestern slope of the Jiuxian Mountain
between 1,230 and 1,510 m. The third transect of surface samples was collected from
the southern slope of the Daiyun Mountain between 900 and 1,550 m. The details on the
vegetation along these three transects were presented in Chapter Five.

Several sampling strategies were adopted in order to collect surface samples that
truly represent natural vegetation. The most important strategy was to avoid sampling in
sites that were covered by dense herbs and shrubs that tended to shield the moss from
receiving the air-transported pollen and spores from the surrounding area. Whenever
possible, samples were collected at equal elevation intervals of 50 meters.

4)

Literature Collection

During both field trips, attempts were also made to collect modern climate and
vegetation data for studying the relationships between the local vertical climatic gradient
and the vegetation zonation. Several publications (in Chinese) that contain important
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Table 3.

Surface samples collected from Fujian Province

Sam ple ID

Location

Elevation (m)

M aterial

SS90-10

Huanggang Mt.

1,950

moss

SS90-11

Huanggang Mt.

2,010

moss

SS90-12

Huanggang Mt.

2,050

moss

SS90-13

Huanggang Mt.

1,820

moss

SS90-14

Huanggang Mt.

1,780

moss

SS90-15

Huanggang Mt.

1,720

moss

SS90-16

Huanggang Mt.

1,580

moss

SS90-17

Huanggang Mt.

1,370

moss

SS90-18

Huangang Mt.

1,230

moss

SS90-19

Huanggang Mt.

650

moss

SS90-20

Huanggang Mt.

530

moss

SS90-21

Jiuxian Mt.

1,230

moss

SS90-22

Jiuxian Mt.

1,250

moss

SS90-23

Jiuxian Mt.

1,320

moss

SS90-1

Jiuxian Mt.

1,360

moss

CS90-2-1

Jiuxian Mt.

1,470

peat

SS90-24

Jiuxian Mt.

1,380

moss

SS90-25

Jiuxian Mt.

1510

moss

SS90-5

Daiyun Mt.

900

moss

SS90-6

Daiyun Mt.

910

moss

SS90-7

Daiyun Mt.

1,210

moss

SS90-8

Daiyun Mt.

1,220

moss

SS90-9

Daiyun Mt.

1,300

moss

CS 90-4-1

Daiyun Mt.

1,550

peat
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local vegetation and climate data were located and collected. To date, there are no
systematic studies of the spatial distribution pattern of the local vegetation. Most of the
available data are only descriptive and qualitative. I did as much as possible to validate
these data while I was in the field.

(C)

Sample Processing and Pollen Identification

1)

Loss-on-ignition Analysis of Core Samples

Subsamples (approximately 4 g) were taken from all sediment core samples to
determine their water content, organic matter content, and inorganic carbonate content by
means of loss-on-ignition analysis. Attention was paid to the samples that contained a
lot of water. Those samples required a larger volume of sediment than the normal one to
assure reliable results.

Water content was determined by calculating the weight loss in the sediment
sample after it had been heated in an oven at 105°C for 24 hours. It is expressed as a
percentage of wet sediment weight. The determination of organic matter and carbonate
content followed the procedures suggested by Dean (1974). The dried sediment samples
(Wdry) were first heated in a muffle furnace at 550°C for one hour and then weighed
(W 550 ). They were then heated again at 1,000°C for another hour and then weighed
( W jooo).

The organic matter content, expressed as percentage of the dry sediment

weight, was calculated by Equation (1), the carbonate content was determined using
Equation (2), and the residual was calculated by using Equation (3).

Organic Content (%) = (Wdry - W 550 ) / Wdry

( 1)
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Carbonate Content (%) = (W 550 - Wjooo) I W dry

(2)

Residual (%) = W ]0oo / Wdry

(3)

In all analyses, the ignited sediment samples were kept in porcelain crucibles and
were cooled to room temperature in a desiccator before they were weighed. Weighing
was performed using an electronic balance with an accuracy of ± 0.0001 g.

The results of the loss-on-ignition analysis were plotted and used as a visual aid
to determine which sample to submit for C-14 dating. Seven sediment samples and two
wood samples were sent to Beta Analytic Inc. of Coral Gables, Florida, for C-14 dating.
Before submission, each sample was carefully scraped clean with a knife to avoid
possible contamination. According to Beta Analytic Inc., the submitted sediment
samples were carefully examined and picked for identifiable intrusive rootlet
contamination before they were treated with dilute warm acid solutions. The wood
samples were further treated with dilute alkali solution to remove any humic acid
contaminants. The samples were then thoroughly rinsed with hot distilled water before
they were dried and synthesized to benzene for counting.

2)

Pollen Analysis

Pollen analysis was performed in the Quaternary Paleoecology Lab at LSU.
Sample processing was performed following the pollen extraction procedure described
by Liu (1982). About 0.9 ml of wet sediment was taken from each sample. To calculate
pollen concentration, one Lycopodium tablet (containing about 10,850±200 spores) was
added to the sample before processing. The sediment samples were first treated with
10% HC1 to remove carbonates. They were then treated with warm 10% KOH to
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remove organic matter and humic substances. This was followed by treatment with
hydrofluoric acid (HF) to remove silicates, and then an acetolysis solution (a 9:1 mixture
of acetic anhydride and concentrated sulfuric acid) to remove cellulose. After each step,
the samples were concentrated by centrifuging. At the end, the pollen concentrate was
stained with safranin to improve visibility, suspended in a medium of silicone oil, and
mounted on a microscope slide for identification.

A slightly different procedure was followed for processing the moss samples.
Instead of using HC1, warm 10% KOH was used first to soften the mosses so that the
pollen grains could be washed off easily. Mosses were stirred vigorously with an
applicator while the KOH solution was being heated. Filters were used to remove the
moss fragments and sand grains before the KOH solution was transfered to the numbered
test tubes for centrifuging. Several cycles of centrifuging were required to transfer the
materials that were washed off from the mosses into the test tubes. Once this was done,
the samples were washed with HC1 and then processed by the normal procedures
described earlier.

Pollen identification was performed in the Quaternary Paleoecology Lab at LSU.
A Nikon microscope equipped with a Nikon Automatic Microflex Model HFX-II
photomicrographic system was used to count pollen and spores contained in the
individual samples. Four-hundred time magnification was used for all pollen counts.
Due to insufficient modern reference slides for the study area, the identification relied
heavily on consultation with the published keys and photographs by Song (1965), Huang
(1972), McAndrews et al., (1973), Academia Sinica (1976, 1982), and Jarvis et al.
(1992). Representative and unknown pollen grains were photographed at 400X for
future reference. An attempt was made to link the Nikon microscope to a computer
equipped with image capture and processing utilities through a specialized color video
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camera provided by the Computer Mapping Science Lab at LSU. This portion of the
work was conducted in the Remote Sensing and Image Processing Laboratory at LSU. A
HR Coupler and an "O" Clamp were required to mount the video camera to the Nikon
microscope. Video output was then sent to an Intergraph workstation (InterPro 6280
with 32 MB memory, EDGE II graphics display, and an Intergraph Frame Grabber).
Twenty-four bite true color images (800 X 600 pixels) were captured from the Frame
Grabber and saved to image files by using Intergraph's ModelView software, an image
processing and displaying package. Once an image was captured and saved, it was
viewed on the workstation or downloaded to floppy diskettes and then imported and
displayed on a PC. The advantages of using such a system include being able to view
pollen grains on a computer screen and to create a digital database for all the identified
pollen grains for future reference. Such a database will permit the efficient querying and
retrieval of a specific pollen grain image. In addition, it will be possible to use image
processing utilities (e.g. size and texture analysis, pattern recognition, and image
enhancement) to aid the pollen identification.

To maintain a reliable statistical basis for making paleoecological and
paleoclimatic interpretation from the pollen counts, at least 300 grains were counted for
each sample. It has been suggested that the curve for 95% confidence intervals become
relatively stable when more than 250 pollen grains are counted (Maher, 1972).

During the course of pollen identification, attempts were made to differentiate
between Pinus mansoniana and Pinus taiwanensis, the only two pine species in the
province. According to Song (1965) and Jiang et al., (1986), the detectable difference
between the pollen grains of these two species is mainly their sizes. The most often used
size parameter for describing pine pollen grains is its total length at equatorial view.
Pinus mansoniana (57-77 microns) is smaller than Pinus taiwanensis (67-90 microns) in
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terms of length at equatorial view. Since there is a 10 micrometer overlap in their sizes
and their pollen grains are very often folded or flattened, separation between the two
species based on size statistics alone is unreliable. The two pine species were counted as
one pollen type.

Pollen grains of Castanopsis, Castanea, and Lithocarpus were identified as
Castanopsis-type because it was not possible to make reliable separation between them
based on the available identification keys. Pollen grains within this group are small: (1029) x (7-28) |im. Their common characteristics include tricolporate, prolate to
suboblate, and long colpi. For the same reason, Altingia and Liquidambar were
identified as Altingia / Liquidambar. Attempts to differentiate between evergreen and
deciduous oaks (Quercus spp.) were not successful due to lack of reference slides.

(D)

Statistical Analysis and Data Presentation

Pollen analysis results can be expressed as percentages, as concentrations, or as
influxes (Grimm, 1988). A pollen diagram, if properly constructed, can serve as a useful
visual tool for data comprehension and communication. A pollen percentage diagram is
constructed based on a pollen sum which can include all or part of the pollen grains
counted. This type of pollen diagram is effective in showing the relative importance of
the individual pollen types, but may be misleading if not properly constructed. The
percentages of different pollen types are interdependent. A decline in some pollen types
will cause a corresponding increase in all other pollen types even if the actual abundance
of the latter remains the same. Another shortcoming of the percentage presentation and
analysis is its insensitivity to absolute pollen changes. A change in pollen concentration
or in pollen influx will not be reflected on a percentage diagram if the relative ratios
among the different pollen types remain the same.
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Pollen concentration, defined as the number of grains per unit volume
(grains/cm ), is a measure of the abundance of pollen grains in a sediment sample. It is
estimated from the ratio between the exotic Lycopodium spores added to the sediment
samples at the beginning of the sample processing and the fossil pollen counted. For this
research, the calculation of pollen concentration was performed by a computer program.
The following numerical formula was used by this program to compute the
concentration:

Pc = (L0/Lc) * (Pj/V)

(4)

where Pc is the pollen concentration, L0 and Lc are the numbers of exotic Lycopodium
3

spores added and counted, respectively, V is the volume (in cm ) of sediment used for
the analysis, and Pj is the pollen grains identified, total or individual type. The
advantage of the concentration data analysis is the independence among the different
pollen types. However, the shortcoming is that these data provide no information on the
rate of pollen deposition.

The concept of pollen accumulation rate or pollen influx was introduced (e.g.
Davis, 1967; Waddington, 1969) to represent the number of grains deposited within an
unit area over a certain time period (grains/cm2/year). The most appropriate use of
pollen influx data is in the comparison of different stratigraphic zones along a
stratigraphic profile. Inlux data are sensitive indicators of changes in depositional
environment and vegetation composition. The prerequisite for using this technique is
that the pollen sequence has sufficient and reliable dating control.

Pollen diagrams are often divided into zones. The purpose of using pollen
assemblage zones is to aid interpretation and discussion of pollen diagrams. A zone can
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be defined by visual inspection o f a pollen diagram or by numerical analysis.
Constrained cluster analysis, a multivariate analytical technique, is often used for this
purpose (Prentice, 1986). The advantage of this technique is that it can take into account
the stratigraphical ordering of the samples and has the concept of a pollen zone as an
assemblage of pollen preserved in a sediment body (Birks and Gordon, 1985; Birks,
1986b). The general goal of the stratigraphically constrained cluster analysis by the
method of incremental sum of squares is to minimize the total within-cluster dispersion
for g group around g centroids. In other words, the goal is to divide the sequence of
pollen samples into a few relatively homogeneous groups. This is achieved by the
progressive merging of two adjacent clusters that produce the least increase in sum of
squares (or dispersion). The result of this agglomerative process is usually illustrated by
a dendrogram.

Tilia, a PC-based computer software for managing palynological data from
developed by the Illinois State Museum, was used to input the raw pollen counts and
perform the numerical calculations and analysis. Composition and plotting of percentage
and influx diagrams were performed by using Tilia*graph, the plotting utility of Tilia.
Raw pollen counts were stored in a TIL file and the graphics data were saved in a TGF
file. The percentage of each pollen taxon was based on the total sum, which includes all
the terrestrial pollen taxa and spores.

The constrained cluster analysis of fossil pollen data was performed using the
data analysis program (CONISS) provided by Tilia. CONISS is a C version o f the
original CONISS which was written in Fortran 77 for stratigraphically constrained
cluster analysis by Grimm (1987). Instead of reading data from an ASCII file that
follows a certain format, Tilia's CONISS program reads pollen counts from its
spreadsheet files. In addition, C long double variables (10 byte storage for floating point
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numbers) are used to reduce the problem of accumulated rounding error. The resulting
precision is greater than that available with Fortran double precision on IBM, DEC, and
most other mainframe computers. The program can also perform unconstrained cluster
analysis, which is useful for clustering random surface pollen samples.

All three pollen diagrams were zoned both subjectively by visual inspection and
objectively by the results of the numerical analysis to facilitate the description and
correlation. Pollen assemblage zones were numbered from the base upward.

E)

Calibration of Radiocarbon Dates

C-14 ages are determined from radiocarbon measurements using the half-life of
5570 years, and normalized to 13c = -25 per mil in the PDB-scale and related to the
international dating standard. Due to the variations in the l^ C /l^ c ratio of carbon
dioxide in the atmosphere through time, C-14 dates cannot be directly converted to
calendar years. Significant fluctuations of atmospheric 14c/12c have been documented
by the radiocarbon measurements of known-age tree rings of oak, sequoia, and Douglas
fir. They have been compiled to produce calibration curves by various laboratories (e.g.,
Stuiver, 1982; Baillie et al., 1983; Pearson et ah, 1983; Pearson and Baillie, 1983;
Stuiver and Pearson; 1993; Stuiver and Becker, 1993; Pearson and Stuiver, 1993).
Several database and computer programs have been developed for the calibration
purposes (e.g., Stuiver and Reimer, 1993).

The conversion from radiocarbon age to calendar age becomes especially
important when the dated samples are related to historical events. The conversion can be
done manually based on the published calibration curves (see Stuiver and Pearson, 1993;
Olsson, 1986) or be performed by computer programs (e.g., CALIB by the Quaternary
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Isotope Lab at the University o f Washington). Once the radiocarbon age is calibrated,
the conversion between the calibrated age and the calendar age (BC or AD) is relatively
easy. The relationship between the calibrated age (cal BP) and the calendar age (AD or
BC) is:

cal BP = 1 9 5 0 -AD

All

or

cal BP = 1949 + BC.

dates determined by Beta Analytic Inc. for this study were reported by

both the radiocarbon ages and the calibrated ages. The conversion of the radiocarbon
ages to the calibrated ages was performed by Beta Analytic Inc. through a special
request. Both ages are relative to the year AD 1950.

CHAPTER 5
M ODERN PO LLEN RAIN STUDY

The present-day relationship between vegetation and pollen rain is the basis for
reconstruction of past vegetation from fossil pollen records. The issue has been tackled
in many important palynological studies (e.g. Maher, 1963; Me Andrews, 1966; Birks,
1977; Markgraf, 1980; Liu, 1982; Peteet, 1986; Solomon and Silkworth, 1986; Spear,
1989; Jackson, 1991; Jackson and Whitehead, 1991), but only a small number of studies
deal with vegetation-pollen relationship in mountain environments. In contrast to the
relatively simple dispersal models for the vegetation in lowland areas (e.g., Prentice,
1985), pollen dispersal in mountain environments is more complex and therefore has
invited much recent interest from palynologists and paleoecologists. The common
approach is to compare the known vegetation with the modern pollen rain deposited on
the surface of lake sediments or moss polsters collected from different elevations along
the vegetational gradients.

Modern pollen rain in mountainous terrain, in general, has been found to be less
responsive to the vegetation. This phenomenon can be explained by the fact that
latitudinal vegetation gradients are compressed into a relatively short distance along
mountain slopes and, therefore, the inter-zonal pollen dispersal is easier. In addition, the
daily shift of upslope and downslope winds might increase the inter-zonal pollen
exchanges (e.g., Markgraf, 1980; Solomon and Silkworth, 1986). Another interesting
phenomenon in mountainous terrain is the relative increase of low elevation pollen in the
higher elevation samples. Data from several published studies reveal that along a
mountain slope more pollen are transported from lowland areas to higher elevations than
vice versa (Maher, 1963; Markgraf, 1980; Solomon and Silkworth, 1986; Peteet, 1986;
Spear, 1989). This phenomenon is most evident in the upper mountain zones where
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pollen is blown in over long distances and from forests at lower elevations. These
unique pollen dispersal characteristics pose both limitations and challenges for
reconstructing past vegetation from fossil pollen data in mountain environments. In such
an environment, fossil pollen collected from high elevations cannot be directly translated
into vegetation terms. The local and long distance components need to be separated. On
the other hand, the fact that a relatively large percentage of pollen comes from vegetation
at lower elevations suggests that the higher elevation pollen sites can provide
information on vegetation changes that took place in lowland areas.

The lack of data on pollen-vegetation relationships in the study area has made it
difficult to interpret and evaluate the few existing pollen records. For example,
altitudinal shifts of vegetation zones has been suggested to account for the high
percentages of broadleaved tree pollen (mainly Quercus, Cyclobalanopsis, Symplocos,
Liquidambar, Castanea, and Castanopsis) found in some unspecified stratigraphic
samples from the subalpine meadow zone of Huanggang Mountain (Zhao et al., 1982).
In addition to the uncertainties introduced by the lack of accurate C-14 dating control,
the interpretation is jeopardized by the lack of information on the importance of the
upslope pollen dispersal in the area. It is impossible to determine whether the
documented pollen assemblage was produced by the local vegetation or was blown in
from vegetation at lower elevations.

A pollen rain study based on moss samples from three vertical transects was
carried out in order to determine the pollen-vegetation relationships in the subtropical
mountain environment and to characterize pollen signatures of the disturbed (or
secondary) vegetation. The three transects are mostly confined to the higher elevations
rather than the lowland areas where vegetation has been totally destroyed (Lin, 1990).
The unavailability of surface pollen data for the lowland areas was not a major obstacle,
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because the main focus of this study was on the upper mountain areas where continuous
sedimentary records can be found.

A)

Huanggang Mountain Transect

The Huanggang Mountain (HM) transect encompasses almost the entire range of
the local altitudinal vegetation zones (from 530 to 2050 meters) in Huanggang Mountain,
which is probably the most complete and the most well-preserved natural vegetation
zonation in southeastern China. The mountain is the highest peak of the Wuyi Mountain
Range and it is the core of the Wuyishan Nature Preserve which occupies a total area of
579 square kilometers in northern Fujian Province. The Reserve was established in 1979
to preserve the great diversity of plant and animal resources. A research station was
established to facilitate field projects sponsored by various research organizations.
During the last 15 years a number of scientific studies have been carried out and most of
the results were published in the Wuyi Kexue (Wuyi Science Journal'), a scientific
journal designated for the publication of research results from this area. The floristic
geography and altitudinal vegetation zonation of Huanggang Mountain have been the
subject of several recent studies (e.g., Huang et al., 1981; Zhao et al., 1981, 1982; Chen
et al., 1982; Lin and Yue, 1983, 1985;). The altitudinal vegetation zones Fig. 14) used
in this study was summarized by the author from the results published by Wang et al.
(1981), Zhang (1981), Chen et al. (1982), Lin and Yue (1983, 1985), Zhao et al. (1981,
1982, 1990), and the results of my own field investigation.

The HM transect consists of 11 moss samples from different vegetation zones.
Three samples (SS90-18, SS90-19, and SS90-20) were collected from the broadleaved
evergreen forest zone; three (SS90-15, SS90-16, and SS90-17) from the mixed coniferhardwood forest zone; two (SS90-13 and SS90-14) from the mountain bush and shrub
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zone; and the last three (SS90-10, SS90-11, and SS90-12) from the subtropical mountain
meadow zone (see Table 3). Whenever possible samples were collected from relatively
open sites in order to avoid over-representation by local components.

Raw pollen counts were input into the Tilia spreadsheet and a pollen diagram was
plotted using Tilia*graphics (Fig. 20). Total pollen sum, which includes all pollen and
spores counted except for the exotic Lycopodium, was used to calculate the percentages.
Pollen curves were examined subjectively to select the most representative pollen types
to be included in the numerical analysis. From Figure 19 it is clear that Pinus, Quercus,
Castanopsis-type, Gramineae, Compositae, and Dicranopteris are by far the most
important pollen taxa. They account for more than 85% of the total fossil pollen grains
counted in all the samples. Nevertheless, a closer examination of the individual pollen
curves reveals a few recognizable altitudinal patterns, as described below.

Pinus, the predominant pollen type, does not show a clear altitudinal trend. This
is a result of its high pollen production and great dispersibility. The percentage peak at
1,230 meters was probably caused by the over representation of the local pine trees.
Today, pine trees (Pinus massoniana and Pinus taiwanensis) grow almost everywhere
within the range of the transect. Although the two species have different distribution
ranges, this difference is not reflected in the pollen diagram because they were not
counted separately.

Tsuga and Cryptomeria pollen, though occurring in relatively low percentages,
show a much clearer altitudinal zonation in their distributions. Cryptomeria pollen was
found only in samples collected between 1,370 and 1,780 meters. This corresponds well
to its modern distribution range (1,500 - 1,700 meters). Tsuga pollen was found in all
eight pollen samples from high elevations (>1,375 meters). The wider distribution range

Wuyi Mountain I ransect
C h o n q a n , Fujian, China
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Pollen percentage diagram for the Huanggang Mountain Transect.
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is probably due to its greater dispersibility compared to that of Cryptomeria. However,
the highest percentages occur within 1,570 - 1,780 meters. This also corresponds well to
its modern distribution range in Huanggang Mountain area.

As expected, Gramineae and Compositae pollen occur in high percentages
(>35%) in the subtropical mountain meadow zone. Their percentages drop off quickly in
the forest zones. This agrees well with Markgraf s (1980) conclusion that extremely little
pollen is transported from upper mountain vegetation zones into the lower ones.

The distribution of broadleaved tree pollen types as a whole (mainly Quercus,
Castanopsis-type, Altingia/Liquidambar, Myrica, Betula, Schima, Ilex, lllicium, Nyssa,
Rhus, and Carpinus) along the transect does not vary substantially. Quercus and
Castanopsis-type pollen account for almost 40% of the total pollen sum within the
modern distribution range of the broadleaved trees. The abundance of the broadleaved
tree pollen starts to decline at about 1,780 meters, but occurs in all vegetation zones.
Within the mountain bush and shrub zone, broadleaved tree pollen comprise up to 27%
of the total pollen sum. Within the mountain meadow zone, the broadleaved tree pollen
can comprise up to 13.4% of the total pollen sum even though there are no broadleaved
trees growing in the vicinity. Because of this, the occurrence of broadleaved tree pollen
in the sediment samples taken from the mountain meadow zone may not suggest that
there were broadleaved trees growing around the sampling sites in the past. The
importance of long distance pollen dispersal by wind should be taken into account in
reconstructing past vegetation from fossil pollen in the mountain meadow areas.

Overall, the number of pollen types seems to increase with elevation from the
bottom of the transect, and it reaches a maximum within the 1,300 - 1,600 meter zone.
Another important aspect of this pollen diagram is the total absence of members of the
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Lauraceae family, one of the important components of the local tree community. This is
due to the vulnerability of Lauraceae pollen to destruction by the acetolysis solution used
in sample processing (Erdtman, 1969).

Cyperaceae, Woodsiaceae, Brassica, Plagiogyri, Humulus, Umbelliferae, and
Styrax were not included in the pollen diagram either because of their erratic occurrence
in the surface samples or because of their extremely low percentages.

Constrained Incremental Sum of Squares Cluster Analysis (CONISS) was
performed on the 11 moss samples to help the assessment of pollen zones in relation to
the modern vegetation. The CONISS program also has an option for unconstrained
incremental sum of squares cluster analysis. The constrained option was used because
the samples were arranged by elevation and it would not be logical to group them
without the constraint of elevation sequence. Any two samples to be merged into a
cluster should be adjacent to each other on the elevation gradient.

Twenty-nine pollen taxa were used in the numerical analysis. The selection of
these taxa was based on their relative importance in reflecting the altitudinal zonation.
The pollen of Cyperaceae, Woodsiaceae, Brassica, Humulus, and Plagiogria were
excluded from the analysis because of possible local over-representation or extremely
low percentages. Styrax and Umbelliferae were excluded because of their extremely low
frequencies. The results of the analysis are illustrated by a dendrogram in Figure 20 and
a summary report can be found in Appendix 1. Based on the results of the CONISS
analysis, the transect can be divided into four pollen zones. Zone 1 contains the
uppermost five samples (SS90-10, SS90-11, SS90-12,SS90-13, and SS90-14) that come
from the mountain meadow and bush and shrub zones. This pollen zone was subdivided
into Zone la and Zone lb to reflect the variations within the zone. Zone la is
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characterized by the relatively high frequencies of Gramineae and Compositae and low
frequencies of broadleaved tree taxa. Zone lb represents a transitional zone from
meadow to the lower forest zones. Its pollen composition is a mixture of coniferous and
broadleaved trees, plus the components from the meadow zone above. Zone 2 consists
of 2 samples (SS90-15 and SS90-16). This zone basically occupies the entire Mixed
Conifer-hardwood forest zone between 1,400 - 1,800 meters. It has relative high
frequencies of Cryptomeria and Tsuga, two of the most important coniferous trees in the
Huangang Mountain area, and Quercus and Castanopsis-type. Zone 3 (samples SS90-17
and SS90-18) represents the broadleaved evergreen Forest zone. Percentages of Pinus
pollen remain high in this zone. Zone 4 includes samples SS90-19 and SS90-20. Its
pollen composition differs significantly from the other three zones. This is indicated by
the large increase in the sum of squares in order to merge Zone 4 to the other three zones.
The relatively high percentages of Dicranopteris (15%) in this pollen zone reflect the
increased human disturbance at lower elevations. The fern grows extremely well in
secondary pine woodlands. Also from the dendrogram, it is clear that the modern pollen
rain is more homogeneous within subzones la and lb than in any other zones. This is
probably a result of a more effecient atmospheric pollen exchange in the treeless
environment.

B)

Jiuxian Mountain Transect

The Jiuxian Mountain (JM) transect is relatively short (1,230 to 1,510 meters)
and it consists of seven surface samples (CS90-1-1, SS90-1, SS90-21, SS90-22, SS9023, SS90-24, and SS90-25). The transect covers the southwestern slope of the Jiuxian
Mountain. Vegetation along this transect changes from the mixed conifer-hardwood
forest (SS90-21, SS90-22, and SS90-23) to the pine woodland (SS90-1, CS90-1-1,
SS90-24, and SS90-25) at about 1,320 meters. The lowest three samples come from a
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relatively well preserved tree stand that is primarily made up by Castanopsis eyrei, C.
fabri, Adinandra millettii, Schima superba, Lithocarpus habceu, Quercus
phillyraceoides and Pinus taiwanensis. The pine woodland along this transect is
relatively open and the forest floor is covered by a dense layer of Dicranopteris
dichotoma.

As expected, pollen data of the lower portion of the JM transect are dominated by
Castanopsis-type (>50%), and pollen data of the upper portion are dominated by Pinus,
Gramineae, and Dicranopteris (Fig. 21). The boundary between the mixed coniferhardwood zone and the pine woodland zone is represented by a rapid change in the
pollen composition. The relatively high frequencies of Castanopsis-type pollen are
confined to the lower three samples collected from the forest floor under dense canopy.
They are the result of a relatively high local pollen production and/or a faster and more
efficient deposition due to lower wind speeds under a closed canopy.

Although less evident, the frequencies of Dicranopteris remain almost constant
(about 20%) along the whole transect. This can be explained by the fact that the transect
is relatively short and it is within the optimal growing range of the heliophytic fern.

C)

Daiyun Mountain Transect

The Daiyun Mountain (DM) transect consists of six surface samples (SS90-5,
SS90-6, SS90-7, SS90-8, SS90-9, and CS90-3-1). They were collected from the southfacing slope of Daiyun Mountain between 900 and 1,550 meters. The lower two samples
(SS90-5 and SS90-6) were collected from the forest floor of a tree stand near a small
village and are representative of a heavily disturbed forest community dominated by
Castanopsis eyrei, Castanea mollisima, and a few isolated Cryptomeria fortunei. The
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vegetation along this transect can be described as pine woodland with scattered
broadleaved tree stands confined to the relatively well protected sites. It grades into
subalpine meadow above 1,400 meters. The heliophytic fem Dicranopteris dichotoma
can grow up to 1,400 meters, but it seems to grow best in the strongly leached
subtropical red soils below 1,200 meters.

Similar to the Jiuxian Mountain transect, the dominant pollen types for this
transect include Pinus, Dicranopteris, and Gramineae (Fig. 22). However, the
percentages of broadleaved tree pollen is generally low (< 10 %) along the transect except
for Sample SS90-9 where Castanopsis-type pollen accounts for more than 60% of the
total pollen sum. This sample was taken from a valley bottom covered by a patch of
broadleaved trees and therefore was over-represented by the local pollen source. In
contrast to the Jiuxian Mountain transect, the relative abundance of Dicranopteris shows
a distinct change along the transect. It declines rapidly outside its optimal growing
range. The higher percentage of broadleaved tree pollen observed in the surface sample
collected from the treeless mountain meadow zone confirms the interesting pollen
dispersal phenomenon originally documented by Markgraf (1980).

In summary, pollen composition along the three transects appears to reflect the
altitudinal vegetational changes. However, most of the surface samples receive their
pollen from relatively large source areas and hence from several vegetation zones. The
importance of long distance dispersal from the external vegetation zones seems to
increase with elevation. At higher elevations, the long distance pollen components of the
total pollen sum are larger. This upward pollen dispersal has been documented and
explained in terms of mountain geometry (e.g., Gaudreau et al., 1989; Jackson and
Whitehead, 1991; Jackson, 1991), degree of openess and wind speeds (e.g., Spear, 1989),
and pollen productivity (e.g., Janssen, 1966; Markgraf, 1980). The conclusion that a
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fairly large percentage of total pollen in upper vegetation zones was contributed by the
vegetation at lower elevations has several implications for interpreting fossil pollen
records from upper mountain areas. First, due to the upward pollen dispersal, pollen
records from high elevation sites should be sensitive to major vegetation changes such as
deforestation at lower elevations. Second, for the same reason, the occurrence of tree
pollen in the fossil pollen record from the treeless meadow zone does not necessarily
suggest the existence of a local tree community in the past. It might simply be a function
of long distance pollen dispersal. Third, it is not easy to differentiate between a local and
external vegetation change by pollen data alone in the upper mountain area. Additional
information should be sought from the sedimentological or plant macrofossil records.

CH APTER 6
SEDIM ENTARY AND PO LLEN RECORDS

(A)

Sediment Stratigraphy and C-14 Chronology

1)

Core 1

Core 1 was taken from Site 1 and it is 107 cm long. The core can be divided into
five stratigraphic units (Fig. 23). Unit 1 (107 - 95 cm) is a brownish gravelly and sandy
peat mixed with several wood fragments. Its organic matter content is relatively low (20
- 55%) compared to the other units. More than half of its dry weight is accounted for by
gravel and sand. Unit 2 (95 - 65 cm) is composed of brownish woody peat and is
characterized by high organic content (> 65%). Unit 3 (65 - 50 cm) consists of very dark
gray fine fibrous peat and has an organic matter content of 55%.. Unit 4 (50 - 40 cm) is
a light gray organic clay layer, which is characterized by its low organic matter content
(< 20%) and high residual content (> 70%). It is considered to have been deposited in a
standing water environment. The top 40 cm belongs to Unit 5 (40 - 0 cm) which can be
descibed as dark gray fine detritus peat. The organic matter content of this unit varies
between 35% and 50%. A distinct change in mineral content (from 50% to 80%) exists
between the third and fourth stratigraphic units.

Three C-14 dates were obtained from samples of this core (Table 4). The first C14 date (500±90 yr BP) (cal BP 552 (519) 487) was obtained from sample CS90-1-6.
Since the rest of the samples are smaller, it is necessary to combine two adjacent samples
to produce a larger sample adequate for the standard C -14 dating (the minimum sample
size for peat is 70 grams). The second C-14 date (1,090±70 yr BP) (cal BP 1,062 (972)
933) is a combined date of samples (SS90-1-11 and SS90-1-12).
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The third C-14 date
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Table 4. Radiocarbon dates from Core 1 (Jiuxian Mountain)

Depth
(cm)

Laboratory
ID

Material
Dated

C-14 Age
(yr BP)

Calibrated Age ( la ) *

CS90-1-6

30-35

Beta-57820

Peat

500±90

cal BP 552 (519) 487 **
cal AD 1398(1431) 1463

CS90-1-112

50-60

Beta-40182

Peat

1,090±70

cal BP 1062 (972) 933
cal AD 888 (978) 1017

CS90-1-178

85-95

Beta-47265

Peat

2,880±60

cal BP 3072 (2971)2882
cal BC 1125 (1022) 933

Sample
ID

* C alibrated by B eta A nalytic Inc. using C A L IB 3.0.
** N um bers w ithin parentheses represent calibrated age; num bers outside parentheses represent l o values.
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(2,880±60 yr BP) (cal BP 3,072 (2971) 2,882) is also a combined date of samples SS901-17 and SS90-1-18. The sedimentation rates were calculated based on the average
depths (the mid point of the dated interval). Although crude, the computed
sedimentation rates appears to follow a fairly smooth trend (see Fig. 23). It increases
from 0.018 at the bottom to 0.063 cm/yr at the top. Each C-14 date from this core is
plotted as a rectangle in the plot of sediment depth versus C-14 age to show the
uncertainties associated with the individual dates. The width of the rectangle represents
temporal uncertainty as one standard deviation and the height of the rectangle represents
the depth interval of the dated sample.

2)

Core 2

Core 2 was taken from Site 2 and it is 130 cm long. The core can be subdivided
into four stratigraphic units (Fig. 24). Unit 1 (130 -1 1 0 cm) is composed of sandy peat
mixed with some wood fragments. Its organic matter content increases to about 30%
towards the bottom of the core, a result of the increased occurrence of wood fragments
in the sediment. Unit 2 (1 1 0 - 66.5 cm) was distinguished from others by its greenish
gray color and its relatively low organic matter content (20% loss-on-ignition at 550°C).
A lithologic break exists at 66.5 cm and it separates Unit 2 from the overlying fibrous
peat (Unit 3). The core broke upon extrusion, suggesting a possible hiatus in
sedimentation. This hiatus was confirmed by radiocarbon dates above and below. The
cause of the hiatus is unknown. An alternative explanation is that the 380 yr BP date is
too young. Above the lithologic break is Unit 3 (66.5 - 40 cm) which is made up of very
dark gray brownish fibrous peat with organic contents from 30% to 40%. Unit 4 (40 - 0
cm) consists of coarse fiberous peat mixed with abundant grass rootlets. Its organic
material content increases from 30% to 50% toward the top of the unit. The residual
curve shows that the mineral content of the lower two stratigraphic units remains almost
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unchanged (75%), suggesting that the hydrological and sedimentological regimes were
relatively stable before the hiatus. It declines from 75% to about 45% within the upper
two stratigraphic units.

This core has three C-14 dates (Table 5). The first date (380±80 yr BP) (cal BP
509 (467) 309) was obtained from the lowermost two samples (SS90-2-6A and SS90-26 B) of the second stratigraphic unit, 6.5 cm above the lithologic break. The second date

(1,160±70 yr BP) (cal BP 1231 (1062) 923) was obtained from sample CS90-2-8 (70 66.5 cm), the first sample below the lithologic break. The third one (3,830±80 yr BP)
(cal BP 4402 (4230) 4089) is a basal date obtained from several wood fragments
contained in sample SS90-2-20. By linearly extrapolating the sedimentation rate of
0.118 cm/year down to 66.5 cm, the top of the hiatus was estimated to have an age of
about 564 yr BP (Fig. 24). Thus the hiatus represents 404 years of stratigraphic break.
The lower half of the core has a sedimentation rate of 0.0187 cm/year.

3)

Core 3 (Lotus Pond)

Core 3, the 90 cm long core from Lianhuachi (Lotus Pond), can be subdivided
into three stratigraphic units (Fig. 25). Unit 1 (90 - 55 cm) is a brownish peaty gravel
and sands. Several wood fragments were found from the basal samples. The organic
matter content of this unit declines from 15% to less than 10%. Unit 2 (55 - 40 cm) is
grayish brown silty peat with an organic content of 45 - 55%. Unit 3 (40 - 0 cm) is a
very dark gray fibrous peat layer. Its organic matter content declines slightly downward
from 45% to 35%.

This core contains three C-14 dates (Table 6 ). The first one (1,240±100 yr BP)
(cal BP 1279 (1168) 1051) was obtained from CS90-4-8 at the bottom of stratigraphic
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Table 5. Radiocarbon dates from Core 2 (Jiuxian Mountain)

Sample II)

Depth
(cm)

Laboratory
ID

Material
Dated

C-14 Age
(yr BP)

CS90-2-6AB

50-60

Beta-47266

Peat

380±80

CS90-2-8

66.5-70.0

Beta-47822

Peat

1160±120

CS90-2-20

125-130

Beta-40183

Wood

3830±80

Calibrated Age ( la ) *

cal BP 509 (467) 309 **
cal AD 1441 (1483) 1641
cal BP 1231 (1062) 923
cal AD 719 (888) 1011
cal BP 4402 (4230) 4089
cal BC 2453 (2281) 2140

* C alibrated by B eta A nalytic Inc. using C A L IB 3.0.
** N um bers w ithin parentheses represent calibrated age; num bers outside parentheses represent l o values.
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Table 6 . Radiocarbon dates from Core 3 (Lotus Pond)

Sample ID

Depth
(cm)

Laboratory
ID

Material
Dated

C-14 Age
(yr BP)

Calibrated Age ( la ) *

CS90-4-8

35-40

Beta-57823

Peat

1240±100

CS90-4-112

50-60

Beta-47267

Peat

3240±80

±90

Beta-37536

Wood

3930±60

cal BP 1279 (1168) 1051 **
cal AD 671 (782) 893
cal BP 3555 (3462) 3368
cal BC 1606(1513) 1419
cal BP 4424 (4406) 4275
cal BC 2475 (2457) 2326

WS-1

* C alibrated by B eta A nalytic Inc. using C A L IB 3.0.
** N um bers w ithin parentheses represent calibrated age; num bers outside parentheses represent l o values.
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Unit 1. The second date (3,240±80 yr BP) (cal BP 3555 (3462) 3368) was obtained from
a combined sample of SS90-4-11 and SS90-4-12. The two dates give a sedimentation
rate of 0.0076 cm/year for the middle unit and 0.032 cm/year for the top unit (see Fig.
25). Several wood fragments were found in the basal sedimentary unit of this core.
Unfortunately, all of them were deeply weathered and cannot be identified to species.
Several in situ tree stumps were found in a profile about 30 meters away from the core.
They appear to be in a strati graphic position equivalent to the bottom unit o f Core 3. The
tree stumps were exposed after the erosion of the upper sedimentary units by a small
creek. One of these tree stumps was identified as Taxodiaceae (either Cryptomeria sp. or
Cunninghamia lanceolata) by Dr. Michael Wiemann of the Botany Department at LSU.
The third C-14 date (3,930±60 yr BP) (cal BP 4424 (4406) 4275) was obtained from this
same tree stump. If this date can be used as the basal date for Core 3, it will produce a
sedimentation rate of 0.048 cm/year for the bottom section of this core (see Fig. 25).

(B)

Pollen Stratigraphy

1)

Core 1 (Jiuxian Mountain)

Pollen percentage and influx data from Core 1 are presented in Figures 26 and 27
and the result of the corresponding cluster analysis is included in Appendix 2. Twentytwo pollen types were included in the stratigraphically constrained cluster analysis.
Percentages based on the total pollen sum were used in this numerical analysis. Two
pollen assemblage zones were delineated based on both the visual interpretation and the
results of statistical analysis to facilitate data presentation and discussion.

Core 1, Jiuxian Mt. (Percentage diagram )
D eh u a, Fujian, China
Elevation: 1,360 m

CONISS

500±90

j

20 40 60 80 100

Total s u m of s q u a r e s

Figure 26.

Pollen percentage diagram for Core 1. The dotted curves are the five-time exaggerations.

Core 1, Jiuxion Mt. (Influx d i a g r a m )
D eh u a, Fujian, C hina
Elevation: 1,360 m

Figure 27.

Pollen influx diagram from Core 1.
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a)

Cryptomeria - Castanopsis Zone (Zone 1: 1 0 5-65 cm)

This pollen assemblage zone is dominated by Cryptomeria (45-55%),
Castanopsis (15-25%), and Quercus (5-15%). Other tree components include Ilex (510%) and Fagus (2-5%). The most striking character of this pollen assemblage zone is
that Pinus, Gramineae, and Dicranopteris are nearly absent. Within this zone, pollen
curves of Cryptomeria and Castanopsis-type seem to be negatively correlated with each
other. Percentage of Quercus pollen starts to declines at 85 cm. Overall, this pollen
zone is completely dominated by tree species. Herbaceous pollen (mainly Gramineae
and Dicranopteris) accounts for less than 10%.

b)

Gramineae -Dicranopteris Zone (Zone 2: 65 - 0 cm)

This pollen zone is distinguished by high percentages of Gramineae,
Dicranopteris, and Pinus. These three pollen types account for more than 80% of the
total pollen sum. Within this zone, there are several noticeable variations. Cryptomeria,
Quercus and Castanopsis, the three dominant tree components in pollen Zone 1, were
abruptly replaced by the grasses and ferns during the beginning phase of this pollen zone.
Other non-arboreal pollen types (mainly Artemisia, Compositae, Cyperaceae) also
increase in percentages in this zone. A less dramatic increase in Pinus and Ulmus took
place during the same time period. Their percentages change from less than 2% to
almost 20% and 10%, respectively. Cryptomeria shows a small peak between 35 and 50
cm. The last two samples show a slight increase in both Pinus and Gramineae and a
decline in Dicranopteris. The aquatics (mainly Cyperaceae) become noticeable in this
zone.
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Compared to Zone 1, this pollen zone is less homogeneous in composition. This
is reflected in the dendrogram (Fig. 26). The total within-group sum of squares (a
measure of homogeneity) for Zone 2 is twice as much as that of Zone 1.

All counted pollen taxa were classified into five major pollen groups (tree and
shrub, herbs, ferns and spores, aquatics, and unknowns and indeterminables) and the
result is presented as a composite pollen diagram on the far right of Figure 26. This
composite pollen diagram shows clearly the overall compositional changes in the core.
Zone 1 is dominated by a single pollen group (trees and shrubs) while Zone 2 is
composed almost equally of three of the five pollen groups (trees and shrubs, herbs, and
ferns, and spores).

2)

Core 2 (Jiuxian Mountain)

Based on the results of cluster analysis (Appendix 3) and the percentage and
influx data from Core 2, the pollen squence was divided into two pollen assemblage
zones and two subzones (Figs. 28 and 29). The percentages were computed using the
total pollen sum. Thirty-three pollen types were used in the numerical zonation analysis.

a)

Cryptomeria- Castanopsis-type zone (Zone 1: 120-66.5 cm)

This pollen assemblage zone is dominated by Castanopsis-type (30-40%),
Cryptomeria (15-25%) and Quercus (10%). It ends approximately at the unconformity
where the combined percentage of the three dominant taxa was reduced to less than 10 %.
Compositional changes within the zone are evident and necessitate the division of two
subzones.

Core 2, Jiuxion Mt. (P e rc e n ta g e d i a g r a m )
D e h u a , Fujian, C hina
elevation: 1,470 m

380±80

’o

jh

20 40 60 8 0 1 0 0
3 ,8 3 0 ± 8 0 |

200 400 600 800

T o ta l s u m o f s q u a r e s

Figure 28.

Pollen percentage diagram from Core 2. The dotted curves are the five-time exaggerations.

C o r e 2 , J i u x i a n Mt. ( I n f l u x d i a g r a m )

Calibrated Age (yr BP)

Dehua, Fu jia n, China
E levation: 1 ,4 7 0 m

Figure 29.

Pollen influx diagram from Core 2.
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Subzone la (120 - 95 cm) is characterized by the relatively high percentages in
Cryptomeria, Castanopsis-type, and Tsuga. Both Cryptomeria (25%) and Castanopsistype (40%) pollen reach their maximum percentages within this subzone. Percentage of
Pinus pollen is remarkably low in this subzone.

Subzone lb (95 - 66.5 cm) is also dominated by Cryptomeria and Castanopsistype, but their frequencies are slightly reduced. The percentage of Tsuga is reduced from
about 4% in the previous subzone to less than 1% in this subzone. Gramineae and
Dicranopteris show a steady increase within this subzone. The former increases from
less than 5% to more than 10% and the latter increases from less than 5% to almost 20%.

b)

Pinus - Gramineae - Dicranopteris zone (Zone 2: 66.5 - 0 cm)

The distinct characteristics of this pollen zone is the replacement of broadleaved
tree taxa by Pinus and fern spores. The zone is dominated by Dicranopteris (40-50%),
Gramineae (15-25%), and Pinus (8-13%). Percentages of Castanopsis-type,
Cryptomeria, and Quercus remain low through out the zone. Ulmus and Rhododendron
pollen increase slightly in this zone. Typha pollen (about 4%) is mostly confined to this
zone.

In summary, the pollen sequence from Core 2 is initially dominated by
Cryptomeria, Castanopsis-type, Quercus, and Tsuga, as illustrated by the composite
pollen diagram in Figure 28. An abrupt decline in these dominant taxa took place in
subzone lb. In pollen zone 2, the importance of tree and shrub taxa is progressively
reduced; they are replaced by herbaceous taxa and fern spores. Aquatic taxa are confined
to Zone 2.
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3)

Core 3 (Lotus Pond)

Pollen percentage and influx data are presented in Figures 30 and 31. This pollen
sequence was divided into two local pollen assemblage zones based on visual
interpretation and the statistical result of CONISS. Thirty pollen types represented as
percentages of the total pollen sum were included in the numerical analysis. The results
were presented as a dendrogram in Figure 30 and tabulated in Appendix 4.

a)

Castanopsis - Quercus - Gramineae zone (Zone 1: 90 - 40 cm)

This local pollen assemblage zone is characterized by the high frequencies of
Castanopsis-type (30%), Quercus (15%), Gramineae (20%) and Cyperaceae (10 - 20%).
Pinus and Dicranopteris remain extremely low (< 5%) throughout this pollen zone.
Tsuga and Cryptomeria are present only in very low frequencies. Minor broadleaved
tree taxa include Altingia/Liquidambar, Myrica, Betula, Schima, Ilex, Acer,
Rhododendron, Camelia, Styrax, Umbelliferae, and Fagus.

b)

Pinus - Dicranopteris - Gramineae zone (Zone 2: 40 - 0 cm)

This pollen zone is dominated by Pinus, Gramineae, and Dicranopteris. Both
Pinus and Dicranopteris show an initial increase within this zone. Castanopsis-type and
Quercus, together with other broadleaved tree taxa and Cyperaceae, are gradually
replaced by Pinus and Dicranopteris. The percentage of Gramineae also increases from
20% in zone 1 to more than 40 % in this zone. The percentage of Cryptomeria, though
low in zone 1, continues to decline until it disappears in the upper section of this zone.

Core j , Lotus Pond (Percentage diagram)
D e h u a , Fuj i an, C h i n a
Elevation: 1 ,5 5 0 m
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T o ta l s u m o f s q u a r e s

Figure 30.

Pollen percentage diagram from Core 3. The dotted curves are the five-time exaggerations.

C o r e C, L o t u s P o n d (Influx d i a g r a m )

C alib rated Age (yr B P )

D e h u a , F u jia n , C hina
E le v a tio n : 1 ,5 5 0 m

Figure 31.

Pollen influx data diagram from Core 3.
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Overall, a similar trend is observed in this pollen sequence. The tree and shrub
taxa {Castanopsis-type, Quercus, Ilex, Acer, Schima, Tsuga, Cryptomeria, Camelia, and
Umbelliferae) are dominant in the lower half of the pollen sequence. Pinus pollen is not
significant in the lower pollen zone. The upper half of the sequence is dominated by
Pinus, Gramineae, and Dicranopteris. The major difference between Core 3 and the
other two pollen sequences is the occurrence of a substantial Gramineae pollen
percentage (2 0 %) in the lower pollen zone.

(C)

Reconstruction of Local Vegetation History

Pollen sequences recovered from the three subtropical mountain cores provide
detailed information on the vegetation history that has not been available before for the
region. Both pollen and sedimentary records suggest that a major vegetational change
occurred in the region during the last 4,000 years. In general, the study area was
dominated by a mixed conifer-hardwood forest before the wide spread pine woodland
became established. Due to the differences in elevation, accessibility, size of the
catchment area, and topography, variations in pollen and sedimentary records exist
among the three pollen sites.

1)

Core 1

The high percentages of Cryptomeria, Quercus, and Castanopsis-type and the
existence of abundant wood fragments within the basal samples of this core indicate that
the site was covered by a dense mixed conifer-hardwood forest community. The
elevation of the site (1,360 m) is within the modern distribution range of this vegetation
formation. However, no Cryptomeria trees were found at or around the coring site at the
present time, although a few isolated Cryptomeria trees are growing near a temple
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(Yonganyan) about 1.5 kilometers away at a similar elevation (1,300 meters). The
results of the modern pollen rain study suggest that Cryptomeria has a fairly narrow
distribution range and its pollen is mostly confined to this range. The taxon is not likely
to be over-represented in the pollen rain. Therefore, it is safe to conclude that the site
was covered by a dense forest dominated by Cryptomeria until it was replaced by the
pine woodland community. This conclusion is indirectly supported by the lack of
shrubs, herbs, and fern components within this pollen assemblage zone because a closed
canopy would prevent the growth of the heliophytic species on the forest floor. This
finding is important because conventional wisdom holds that the windy environment in
the upper mountain zones is the limiting factor that prohibits the growth of tree
communities within the mountain meadow zone today. Another important implication
of this finding is that pine trees, which are the dominant component of today's landscape
in the study area, were not important at all during the time of pollen zone 1.

The dramatic decrease in tree pollen and the rapid increase in Gramineae, and
then Dicranopteris and Pinus occurred during the beginning stage of pollen zone 2. It
represents the disappearance of the mixed conifer-hardwood forest dominated by
Cryptomeria, Quercus, and Castanopsis-type and the establishment of a pine woodland
landscape surrounding the site. This distinct pollen event is coincident with a major
stratigraphic change in the sedimentary record of the core. The fact that the basal
sediments unit (Unit 1) contains a large amount of organic debris, wood fragments, sands
and gravels suggests that the unit represents a top soil profile developed on the forest
floor. Units 2 and 3 are basically a continuation of the basal unit and they represent a
peat accumulation process in wetland sites surrounded by forest. This interpretation is
supported by the pollen analysis results indicating proximity to a mixed coniferhardwood forest community. The important stratigraphical change occurred at the top of
unit 3, immediately after the disappearance of the mixed conifer-hardwood forest infered
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from the fossil pollen data. From Unit 3 to Unit 4, the sediment changes from fibrous
peat to organic clay. Several implications can be derrived from this dinstinct
sedimentological change. First, the occurrence of the clay layer immediately after the
decline of the mixed conifer-hardwood forest suggests that the vegetation change was
followed by a period of intensified slope erosion within the catchment area of the coring
site. Second, the formation of the clay layer suggests that the site experienced a period
of higher ground water level after the major vegetation change event. This was probably
caused by the reduction of the actual evapotranspiration from the catchment area due to
the disappearance of the mixed conifer-hardwood tree community. Periodic ponding
condition might have occurred at the site because clay layers are usually deposited in an
open water environment. This conclusion is also supported by the high frequency of
aquatic pollen taxa (e.g., Cyperaceae). The occurrence of a small peak of Cryptomeria
within the clay layer (40 and 45 cm) was probably a function of pollen redeposition
associated with the intensified erosion.

The rapid increases in pollen frequencies of Gramineae, Dicranopteris, and Pinus
after the decline of the mixed conifer-hardwood forest represent the establishment of a
secondary vegetation. The newly available openings were first occupied by the
heliophytic grass (Gramineae), herb {Artemisia and Compositae), and fern
{Dicranopteris) communities. It was followed by the sun-loving pine trees and then
Ulmus. This successional change has continued until the present. The establishment of
this secondary vegetation (the pine woodland) within the catchment basin must have
helped to reduce the runoff and thus lowered the ground water level. The accumulation
of fibrous peat after the clay layer appears to indicate that the basin slopes were soon
stabilized and the site became a peat bog.
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2)

Core 2

The vegetation history recovered from this pollen sequence is similar to that of
Core 1. This is not unexpected because both Core 1 and Core 2 are within a similar
elevation range and they are only about 2 km apart. Nevertheless, the site is about 110
meters higher than the previous site and the catchment area is about 300 times larger.
These differences will certainly be reflected in their pollen records.

The pollen spectrum of subzone la suggests that the local vegetation
communities around the coring site was also a mixed conifer-hardwood forest at the
time. The entire drainage basin was probably covered by a forest community dominated
by Cryptomeria, Tsuga, Quercus, Castanopsis, Altingia, and Liquidambar trees. The
coring site was probably a shallow depression on the forest floor, as suggested by the
existence of debris and wood fragments. The occurrence of Tsuga pollen in the site
indicates that hemlock was present in Jiuxian Mountain (1,653 meters) at that time.
Tsuga pollen was not detected from the basal pollen zone of Core 1, which was fed by a
smaller drainage basin mostly confined to 1,360-1,400 meters. It is reasonable to
conclude that Tsuga trees only grew in mountain slopes above 1,470 meters in the
Jiuxian Mountain area during the time of Subzone la. Pine trees were not as
predominant as they are today, and herbs and ferns were also insignificant.

The pollen spectrum of subzone lb represents a period of initial forest decline.
The decline appears to have affected Cryptomeria (from 25% to 15%) and Tsuga (from
5% to less than 1%). Both taxa grow well in cool and moist environments and are most
often found at higher elevations in this region. Therefore, it is not likely that the
reduction of pollen frequencies of these two conifers was caused by the forest
deterioration at lower elevations. Possible explanations include climatic change or small
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scale forest disturbance by the local people. Since there is no noticeable
sedimentological change associated with pollen event, the catchment basin might have
not been directly affected. The decline of Canstanopsis-type pollen (from 40% to 25%)
might have been a function of reduced pollen influx from the regional pollen sources.
This pollen group includes many members of the Fagaceae family and they grow well at
lower elevations. Pine trees started to grow in a larger population in this subzone.

The rapid demise of the mixed conifer-hardwood forest community took place at
the uppermost samples of subzone lb. Tsuga and Cryptomeria trees were totally
depleted. Quercus and Castanopsis-type trees suffered significant losses. Pine trees,
together with Gramineae and Dicranopteris, were favored by the demise of the other tree
species and have become dominant from then on. The regional forest clearance seems to
have occurred during this time. The catchment area was directly affected as suggested
by the sedimentary record. A hiatus was detected at 66.5 cm and it could have been
related to the hydrological changes caused by the dramatic change in the vegetation
cover within the catchment basin.

The successional change following the collapse of the mixed conifer-hardwood
forest was characterized by the expansion of the subalpine meadow on the slopes of the
catchment basin at the expense of tree and shrub communities. This is evidenced by the
steady increase in the percentages of Gramineae pollen and relative low frequencies in
pine pollen during the time of pollen zone 2. The floor of the catchment basin might
have been occupied in places by shrubs and bushes dominated by Rhododendron, Ulmus,
Alnus, and Quercus. The formation of a very dark fibrous peat layer after the hiatus
seems to suggest a high ground water level after the removal of the mixed coniferhardwood forest. The slight increase in pollen percentages of Artemisia and
Cunninghamia might indicate an increased human disturbance. The abundance of
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Artemisia is a function of forest floor openness and the emergence of Cunninghamia
may represent the beginning of the reforestation effort by the local people.

3)

Core 3 (Lotus Pond)

The pollen record from this site represents a more regional vegetation history
compared to the previous two pollen sequences. This is because the site is higher up
near the mountain top (1,550 meters, 80 meters higher than Core 2) and most of its
catchment area is dominated by treeless subalpine meadow. A large proportion of the
pollen deposited at this site came from vegetation communities at lower elevations
through upslope dispersal. Overall, this pollen sequence represents a regional decline of
the natural vegetation and the establishment of a secondary pine woodland.

The relatively high percentage of Gramineae pollen throughtout the entire basal
pollen zone suggests that the forest was more open. The occurrence of debris and wood
fragments together with a large amount of sand and gravel indicates that the floor o f the
catchment basin was occupied by shrubs and bushes dominated by Rhododendron, Ilex,
Acer, Styrax, and Umbelliferae. This deduction is confirmed by the fact that many in
situ tree stumps were found from the bottom of the peat bog and they were confined to
the floor of the catchment basin. The local tree community might have contained some
conifer trees (mainly Cryptomeria and Tsuga) as suggested by both the plant macrofossil
and pollen evidence.

CHAPTER 7
DISCUSSION AND SYNTHESIS

(A)

Regional Vegetation History

The vegetation of the subtropical mountains of southeastern China is one of the
most complex and least studied vegetation formations in the country. A complete
understanding of this formation and its history is impossible without pollen stratigraphies
from the major mountains within this region. While this study in central Fujian can only
serve as an introduction to the regional study, a distinct pattern of vegetation change for
the last 4,000 years emerges from the pollen records of the three dambo cores in the
Daiyun Mountain area.

The three pollen sequences were correlated based on the calibrated C-14
chronologies (Fig. 32). Linear interpolation was used to calculate the dates for
boundaries of stratigraphic and pollen zones. The longest pollen record dates back to
about 4,400 yr BP. Core 1 did not have a basal radiocarbon date. Dates for the
boundaries below the lowest existing radiocarbon date were calculated by extrapolating
downward using the sedimentation rate between the two closest C-14 dates above. This
correlation diagram suggests that the study area was dominated by a mixed coniferhardwood forest before the widespread deforestation occurred in the area at about 1,000
yr BP (ca. 950 AD). This major vegetation change had caused several subsequent
changes in the local environment. These changes are discussed here in four phases.
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Figure 32. Correlation among the pollen stratigraphies from the three study sites.
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1)

The Primeval Vegetation Period (ca. 4,000 - 1,000 yr BP)

The study area was probably dominated by a mixed conifer-hardwood forest
when sediments started to accumulate on the bottom of the three dambos at about 4,000
yr BP (ca. 2,050 AD). This interpretation is based on the fact that a pollen assemblage
dominated by Cryptomeria, Castanopsis-type, Quercus, and Tsuga existed
simultaneously at the bases of the three pollen sequences. The existence of in situ tree
stumps in Core 1 and abundant wood fragments in Cores 1 and 2 suggests that all three
coring sites were near or surrounded by some primeval tree communities. This
vegetation type persisted until about 1,500 yr BP (ca. 450 AD) at Site 1 and about 1,200
yr BP (ca. 750 AD) at Site 3. At Site 2 there are signs that this primeval forest was
disturbed as early as 2,400 yr BP (ca. 450 BC) before it was cut down at about 1,000 yr
BP (ca. 950 AD) (see discussion in next section).

According to the pollen percentage data, Pinus massoniana and P. taiwanensis,
the two dominant tree species in today's landscape, existed only at very low population
density at the time. This finding supports the hypothesis that the pine woodland is a
secondary vegetation and it does not represent the potential vegetation of the region.

The elevation differences among the three coring sites allow a general discussion
on the altitudinal vegetation gradients during the primeval vegetation period. A
comparison among the basal pollen zones (zone 1) of the three pollen sequences on the
frequencies of three key taxa reveals some distinct altitudinal gradients (Fig. 33). The
average percentage of Cryptomeria in this pollen zone 1 declines from 50% at Site 1
(1,360 m) to about 20% at Site 2 (1,470 m) and 2-5% at Site 3 (1,550 m). The pollen
influx data of the three sites (Figs. 27, 29 and 31) also suggest that Cryptomeria was
more abundant at the lower two sites. Compared to its current distribution range (1,500 -
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Change of pollen percentages of three key taxa in pollen zone 1
among the three pollen sequences.
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1,700 m) in Huanggang Mountain, the lower limit of Cryptomeria seems to have been at
least 140 meters lower. The second altitudinal gradient is represented by the Gramineae
pollen which increases in its average percentage from less than 2% at Site 1 to 7% at Site
2, and to about 20% at Site 3. It seems to suggest that mountain slopes are more open in
higher elevations. The third altitudinal trend is represented by Tsuga which seems to
have been more abundant at the two higher sites. This is consistent with the current
distribution range of hemlock (1,500 - 1,800 m) in Huanggang Mountain. The absence
of Tsuga pollen at Site 1 suggests that hemlock was never present in the Daiyun
Mountain Range below 1,400 m. It is notable that hemlock is no longer present in the
Daiyun Mountain Range today, apparently due to local extinction after the massive
deforestation that took place some 1,000 years ago.

2)

The Deterioration Period (ca. 2,400 - 1,000 yr BP)

Evidence for some form of early forest disturbance is found in the pollen data
from Site 2 only. It is represented by a decline in major tree taxa including Cryptomeria,
Tsuga, and Castanopsis, and a progressive increase in both Gramineae and
Dicranopteris (Fig. 28). The beginning phase of this early forest disturbance is marked
by the boundary between the pollen subzones la and lb at about 2,400 yr BP (ca. 450
BC). The magnitude of this forest disturbance was probably small and, therefore, did not
cause any major subsequent sedimentological changes. The disturbance might have
occurred within the catchment area of Site 2 or immediately outside the catchment area.

The reason why this early forest disturbance was detected in the pollen record
from Site 2 only is probably due to its larger catchment area (0.5 km2). Sites with a
larger catchment area are more likely to be disturbed. They also receive pollen from a
more regional source.
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3)

The Deforestation Period (ca. 1,500 - 1,000 yr BP)

A distinct and abrupt change in both pollen and sediment records occurred at
about 1,500 yr BP (ca. 450 AD) in Site 1, about 1,000 yr BP (ca. 950 AD) in Site 2, and
about 1,200 yr. BP (ca. 750 AD) in Site 3. Although the accuracy of these dates are
questionable, they appears to indicate that the deforestation is not synchronous at the
three sites, suggesting that the change was caused by different episodes of local forest
cutting instead of regional climatic change which would have been more geographically
far-reaching (Behre, 1988). The abruptness of this change in pollen composition in all
three cores argues for an anthropogenic, rather than a climatic origin as already discussed
in Chapter 2. The deforestation was characterized by an abrupt decline in the percentage
of tree pollen across the boundary between pollen zones 1 and 2 (Fig. 32). In Site 1, the
percentage of all tree taxa (except Pinus) was reduced from more than 90% to less than
10% (Fig. 26). In Site 2, the percentage of all tree taxa (except Pinus) declines from
more than 50% to less than 10% (Fig. 28). A similar pattern was observed in Site 3 (Fig.
30).

Among the three study sites, Site 1 recorded the most dramatic change in terms
o f its pollen composition change. This was probably because it has a relatively small
catchment area (0.1 km2) and it is lower in elevation. Because its catchment area is
relatively small, it received pollen from local sources. For the same reason, its
catchment area was completely deforested in a shorter period of time. Site 2 does not
record a vegetation change as abrupt as at Site 1 although they are only about two
kilometers away. This was probably related to its catchment size. A much more
subdued change was documented in the pollen sequence from Site 3, probably due to its
higher elevation. The catchment area of Site 3 is above 1,550 meters and the mixed
conifer-hardwood forest might have been more open during the primeval forest period.
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This probably limits the magnitude of deforestation. On the other hand, its catchment
area is close to the mountain top and may have received pollen from regional sources, as
suggested by the result of the pollen rain study presented in Chapter 5.

Sedimentary and hydrological changes associated with this deforestation event at
a specific site is a function of several factors including elevation, catchment size, and
characteristics of the catchment area. Prior to the deforestation, all three sites were
surrounded by trees as suggested by the pollen evidence, the wood fragments, and in situ
tree stumps at the base of the cores. The subsequent sedimentary change after the
deforestation seems to be site specific.

In Site 1, the lithology changed from woody peat to fibrous peat, to organic clay,
and then to detrital peat. The sequence, in general, represents the establishment of a
grass community around the site after the deforestation. The existence of the organic
clay unit seems to suggest a period of intensified erosion. The high mineral content
(approximately 80%) of this stratigraphic unit (Fig. 23) is a result of higher influx of
mineral material eroded from the exposed soil in the catchment area after the
deforestation. This unit may be equivalent to the Mayan clay discussed in Chapter 2.

In Site 2, a similar hydrological change might have occurred, but it did not result
in the formation of a clay unit after the deforestation. Instead, a hiatus occurs in the core
corresponding to the phase of massive deforestation, as bracketed by calibrated C-14
dates of 467 yr BP and 1,062 yr BP. The exact cause of this hiatus in unclear, but it may
be related to disruptions to the hydrological and sedimentological regimes due to
deforestation in the watershed. Moreover, the mineral content of the core was higher
(about 80%) prior to the deforestation (Fig. 24). This may be due to the characteristics
of the catchment area. Among the three dambo sites, the catchment area of Site 2 is the
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only one with a large area of exposed granitic bedrock. The high mineral content in the
stratigraphic unit immediately below the deforestation event was probably due to a high
influx of mineral material washed from the weathered bedrock surface. After the
deforestation, the mineral influx to the dambo might have remained the same, but the
accumulation rate of organic material might have increased due to the rise in the water
table, a result of the increased surface runoff due to reduced evapotranspiration.
The combined result is the accumulation of a more organic sediment even though the
influx of mineral material from the weathered bedrock has remained unchanged.

In Site 3, the liothology change was represented by the change from silty peat to
fibrous peat. The mineral content remained basically unchanged after the deforestation,
indicating that the magnitude of deforestation was relatively small and not sufficient to
cause distinct hydrological and sedimentological changes.

4)

The Secondary Succession Period (ca. 1,000 - 0 yr BP)

The successional vegetation change after the massive deforestation was
dominated by the establishment of pine woodlands as suggested by the rapid emergence
of the Pinus-Gmmineae-Dicranopteris pollen assemblage in all three cores. The newly
available openings on the slopes of the drainage basins were first colonized by herbs and
then pine trees and Dicranopteris. They together form a pine woodland which has
persisted on most of the deforested slopes since then. However, in the relatively
protected valley bottoms, the components of the mixed conifer-hardwood forest can
become locally abundant as the result of regrowth. The increase in pollen influx in tree
taxa at the upper section of Core 3 might be due to increased pollen input from these
localized broadleaved tree communities near the coring site.
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(B)

Causes of the Vegetation Change

1)

Climatic Change

The initiation of the dambo development on the three coring sites must have been
triggered by a regional event such as climatic change. The formation of the peat
sediments at all three sites indicates a local hydrological change to a moister condition.
All three catchment basins are very close to the regional water divide. It is evident that
they all rely solely on precipitation for replenishing their hydrological budgets. In such
an environment, a higher ground water level could have been caused by either an
increase of precipitation or a decline in evapotranspiration associated with a cooler
climate, or both. As discussed in Chapter 2, the mid-Holocene (8,000 - 4,000 yr BP) was
warmer in east China as suggested by the existing paleoclimatic data (e.g., Tsukada,
1967; Chu, 1973; Duan et al., 1981; Liu et al., 1992). Well dated paleoclimatic records
are absent from Fujian, but a detailed pollen stratigraphy from the Yangtze River delta
(Liu et al., 1992) suggests that climatic cooling started at about 3,800 yr BP in the
northern Chinese subtropics. A weakening of the summer monsoon is also documented
in a new pollen record from the subtropical mountain of the Sichuan Province in
southern China (Jarvis, 1993). When the climate gradually cooled during the lateHolocene, the ground water table in the three dambos probably rose because of reduced
evapotranspiration. Peat started to accumulate on the bottoms of the catchment basins
when the surfaces of the valley bottoms became moist enough to retard the organic
decomposition process.

The initiation of peat accumulation at all three sites about 4,000 years ago itself is
an indication of the local hydrological changes. The existence of peat and wood
fragments at the bases of all three sediment cores suggests that their bottoms were wet
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enough for organic matter to accumulate at about 4,000 years ago. The existence of in
situ tree stumps (identified as either Cryptomeria or Cunninghamia) found in the dambo
bottom at Site 3, however, might indicate that the site was once drier and forested prior
to the wet period. It was probably the rise in ground water table that drowned the trees
originally growing at the bottom of the dambo and led to the initiation of peat
accumulation. Therefore, it seems logical to conclude that the study area in central
Fujian also experienced a warmer mid-Holocene (the Hypsithermal) when valley
bottoms were drier and allowed the growth of a mixed conifer-hardwood. The three
sediment cores were formed after the mid-Holocene Hypsithermal when the climate
turned cooler.

Connections between the late-Holocene cooling and the expansions in both the
pine woodland and the subtropical mountain meadow are not clear. The impacts of the
cooler late-Holocene climate would have been recorded palynologically if the region had
not been disturbed by the increasing human activities. The magnitude and rate of
vegetation change cannot be explained by climatic change alone. Human disturbance
associated with rapid population growth is believed to have been the main cause of the
regional forest decline. An examination of the population and settlement histories of the
study area should provide clues to the timing and extent of the regional vegetation
change in Fujian Province.

2)

Human Disturbance

The dramatic vegetation change recorded in the upper sections of the three pollen
sequences has been interpreted as the result of a large-scale deforestation by the local
population. A look at the settlement history of the region is necessary for a better
understanding of the regional vegetation history based on pollen records.
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The initial population growth in Fujian Province was the result of a large-scale
migration from North China. Existing data show that the population o f Fujian Province
did not reach 500,000 until about 700 AD (ca. 1,250 yr BP) (Chen, 1991) (Fig. 34).
Historically, most of the population was concentrated in lower elevation areas.
Disturbance to the upper mountain areas only occurred after the forest was exhausted at
lower elevations.

The introduction of new technologies into the region accelerated the rate and
increased the magnitude of human disturbance. Iron casting techniques were first used
for the manufacture of agricultural tools in about the 7th century BC during the Eastern
Zhou Dynasty in North China (Chang, 1977; Eberthard, 1977; Rodzinski, 1979). The
use of the iron plow can be traced back to the 6 th century BC (Temple, 1986). The
earliest forest disturbance detectable in the pollen stratigraphies was found at Core 2 only
at about 2,400 yr BP (ca. 450 BC). This low magnitude forest disturbance was probably
related to the initial use of iron tools in the region. Iron axes and chisels were much
more efficient than bronze tools in the felling of trees to open up new lands for
agriculture. This improved technology enabled the local people to disturb the primeval
forest sufficently to be registered in the regional pollen rain.

Based on the absence of a distinct hydrological and sedimentological response in
the sedimentary record, this early phase of forest disturbance was very limited in terms of
its geographical extent. Pollen evidence for this early disturbance is found in Core 2
only. This was probably because the region was only sparsely populated and most of the
local people lived on the plains and foothill areas at that time.

The earliest evidence for massive deforestation occurred at about 1,500 yr BP
(ca. 450 AD) in Site 1. It coincided with the rapid population increase due to large-scale
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Population growth history of Fujian Province between 280 AD and
1085 AD (After Cheng, 1991).
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immigrations from North China. According to Chen (1991), the human occupation of
the area now known as Fujian Province began long before the arrival of the Han Chinese,
who now comprise the vast majority of its population. The province was originally
inhabited by a few groups of indiginous people whose total population was fairly small.
The population increased rapidly due to several waves of southward migration from
North China. The population increase likely to be responsible for the major
deforestation in central Fujian Province probably took place during the political turmoil
in North China between 304 AD to 439 AD (Chen, 1991).

Before the establishment of the Chin Dynasty in 266 AD, China as a whole
suffered heavily from frequent wars among the Three Kingdoms (Wei, Shu, and Wu),
which led to an almost total ruin of the economy. From about 300 to 450 AD the Yellow
River Valley was devastated first by the wars engaged among different fractions of the
Western Chin itself and then by the invasions of nomadic tribes. The region was in
complete chaos and anarchy. Under these circumstances, a large number of Han Chinese
migrated southward, many to Fujian to escape the wars. Although the actual number of
people who migrated into Fujian Province during this time period is unknown, it is clear
that they remained in the minority compared with the native population (Chen, 1991).
However, it should be emphasized that this group of Han Chinese brought with them the
new technologies developed in North China. Their impacts on the local economy,
culture, and environment were far greater than their number might imply.

Data on the settlement history of Fujian Province are very sketchy. The dates
when county seats were first established in Fujian Province should broadly reflect the
history of settlement, assuming that a county seat could not have been established
without a sufficiently large population. In other words, initial settlement took place long
before the county seat was established; however, the establishment indicates a substantial
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population density. The map (Fig. 35) indicates that by 300 AD, only eighteen county
seats had been established and most of them were confined to the coastal plains and
inter-mountain basins. New settlements by the Han Chinese immigrants from North
China between 307 AD and 420 AD were not reflected on the map. Only three new
county seats were added between 301 AD and 600 AD However, twelve new county
seats were added during the next 300 years (601 AD to 900 AD). This appears to
confirmed my assumption stated earlier. Although the Dehua county seat was not
established until 933 AD, it was surrounded by counties established much earlier, except
to the west. Dehua county might have served as a timber source for the surrounding
counties long before its county seat was established. It is reasonable to relate the phase
of mass deforestation to the settlement of Han Chinese from North China during the
turmoil years from 300 AD to 450 AD.

Figure 35 also shows that the earliest settlements started in lowland areas such as
coastal and alluvial plains. As the population increased, new settlements moved upward
into higher elevations. This pattern agrees well with the regional deforestation history
revealed by the pollen stratigraphies. Rapid population growth started at about 669 AD
when another wave of Han Chinese immigrants (Tang Dynasty) moved into southern
Fujian and conquered the She tribes (Chen, 1991). From then on population growth was
due to both local growth and immigration of the Han Chinese. By 1,000 AD the total
population of Fujian Province reached 2,000,000. By 1,400 AD it almost reached
4,000,000. Thus more forest must have been cleared for cultivation and more trees must
have been felled for lumber to keep up with the increasing demands. As a result, the
total forest area was constantly reduced and this regional trend was registered in all three
pollen stratigraphies as a rapid decline in the total non-pine tree species. The pollen
stratigraphy from Site 2 corresponds well with the population and settlement history. A
rapid decline in Cryptomeria, Tsuga, Quercus, and Castanopsis-type pollen was detected
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Figure 35. Settlement history by county in Fujian Province. The map shows that early
settlements were mostly confined to river valeys and coastal lowlands.
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at about 1,000 yr BP (ca. 950 AD). This corresponds to the rapid population expansion
occurring at about 1,000 AD A second rapid decline in Castanopsis-type and Quercus
pollen was detected at about 1700 AD in the middle of another population expansion
(1720 AD to 1897 AD) during the mid-Qing Dynasty (Chen, 1991).

CHAPTER 8
CONCLUSION

This study has yielded three fine-resolution pollen records from the subtropical
mountains of central Fujian in southeast China. Such detailed radiocarbon-dated pollen
sequences have previously been unavailable from the region and they provide valuable
information for the study of the late-Holocene vegetation history in relation to climatic
change and human disturbance during the last 4,000 years in the Chinese subtropics.
Evidence for a major vegetation change caused by massive deforestation is prominent.
The present day vegetation in the study area is a result of this major vegetational change
and the subsequent long term human disturbance.

The primeval vegetation of the Daiyun Mountain areas was a mixed coniferhardwood forest dominated mainly by Castanopsis-types (including Castanopsis,
Castanea, and Lithocarpus), Quercus, Altingia, Liquidambar, Schima, Cryptomeria, and
Tsuga. This vegetation formation was very similar to the vegetation zone observed on the
mountain slopes between 1,400 and 1,800 meters in Huanggang Mountain today.
Altitudinal vegetation gradients are detected within the range of the three coring sites.
Cryptomeria seems to have been confined to the mountain slopes below 1,500 meters
while Tsuga occurred mostly above 1,400 meters. These two conifers probably did not
form a continuous vegetation belt because the mountain body was not high enough to
permit the development of a complete coniferous vegetation zone. Pine trees were
insignificant in this vegetation formation. However, the increase in Gramineae pollen
frequency with elevation did suggest that vegetation in higher elevations was more open
at the time. This relative openess at higher elevations is also reflected by the mineral
contents of the three cores. A higher mineral content (> 75%) was found from the basal
stratigraphic units of both Core 2 and Core 3, suggesting there were more open areas such
120
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as the exposed bedrock in their catchment areas. A relatively low mineral content was
found in the basal stratigraphic units (except Unit 1 which is very close to the bottom of
the valley) of Core 1. This apparently indicates that the catchment area of the site was
better protected by the forest.

The initiation of the dambo formation appears to be climate-related. Peat
accumulation started at about 4,000 years ago in all three study sites, suggesting the study
area had become sufficiently wet at that time. The existence of in situ tree stumps in one
of the three sites and abundant wood fragments in the basal stratigraphic unit of all three
cores suggest that the study sites had been drier and occupied by tree or shrub
communities prior to the wet period. This shift from a drier condition to the one moist
enough for peat to accumulate is probably a result of long term climatic change during the
Holocene. The wetter condition was probably caused by a decline in evapotranspiration
due to the late-Holocene cooling following the commonly documented mid-Holocene
hypsithermal in east China.

The earliest forest disturbance occurred at about 2,400 years ago. This
corresponds with the time when the iron axes and chisels were first introduced into the
region. The magnitude of this early forest disturbance was fairly limited. Before the
large-scale immigration of Han Chinese from North China into Fujian, the region was
inhabited by the Min-Yueh people and the population density was very low. The
intensity of human distaurbance made by these native people was apparently not great
enough to be detected in all three pollen stratigraphies.

The disappearance of the mixed conifer-hardwood forest in the study area could
be attributable to the rapid population growth associated with the early Han Chinese
immigration. A large number of Han Chinese migrated into Fujian between 307 AD and
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420 AD to escape the ethnic wars and political turmoil in North China. This event was
followed by large-scale deforestation which started at the lower elevations and then
moved upward driven by the increasing population pressure. Although all three pollen
stratigraphies recorded a parallel regional trend, the precise timing and the magnitude of
this deforestation varied. Abrupt changes in pollen spectra occurred when this phase of
deforestation reached a specific catchment area. This was usually followed by a period of
rising water table and then intensified soil erosion within the catchment area. As a result,
a clay or coarser clastic sediments was usually found subsequent to the deforestation.
The timing and duration of this event is a function of site elevation, accessibility, and size
and characteristics of the catchment area. The catchment area of Site 1 was totally
deforested at around 1,500 yr BP. Since its catchment size was very small, the
deforestation only lasted for a short period of time and this was represented by a rapid
decline of the major tree species in its pollen record. The catchment area of Site 2 is
larger and less accessible, it took much longer before the forest clearance was completed.
A large portion of the catchment area of Site 3 was occupied by mountain meadow.
Deforestation was less intensive and a more subdued pollen change was documented.
The pollen sequence from this site represents a more regional vegetation history because
its catchment area is higher and it was probably more open to pollen dispersing from
regional sources.

Pine woodland, which now dominates most of the mountain landscapes in the
subtropical regions of China today, did not become established until about 1,000 years
ago. For the first time, the development of pine woodland was clearly documented by the
pollen and sedimentological records from China. Human disturbance is believed to be
responsible for the expansion of this vegetation type about 1,000 years ago. This
secondary vegetation type is represented by the Pinus-Gramineae-Dicranopteris pollen
assemblage in the pollen diagrams. The question concerning the origin and age of the
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subtropical pine woodland is answered, for the first time, by well-dated pollen and
sedimentological records. The development of the subalpine meadow in the study area is
also a result of long term human disturbance.

The results of this study indicate that the upper mountain zone of the subtropical
mountains is a unique environment very sensitive to both climatic change and human
disturbances. The climax vegetation type for this habitat is the subtropical mixed coniferhardwood forest. The current dominant vegetation types are all secondary and
successional due to long term intensive human disturbances. Even in a sparsely
populated area like the Daiyun Mountain region in the Chinese subtropics, human
disturbance started as early as 2,400 yr BP and has been an important factor in shaping
the modem vegetation landscape of the region ever since.
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APPENDIX 1

SUMMARY RREPORT FROM TILIA PROGRAM CONISS FOR
HUANGGANG MOUNTAIN TRANSECT

Stage
1
2
3
4
5
6
7
8
9
10

Clusters
merged
10 11
9 10
7 8
56
12
79
34
35
37
13

Increase in
dispersion
2.078634
5.362688
11.56501
24.23626
28.48088
33.31959
33.75168
34.84933
40.69709
65.65885

Total
dispersion
2.078634
7.441322
19.00633
43.24259
71.72347
105.0431
138.7947
173.6441
214.3412
280

Within-cluster
dispersion
2.078634
7.441322
11.56501
24.23626
28.48088
52.32592
33.75168
92.83727
185.8603
280

File: CLUSTER.TIL
Number of samples = 11
Number of variables = 29
Data converted to proportions
Variables standardized to mean 0, standard deviation 1
Dissimilarity coefficient is standardized Euclidian distance
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Mean-within
cluster dispersion
1.039317
2.480441
5.782506
12.11813
14.24044
10.46518
16.87584
23.20932
20.65114
25.45455

APPENDIX 2
SUMMARY R E PO R T FR O M TILIA PRO G RA M CONISS FO R C O R E 1

Stage
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

Clusters
merged
16
20
14
19
1
10
16
1
1
1
16
14
7
9
13
7
6
1
1
1

17
21
15
20
2
11
18
3
4
5
19
16
8
10
14
9
7
6
12
13

Increase in
dispersion
2.527953
2.897096
4.715418
5.306142
6.228349
8.881815
10.00659
10.38723
10.66687
9.83543
10.75664
12.36252
12.6326
15.20442
16.93034
29.33734
31.92647
27.84934
48.01621
163.5312

Total
dispersion
2.527953
5.425048
10.14047
15.44661
21.67496
30.55677
40.56337
50.9506
61.61747
71.4529
82.20954
94.57206
107.2047
122.4091
139.3394
168.6768
200.6032
228.4526
276.4688
440

Within-cluster
dispersion
2.527953
2.897096
4.715418
8.203237
6.228349
8.881815
12.53455
16.61558
27.28245
37.11788
31.49443
48.57237
12.6326
24.08623
65.50271
66.05617
97.98264
162.9499
210.9661
440

Number of samples = 21
Number of variables = 22
Variables standardized to mean 0, standard deviation 1
Data converted to proportions
Dissimilarity coefficient is standardized Euclidian distance
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Mean-within
cluster dispersion
1.263976
1.448548
2.357709
2.734412
3.114174
4.440908
4.178182
5.538526
6.820613
7.423577
5.249071
6.071546
6.316298
8.028744
7.278079
13.21123
16.33044
14.81362
17.58051
20.95238

APPENDIX 3
SUMMARY R EPO R T FR O M TILIA PRO G RA M CONISS FO R C O R E 2

Stage

Clusters
merged

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23

1
5
10
22
3
1
5
20
14
18
20
14
13
20
5
10
1
18
10
1
1
17
1

2
6
11
23
4
3
7
21
15
19
22
16
14
24
8
12
5
20
13
9
10
18
17

Increase in
dispersion

Total
dispersion

5.748636
9.655492
11.4458
11.96568
12.44932
7.691135
12.84494
15.31505
18.93028
20.29434
21.08066
22.43389
24.99479
27.34073
27.43888
27,71084
35.10483
44.61028
45.61737
45.88474
58.15532
64.17814
188.1089

5.748636
15.40413
26.84993
38.81561
51.26493
58.95606
71.801
87.11605
106.0463
126.3407
147.4213
169.8552
194.85
222.1907
249.6296
277.3405
312.4453
357.0556
402.6729
448.5577
506.713
570.8911
759.0001

Withincluster
dispersion
5.748636
9.655492
11.4458
11.96568
12.44932
25.88909
22.50043
15.31505
18.93028
20.29434
48.36139
41.36417
66.35895
75.70212
49.93931
39.15665
110.9332
140.6067
151.133
156.818
366.1063
204.7849
759.0001

Number of samples = 24
Number of variables = 33
Data converted to proportions
Variables standardized to mean 0, standard deviation 1
Dissimilarity coefficient is standardized Euclidian distance
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Mean-within
cluster dispersion
2.874318
4.827746
5.722901
5.98284
6.224659
6.472272
7.500143
7.657525
9.465141
10.14717
12.09035
13.78806
16.58974
15.14042
12.48483
13.05222
13.86665
20.08668
21.59042
17.42422
22.88164
25.59811
31.625

APPENDIX 4
SUMMARY R EPO R T FRO M TILIA PROGRAM CONISS FO R C O R E 3

Stage
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17

Clusters
merged
3 4
7 8
3 5
2 3
14 15
6 7
12 13
10 11
10 12
17 18
16 17
14 16
9 10
1 2
1 6
9 14
1 9

Increase in
dispersion
6.99696
9.528747
10.12849
8.418288
11.31803
17.08734
17.2111
19.18225
16.3968
24.80677
21.6323
24.39439
29.46073
29.93885
34.37259
46.09523
183.0311

Total
dispersion
6.99696
16.52571
26.6542
35.07248
46.39051
63.47786
80.68896
99.8712
116.268
141.0748
162.7071
187.1015
216.5622
246.501
280.8736
326.9689
510

Within-cluster
dispersion
6.99696
9.528747
17.12545
25.54374
11.31803
26.61609
17.2111
19.18225
52.79015
24.80677
46.43906
82.15148
82.25088
55.48259
116.4713
210.4976
510

File: CONISS.TIL
Number of samples = 18
Number of variables = 30
Data converted to proportions
Variables standardized to mean 0, standard deviation 1
Dissimilarity coefficient is standardized Euclidian distance
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Mean-within
cluster dispersion
3.49848
4.764374
5.708483
6.385934
5.659015
8.872031
8.605549
9.591123
13.19754
12.40338
15.47969
16.4303
16.45018
11.09652
14.55891
21.04976
28.33333
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