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Abstract

A study to compare ground flora diversity between forest and plantations in Doi
Suthep-Pui National Park was undertaken from March to December 1994.

Five study sites, viz. evergreen forest, a regenerating gap, a eucaltyptus plantation
and a mature and young pine plantations were selected. An extensive qualitative
survey and an intensive quantitative survey were carried out. One hundred permanent
quadrats (2 x 2 m”) were used for intensive ground flora surveys., All plants rooted in
each quadrat were identified and scored for percent cover and Domin score every
month. Soil samples were also collected and analyzed for texture, % organic matter,
soil moisture at field capacity, pH, nutrients, etc. at the Faculty of Agriculture, Chiang

Mai Umiversity. Soil moisture content was determined every month.

The total number of species recorded in the extensive qualitative survey was

higher than that in the intensive quantitative survey. In the extensive qualitative




survey the number of species recorded in evergreen forest, -regenerating gap,
cucalyptus, mature and young pine plantations was 174, 105, 86, 102 and 138
respectively. Herbaceous plant species dominated the ground flora in all five sites for
both surveys. The highest species diversity (Hill's number, N1 and N2) and Evenness
(Modified Hill's ratio) occurred in the evergreen forest (55.91, 35.69 and 0.63;
respectively) and the lowest was in the mature pine plantation (16.46, 6.88 and 0.38;
respectively). The similarity (Sorensen's index) of mature and young pine plantations
was 0.66, while between regenerating gap and mature pine plantation it was 0.46.
The highest relative growth rate (RGR) of tree seedlings was 0.234 cm growth/cm of
original height/year in the regenerating gap, whilst the lowest was 0.017 cm
growth/cm of original height/year in the mature pine plantation. The highest percent
mortality of tree seedling was 15.60% in the mature pine plantation, while the lowest

was 3.27% in the forest.

Cluster analysis and ordination using percent cover and soil characteristics had
more or less the same result. Cluster analysis using the avérage percent cover from
100 quadrats (20 quadrats of each site) clearly distingnished three main groups. The
first cluster included quadrats from the mature pine plantation and regenerating gap.
The second group clustered together quadrats from the eucalyptus plantation and the
forest. The third group included quadrats from the mature pine site and the young
pine plantation. Ordination significantly showed the differentiation amongst five
sites. Mature pine and young pine were very similar, whilst the regenerating gap was

similar to both the forest and eucalyptus sites.

The use of indigenous species were recommended to conserve biological
diversity within Doi Suthep-Pui National Park. It can be concluded that to preserve
maximum biodiversity in either pine or eucalyptus plantation, you.ﬁg pine trees are
better than eucalyptus. To allow best regeneration of forest trees, a pine plantation
can be used for the early stages of regeneration, but after that the pines should be

selectively cut down to atlow other tree seedlings and saplings to grow naturally.
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CHAPTER 1.
INTRODUCTION

Man-made activities are the most significant factors in changing the species
composition of forest ecosystems in Thailand. For a long time, naturai forests in
Thailand have been exploited, cleared, and have suffered man-made damage and have
therefore, greatly declined in extent. This has caused a huge reduction in plant and
animal species diversity and structural complexity or even loss of species in forest
communities. In 1950 about 32 million ha of Thailand was forested, but by 1985
natural forest had been reduced to only 14.4 million ha; a rate of deforestation of
about 1.44% per year (Flaherty and Filipchuk, 1993). In addition, between 1976
and 1980 Thailand’s annual deforestation was 333,006 ha with the rate of
deforestation at 3.61%, the second highest after Nepal (4.33%) (Lanly, 1982,
Dankelman and Davidson, 1988). According to Roval Forestry Department
statistics, the logging ban in 1989 brought about an 34% reduction in the rate of
deforestation in Thailand (Elliott ef al., 1993).

The factors contributing to deforestation in Thailand are numerous and
complex. Most are due to the pressure of increasing population, expansion for
resettlement, logging, shifting cultivation, firewood and charcoal-making and the
demand for wood for construction. Even some well-established national parks have
large deforested areas. For example, Doi Suthep-Pui National Park has lost about a
third of its forest cover and Doi Inthanon nearly half (Elliott ef al., 1993). In 1981,
when Doi Suthep-Pui was declared a national park, 1,956 people were living within
the park’s boundaries. By 1988 this number had increased, mostly by immigration, to
13,694 (Kasetsart University, 1988). Large tracts of forest still survive on the
eastern side of the mountain. In other areas, the forest is fragmented, mostly due to
agricultural development and fire.




The remaining forest in the park has become fragmented into tiny patches,
each of which is unable to support viable populations of large animals and birds.
Gaps can be small, due to fallen trees or large, due to landslides, logging and shifting
cultivation. The time, climax forest takes to return to a site depends on the severity of
disturbance, size, climatic, physical and other environmental factors, including human
involvement. The greater the disturbance of a climax forest, the longer it will take to
recover. Climax species are slow to recolonize land that has been totally cleared
unless seed trees remain. For example, one such study was conducted in east
Kalimantan and it was found that it took 60 - 70 years after the formation of a large
gap for the number of growth-phase species to reach a maximum, and as long again
for mature-phase species to dominate and for gap formation to begin again (Whitten,
et al., 1987). However, for primary succession, on newly formed substrates such as
coastal sediments, vdlcanic ash and lava, it may take hundreds of years for complete
development. In Papua New Guinea, it was observed the establishment of primary
forest on large landslides after only 50 years. However, this was on relatively good

soils.

The public is gradually becoming aware of the need to restore natural forest
ecosystems within national parks for wildlife conservation, watershed protection, eco-
tourism, research and education. There has been enthusiastic support for several
forest restoration projects. National parks are protected areas established to maintain
ecological diversity and to conserve biological diversity. However, huge areas within
national parks are being converted from natural forest to plantations. The main
objective of plantations is to meet the demand for firewood and timber. There are
two main kinds of plantations, viz. industrial i)lantations, ¢.g. teak, eucalyptus and
pines; and non-industrial plantations, e.g. indigenous species (Lanly, 1982). By
increasing the demand for wood for industrial use, eucalyptus has become one of the

most popular species planted due to its ability to grow very fast and produce large
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quantities of wood in a given area when grown in well-managed plantations, both
within and outside its naturat range. Furthermore, many eucalyptus species are able
to grow on sites with very low nutrient status, especially those deficient in nitrogen

and phosphorus (FAO, 1988).

Recently, the interest of people in Thailand toward expanding eucalyptus and
pine plantations has declined and there has even been opposition to reforestation
programs using these species. This is because eucalyptus trees absorb a lot of water,
thus depleting the water table. Roots and leaves of eucalyptus exude toxic chemicals,
such as terpenes that may inhibit the establishment of other plants or may kill other
organisms. It takes a long time for eucalyptus leaves to decompose and eucalyptus

provides very little shelter for human and animals (FAQ, 1988).

Reforestation projects often involve establishing plantations of pine or
eucalyptus in national parks. Such plantations do not help to maintain biological
diversity and may actually reduce it which really goes against the main objectives of
national parks. This is because enormous areas of plantations, usually monocultures,
are not adequate replacements for the original forest, even though most species used
for plantations are able to grow very fast. In addition, species for plantations usually
consume a lot of water, support low species diversity, have a simple structure, have
allelopathic agents (e.g. phenols, terpenes, etc.), provide poor protection against soil
erosion and have a high nutrient uptake. In terms of water consumption and nutrient
uptake, it is related to biomass production(e.g. wood, branches and leaves), not such
much to tree species. Natural forests also consume a lot of water but may
increase useful water yield by increasing dry stream-flow and reducing reservoir
sedimentation. Species for plantations particulatly eucalyptus utilize less water than

pine, but probably more than other broadleaved trees (FAO, 1988).




When Doi Suthep-Pui was designated as a National Park in 1981, about 66% of
‘the area was covered by forest and the rest by other.land uses. The preliminary
management plan, divided the park into five land use zones, viz. (1) intensive-use-
zone: an area with no attractions and no important natural resources. Such areas
could be used for tourist development; 2) outdoor recreation zone: an arca acting as a
buffer zone to reduce the impact of the intensive use zones. (3) primitive zone: an
area with high conservation value such as watershed areas and primary forest. (4)
recovery zone: an area which has been disturbed or destroyed as a result of human
activities such as on the western side of the summit of Doi Pui. (5) special use zone:
an area occupied by government agencies. This zone would be returned to the
National Park if the government agencies stop their activities (Chansiritanorn,
1987). The current land use pattern in Doi Suthep-Pui National Park has changed
drastically. More than 40% of Doi Suthep-Pui's forest has been converted to other
land use such as resettlement, tourist development, agriculture and plantations

(Amporn, 1994; personal communication).

It is impossible to completely prevent all further conversion of forest because of
economic, social and political reasons, but if commercial interests must have
plantations in national parks, at least foresters and botanists could choose the sort of

plantation species which support the highest biological diversity.

Although studies of forest regeneration have been conducted in Doi Suthep-Pui
National Park (Elliott ef al., 1989), few studies of the ground flora have been carried
out. For example, Phuakam {1994) carried out a recent survey of the herbaceous
ground flora in deciduous forest on the eastern side of Doi Suthep-Pui National Park
at elevations of 670-750 m. Seventy one species of ground flora were recorded,
belonging to 24 families and 60 genera. 16 species of annual plants and 55 perennial,

including 40 monocotyledons, 31 dicotyledons and 14 topotypes. Studies of the




ground flora in evergreen forest have never been conducted there. Therefore, it is
necessary to do research to compare the ground flora diversity between forest,
regenerating gaps, and tree plantations, such as eucalyptus, young and mature pine

plantations.

The aims of this research were: (1) to determine how changing land use patterns
in a national park affects its capacity to conserve diversity of ground flora and (2} to
compare the diversity, composition and evenness of the ground flora communities
between primary forest and tree plantations of pine and eucalyptus in evergreen forest

from 1275 to 1550 m elevation.



CHAPTER 2.
LITERATURE REVIEW

Forests play a very important role in the environment. They are regulators of
all our basic resources (e.g. soil, water and air), besides being the ultimate
determinants of economic activities and playing a vital role in keeping a high quality
of the environment up to the desired level. Sharma et al., (1989) éxplained that
forests support high species diversity and give five important "F" commuodities i.e.,
food, fodder, fertilizer, fuel and fibre which are renewable resources‘and need proper
management for maintaining the sustainability of the human culture. In addition,
Groombridge, (1992) stated that forests have the very important fole of regulating
water flow, conditioning local climate and protecting against soil erosion. For
example, in Gambia, in 1965, when there was still good forest cover, the annual
precipitation was 1240 mm, but between 1982 and 1988 when the forest had almost
been completely destroyed, the mean level was almost halved to 650 mm (Jones,
1992). There is excellent evidence that the reduction of rainfall is a consequence of
forest clearance. Therefore, preservation of tropical forests is vital for conserving

biodiversity (Groombridge, 1992).

The tropics contain about one-third of the world's forests, including many
fragile ecosystems, which are the planet's largest reservoirs of generate resources.
They protect watersheds, regulate water resources and are the major source of timber
and fuel-wood, as well as various foods, drugs, oils, waxes, fibers and other products
which are important for local use as weed as international trade (UNEP, 1989).
Forests support a very high biological diversity. A study conducted by Whitten ef al.,
(1984) found that the diversity of tree species in Sumatran lowland forest is extremely
high. In the valley area around the Ranum River in north Sumatra, Simpson's index

of diversity for trees of 15 ¢cm diameter and over at breast height was 0.96, and in the
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neighboring hill it was 0.93; whilst in a hill forest on Bangka Island (Indonesia)
investigated by a CRES (Centre for Resource and Environmental Studies) team, the
index of diversity was 0.94 (Whitten et al_, 1984). In addition Riswan (1981} found
that in heath forest in east Kalimantan, 454-750 trees of 10 cm diameter at breast

height and over were found per ha.

However, nowadays tropical forests have become an international issue
especially in relation to logging, shifting cultivation, forest fires, etc. Tropical forests
are being destroyed and degraded at an accelerating rate. Some il million ha of
natural tropical forest are cleared yearly 10 times the rate of reforestation. Forests are
cut to make room for shifting cultivation by landless farmers, to provide land for what.
is claimed to be permanent agriculture, including cattle ranching, and to provide fuel
and timber. It is estimated that tropical forests are being felled at the rate of 34
hectares a minute and that by the year 2000 two-fifths of the developing world's

remaining forests and thousands of species will have disappeared (UNEP, 1989).

Between 1965 and 1975 the percentage forest cover in Thailand dropped from
55 to 38 percent (Evans, 1983). The area of deforested land in Chiang Mai Province
doubled in the 10 years of 1975-1985 from 323,458 ha to 651,302 ha (Grid, 1988).
FAO reports have also indicated that in Thailand there has been an increase in the rate
of deforestation over the past decade with an annual rate of loss. 2.4 % has been
estimated that around 204,000 km® of forest types are being lost annually
(Groombridge, 1992).

The impact of destruction of Thailand’s forest have brought about a variety of
environmental problems, such as loss of forest cover, increased runoff and erosion
and loss of many wildlife species (Bhumibhamon, 1986; Parnwell, 1988). In

addition, plant extinctions result from many underlying forces, such as economics,



politics, and psychology. The specific activities that cause extinction and the relative
importance of each are habitat alteration, introduction of alien species and pest and

predator control (Chiras, 1991).

Succession may be defined las an orderly process of plant community
development in which one community is replaced by another in a relatively
predictable fashion, culminating in a stable ecosystem where maximum biomass is
supported in proportion to the energy flow per unit of area. Species diversity tends to
increase with succession (Sharma et al., 1989). Recent studies indicate that the time
taken for achieving the climax growth in primary succession is at least nearly 1000
years whereas secondary succession on deforested land or abandoned agricultural
1and proceeds rapidly, but still needs at least 200 years for the development of mature

secondary forests.

The impact of land use now strongly outweighs that of climate as a vegetation
determinant (Hodgson, 1986). Natural selection has established an equilibrium
between climate and the genetic resources of each region. Vegetation is prevented
from attaining such equilibrium by patural disturbances (e.g. volcanic eruptions,
floods, etc.) and by human intervention. In many areas of intensive exploitation, the
natural vegetation dominants are now confined to local refuges or have been

eliminated completely (Solomon and Shugart, 1993).

Trees can also alter the local environment with respect to the nature of
throughfall, soil moisture, soil nutrient availability and a myriad of other factors.
Shugart (1987) treats the question of tree/environment interactions by considering
the minimal categories of gap competition in trees. The different roles of trees with
respect to gap colonization produces essentially different biomass and numbers of

individuals when monospecies plots are simulated at small partial scales (ca. 0.1 ha).



Competition for occupancy of canopy gaps is important in understanding the
dynamics of natural forests. Trees attain sufficient size to alter their own micro-
environment and that of subordinate trees. The species, shapes and sizes of trees ina
forest can have a direct influence on the local forest environment. The environment,
in turn, has a profound influence on the performance of different species, shapes and
sizes of trees. Thus, there can be a feedback from the canopy tree to the local
microenvironment and subsequently to the seedling and sapling regeneration that

may result in a future canopy {Solomon and Shugart, 1993).

Replanting trees, protecting forest against fire, designating forest reserves, .
providing irrigation, etc. are some of the ways to solve the problems of deforestation.
A quick solution to the problem of deforestation has been the rapid establishment of
small and large-scale eucalyptus and pine plantations. Although such plantation trees
grow very quickly, they have proved to be socially unacceptable in areas where
villagers rely on native forests for products such as bamboo shoots, mushrooms,
medical plants etc. which do not grow in monocultures of exotic tree species (EHiott

et al., 1989).

The ground flora of eucalyptus plantations contain less biomass and fewer plant
species than in natural forest, despite a high light level beneath the canopy (Del
Moral and Muller, 1970). This may be due to an inability of native plants to
compete with eucalyptus trees for water and nutrients or because of the production of
chemicals by eucalyptus tree which inhibit growth of other plants. De Candolle
{1832) suspected that plants release toxic materials into soil and that these last long
enough to necessitate the rotation of crops. From the beginning of this century

evidence has accumulated that plants may, directly or indirectly, harm each other




through release of chemicals to the environment, the phenomenon of allelopathy

(Rice, 1979).

The increased use of the three-needle pine (Pinus kesiya Roy. ex Gord.,
Pinaceae) and two-needle pine (Pinus merkusii Jungh. & De Vriese, Pinaceae) for
plantation establishment in the northern and northeastern regions of Thailand has led
to growing interest in tree improvement programs for those species. The Thai
Government has encouraged the participation of various institutions or funding
agencies to promote plantations. In 1968 it was decided to start imprévement work of
these two local pine species and exotic conifers as well as fast-growing broad-leaved
trees. The leading project to implement this program was the Thai-Danish Pine
Project which concentrated on pine and eucalyptus plantations (Kingmuangkau and
Granhof, 1983). A total area of reforestation of 48,000 ha per year has been
implemented (Petmak, 1993). The total area of plantations amounting to 442,360 ha
in 1982 was reported for the whole country while deforested areas amounting to 14.4
million ha. The tree species planted included indigenous species besides teak
(Tectona grandis L. f.,Verbenaceae) such as Dipterocarpus alatus Roxb. ex G Don,
Dipterocarpaceae), Pinus kesiya Roy. ex Gord. and P. merkusii Junh, & De Vriese
{(Pinaceae), Gmelina arborea Roxb. (Verbenaceae), Casuarina eguisetifolia L.
(Casuarinaceae), Tetrameles nudiflora R. Br. (Datiscaceac, Teﬁamelaceae), Cassia
siamea Lam. (Leguminosae), Azadirachta indica A. Juss. (Meliaceae), Rhizophora
spp. (Rhizophoraceae) and some species of bamboo. Others are some introduced
.species, viz. Acasia auriculiformis A Cunn. ex Benth (Leguminosae,
Papilionoideae), Melia azedarach L. (Meliaceae), Casuarina junghuniana Sensu
Com. (Casuarinaceae), Fucalyptus camaldulensis Dehnh. (Myrtaceae), Leucaena

leucocephala (Lam.) De Wit. (Leguminosae) (Petmak, 1993),
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In view of its fast growing nature and money producing capacify, the eucalyptus
1s considered by profit oriented people as the .“God-Sent—Plant” or “Green Gold”, but
the large scale of its plantating has generated much controversial debate by
environmentalists and who have called it an "Ecological Monster”. Sharma-et al,
1989 showed that eucalyptus depletes the water table, degrades soil, provides little
shade, is not easily bio-degradable and does not attract microorganisms (due to the
exudation of some toxic chemicals by its roots) which kills all useful bacteria around

the plant.

Most forest studies in tropical regions have mainly focused on the tree
communities. There have been very few studies of the ground flora communities.
Therefore, most of the techniques applied in the ground flora studies have been

developed in temperate countries. -

Southwood (1992), Ludwig and Reynolds (1988) and Goldsmith ef al., (1986),
indicate that quadrats are the most commonly used sample unit to survey the ground
flora communities. The shape of a quadrat is a simplé square or rectangular sample
area for detailed examination. Quadrats may be used to select a “typical” sample or
repeated over an area. They may be positioned regularly or randomly (considered to
be the ideal method of sampling - each sample by definition has an equal chance of
being chosen) (Goldsmith ef al., 1986; and McLean and Cook, 1968). The number
of quadrats used depends on the variability between samples. The minimum number
1s the number of quadrats that correspond to thé point where the oscillations damp

down.

The principal considerations in choosing the size of quadrats are the
morphology of the species in the vegetation to be sampled and the homogeneity of the

vegetation. Small quadrats are appropriate to the study of small plants; e.g. 10 x 10
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cm or 25 X 25 cm quadrats may be suitable for chalk grassland, afable weeds and
fixed dune grassland, and large quadrats for scrub and woodlands. A plot of 1-25 m?
1s considered as adequate for sampling herbaceous vegetation, while for small scrubs,
a plot of 25 - 100 m” is preferred and in the forest, plots of 260-500 m’ are used for
tree, with appropriate sizes substituted for the shrub and herb layers (Goldsmith er
al., 1986). In general, a quadrat size up to 0.25 m’ is suitable for herbaceous
vegetation, while sizes larger than 1 m® are required for work with woody species
Causton (1988),. For example, in Coed Nant Lolwyn, Wales (U.K.), the ground flora
in a deciduous woodland was surveyed by using 0.25 1_112 quadrats at 200 random
sample points (Causton, 1988). The density of each species was recorded in each
quadrat in this study, as a measure of the abundance of the ground flora. However,
this technique has some disadvantages in that the definition of an individual depends
on the morphology of the species concerned. This is because many grass shoots often
Join together underneath the soil by rhizomes and should be counted as one

individual, it is very difficult to prove whether they are the same individual or not.

Brockelman ef al., (1995) used one-hundred 5 m® plots in 1991 and ninety 5 m”
quadrats in 1993 to survey trees and ground flora in natural teak forest in Thailand.
There was a considerable difference in the species of ground flora found, reflected
mostly in rarer species on both above and betow 260 m MSL. Ninety seven of the
184 species recorded in 1991 were not seen in 1993 plots, and 85 of 172 species seen
in 1993 were not found in 1991. This suggests the existence of a large pool of rare
species in the forest, most of which remain undiscovered. There are marked seasonal

changes throughout the year in the character of the ground flora.

Various measurements are made within quadrats. The most simple one is

presence and absence of species, which is suitable for areas where species number 1is
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increasing markedly, or the vegetation can be quantified in terms of density, cover,

biomass, basal area, etc.

Cover is defined as the proportion of the ground occupied by a perpendicular
projection of the aerial parts of individuals under consideration (Greig-Smith, 1983),
or the proportion of ground covered by a species and should be envisaged as a vertical
projection of each species on to the ground (Goldsmith, 1991). In addition, Myers
and Shelton, (1980) explained that cover is a convenient measure for working with
many types of herbaceoué vegetation especially these which ldensity 1S not
appropriate. Cover can be expfessed as a percentage or placed in ranges of w.ralue, e.g.
the "Domin" scale which was used in Europe and in the British National Vegetation
Classification. This scale is pseudoquantitative, but is easily and quickly used in
field. it also produces satisfactory ordination and classifications (Goldsmith, 1991;
Goldsmith er al., 1986).

In a study by Okali and Onyeachusim (1991) of ground flora communities in a
plantation and natural forest in Omo forest reserve, Nigeria, ten 1 m” quadrats were
distributed randomly in 50 x 50 m’ permanent plots in each aréa and all vascular
plants less than 100 cm tall were recorded and their density used as an abundance
score. The total number of species, recruitment and absence or extinctions of specie§
in the ground flora were higher in the forest than in the plantation, but the density of
plants and seasonal fluctuations in the density were higher in the plantation than in

the forest.

Density is the number of individuals of a particular species per unit area.
Counts are usually made in a number of replicate quadrats. The determination of the
density of trees, shrubs, tussocks of grasses or sedges, arable weeds and conspicuous

individual herbs, such as orchids, is simple; but species which spread vegetatively,
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such as grasses and clover, are often impossible to deal with in this Way (Ludwig and

Reynolds, 1988).

Diversity is a macroscopic propérty of communmities, encompassing both the
number of species present and the distribution of individuals between them. Ideally
an index of diversity will vary from a minimum, when all the individuals present in a
community belong to a single species, to a maximum, when each individual belongs
to a different species. The weakness of diversity as an ecological tool lies in its
ambiguity, as noted by Odum (1969), Pielou (1969) and Hurlbert (197 1). Indices of
diversity have been proposed by Simpson (1949) and McIntosh (1967), but the most
commonly used index, the information content, “H", was introduced by Margalef

(1958) and Moore and Chapman, (1986).

Ludwig and Reynolds (1988) explained that species diversity is composed of
two components, viz. species richness, the number of species in the community and
species evenness or equitability, how the species abundances are distributed among
the species. A number of indices have been proposed for characterizing species
richness and evenness. Such indices are termed richness indices and evenness indices,
Indices that attempt to combine both indices are called diversity indices. The major
criticism of all diversity indices is that they attempt to combine and, hence confound
a pumber of variables that characterize community structure: (1) the number of
species, (2) relative species abundances (evenness), and (3) the homogeneity and size

of the area sampled (James and Rathbun, 1981).

Mac Arther (1955) and Hutchinson (1959) have suggested that diversity
contributes to stability because it increases the number and complexity of biological
interactions. It follows that, at the climax stage, when the vegetation is in equilibrium

with the environment and is, therefore, stable; diversity should be high. Others
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(Connell and Slatyer, 1964; Sanders, 1968) suggest that s’pecies‘ diversity is the
product of a stable environment. Environmental stability allows the evaluation of
community diversity and subsequently community stability. Species richness and

evenness may all be correlated to diversity.

Cluster analysis is a classification technique for placing similar entities or
objects into groups or clusters. Cluster analysis models used in a hierarchical tree-
like structure is called a dendrogram (Ludwig and Reynolds, 1988). Cluster
analysis has been widely applied in the field of vegetation analysis. Elliott et al.,
(1989) employed the cluster analysis on a transect survey.r of monsoon forest in Doi
Suthep-Pui National Park. Cluster analysis clearly distinguished two main
associations: a deciduous (D) association, in which 88.2% of the trees were deciduous
and a mixed evergreen-deciduous (M) association in which 49.6% of trees were
deciduous and 43% evergreen. In addition, Suwannaratana, (1994) applied the
cluster analysis to study the effect of irrigation on the ground flora diversity.

However, it failed to demonstrate clear clusters among sites.

Goldsmith ez ai., (1986) explained that ordination is a spatial arrangement of
samples such that their position reflects their similarity. It is used as a framework
upon which to compare species and environmental factors as a basis for making
hypotheseé about cause-and-effect relationships. In addition, ordination techniques
are appropriate to any scale of study and published accounts range from the relatively
local scale study of Gittins (1965) and Austin (1968) on small areas of calcareous
grassland, to the more extensive studies of Ashton (1964) in the dipterocarp forests of
Brunei and of Greig-Smith, ef al., (1967) in the Solomon Isiands.

The change of land use from primary forest in northern Thailand to coffee with

pigeon pea (Cajanus cajan (L.) Mill. Leguminosae, Papilionoideae) and Calliandra
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calothyrsus Meisnn (Legumindsae, Mimosoideae) led to a reduction of the species
diversity and the total dry matter of the ground flora (Zimmermann, 1993). In
addition, a study was conducted by Srivastava (1986) in chir (Pinus roxburghii Sarg.,
Pinaceae) and teak plantations. The diversity and dominance indices were inversely
correlated in a curvilinear fashion in both plantations. There was an inverse
correlation between dominance index and total basal area in the chir plantation.
Average number of species per quadrat, average diversity index and average basal
area were higher in the chir plantation, while average dominance index was higher in
the teak plantation. The total number of species was greater in the teak plantation
despite that the average number of species per quadrat was less. Soil moisture

conient at depths from 10 to 185 cm was very different in the two plantations.

Lisboa and Vinha (1982) carried out a study on the frequency and coverage of
herbaceous and woody species along four 25 m transects under cocoa (Theobroma
cacao L., Sterculiaceae) trees in a new and a 60 year old plantation. Paspalum
conjugatum Berg. (Gramineae} was the most frequent speciés in both areas, with 22%
cover in the new and 17.4% in the old plantation. Next in frequency were Commelina
nudiflora auct. non L. (=C. diffusa Burm. f, Commelinaceae), Cyanthula
achiranthoides (Amaranthaceae) and Borreria verticillata Lmk. (Rubiaceae) in the
new plantation and Setaria poiretiana (Schult.) Kunth and S. achiranthoides
(Gramineae) in the old one. Shannon's diversity index éhowed less preponderance of

the common over the rarer species in the old plantation.

The species number and diversity of ground flora may vary due to seasonal
changes and land use pattern. Okali and Onyeachusim (1991) monitored seasonal
changes in ground flora in 1981 and 1982 in a forest and Gmelina arborea Roxb.
{Verbenaceae) plantation. Total species and rates of recruitment and extinction of

species in the ground flora were higher in the forest than in the plantation, but the
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density of plants and seasonal fluctuations in the density were higher.in the plantation
than in the .forest. Seasonal changes were brought about by recruitment of new
seedlings by seed germination and by wvegetative reproduction mainly during the
favourable wet season, and death of plants mainly during the dry season. Lack of

water in the dry season could be overcome by irrigation.

It has been postulated that extensive pine plantations interfere with the diversity
and abundance of species, simplifying the ecological relationships between them. In
order to validate this hypothesis for a Pinus radiata D Don (Pinaceaé) plantation and
the other in native shrub-land dominated by Teline (Cytisus monspessulanus,
Leguminosae), Shannon-Wiener’s index was calculated to estimate the diversity of |
the vegetation. Plant species diversity was .higher in the shrub-land than in the pine
stand (Munoz and Murua, 1989). -

Conde et al., (1983) carried out a study on plant species cover, freciuency and
biomass: early responses to clear-cutting, buming, windrowing, discing and bedding L
in Pinus elliottii Engelm. (=P. palustris Mill., Pinaceae) flatwoods along a 49 ha
naturally-regenerated and mature flatwoods forest in north Florida. Planted pines
were a fast increasing, but not dominant component, of the vegetation at two year old
plantation.  Previously dominant shrubs were severely reduced, often by
approximately two orders of magnitude; woody cover was reduced from 151 to 12%
of surface area at a plantation age of two years; woody biomass from 6223 to 521
kg/ha. Herbaceous cover increased from 38 to 51% of surface area in the two vear
old plantation; herbaceous biomass from 382 to 1439 kg/ha. Thus, a predominantly
woody ecosystem was converted to a predominantly herbaceous one for two years
following planting. There was little change in plant species richness as a result of this

forest operation.
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In terms of soil characteristics between plantation and forest, Jamet (1975)
catried out a study to measure some chemical parameters of the soil under some 5-15
vear old eucalypt stands, 6-11 year old pine stands and savanna vegetation in southern
Congo. The organic matter was less under the eucalypt stands and much less under the
pine stands than in the savanna soil. C/N was similar in all soils and the older
plantations were the more acid and it was in the top soil. Furthermore, FAO (1988),
the soil under a Eucalyptus camaldulensis Dehnh. (Myrtaceae) stand was compared
with that under a mixed Quercus sp. stand in Spain. The sod was more acid, had
lower exchange cation content, etc. under the eucalyptus. It was also becoming
converted from mull to moder humus, while it was not under the mixed Quercus sp.

stand.

Srivastava (1986) carried out a study in a 13 year old eucalyptus plantation and
in a natural sal (Shorea robusta Gaertner f. (Dipterocarpaceae) forest in humid
northern India, during the rainy season. The number of species was higher in
plantations than in the sal forest. Sixty five compared with 37. There were most
annuals in the former and perennials in the latter. Considering the effects of secondary
products as inhibitors on the other plants, Del Moral and Muller {(1969) asserted that
the absence of annual vegetation near naturalized stands of Eucalyptus camaldulensis
Dehnh. (Myrtaceae) could not be explained by differences in soil, grazing, light, etc.
Extracted terpenes and water soluble toxins proved toxic to germinating seeds of
annuals on heavier soil but not in sands. Ten phenolic toxins were isolated and five
were identified. In addition, Al-Mousawi and Al-Naib (1975) confirmed that the
scarcity of herbaceous species under Fucalyptus microtheca F. Muell. (Myrtaceace) in
Irag was probably due to phenolic and volatile contents in the leaves rather than to

competition.
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CHAPTER 3.
STUDY SITE DESCRIPTION

3.1. Intreduction

This study was carried out in Doi Suthep-Pui National Park which lies a few km
west of Chiang Mai, Thailand's second largest city. Doi Suthep-Pui National Park was
designated as a national park in 1981 and is under the Royal Forestry Department. It
covers 261 km®. The summit of Doi Pui, 1685 m, is at 18° 50' N, 98° 54'E. The base
rock is granitic, but shale occurs in some lowland places. Soils are generally deep and

highly weathered.

Annual rainfall varies from about 1,000 mm/year at the base of the mountain to
about 2,000 mm/year near the summit. There is a marked dry season from December
to March, when rainfall is close to zero and a rainy season from May to November,
with peak rainfall in August (about 250 mm). The cool season is from November to
February when meaﬁ temperatures at the base of the mountain are 20-24°C, after
which meén temperatures rise sharply and peak in April at 30°C. Temperatures at
higher elevations are considerably cooler. Mean monthly rainfall and temperature of

Chiang Mai and Chang Kian village are shown in Figure 3.1 and 3.2,

For a description of the vegetation of Doi Suthep-Pui sce Maxwell (1988) and
Kuchler and Sawyer (1967). There are two basic kinds of forest, viz. deciduous forest
up to about 950 m elevation and evergreen forest above that. The svergreen forest
contains some very large trees 30-40 m high, including Sapium baccatum Roxb.

(Euphorbiaceae), Eugenia albiflora Duth. ex Kurz (Myrtaceae), Lithocarpus elegans
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Figure 3.1. Mean Monthly rainfall and temperature of Chiang Mai,
(Data from Seismic Station, Chiang Mal city, 1994).
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Figure 3.2. Maean Monthly rainfall andc temperature of Doi Suthep-
Pui Nationai Park, (Data from Chang Kian Meataerological
Station, 1994).
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(BL) Hatus. ex Soep. (Fagaceac), Castanopsis diversifolia King ex Hk. f. (Fagaceae).

Pinus kesiva Roy. ex Gord. (Pinaceae) occurs naturally and has also beel_l planted.
(Elliott and Maxwell, 1993).

Five sites were sclected in evergreen forest (1525 mASL), viz. a regenerating gap
(1500 mASL), a eucalyptus plantation (1550 mASL), a mature pine plantation (1375
mASL) and a young pine plantation (1275 mASL). The bedrock of all sites is granite.
A sketch map showing Doi Suthep-Pui Headquarters, Chang Kian village, roads and
locations of study sites is shown in Figure 3.3. |
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Figure 3.3. Map showing Doi Suthep-Pui Nationad Park, Chang Kian and Mce
village, roads, Phuping Palace and locations of five study sites.
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3.2. Site Description

3.2.1. Evergreen Forest

This site (c. 1525 m) is located at 7.9 km along the road from the Headquarters of
Doi Suthep-Pui National Park. It consists of disturbed primary evergreen forest with
some pine and much secondary growth which forms a dense forest understorey. The
aspect is 25° southwest and the slope is 45% (Figure 3.4).

Figure 3.4. Vegetation of the evergreen forest, site 1, with Imperata cylindrica
(L.) P. Beauv. var. major (Nees) C.E. Hubb. & Vaugh.
{(Gramineae) in the foreground. The liana is Spatholobus
foribundus Craib (Leguminosae, Papilionoideae), Styrax
benzoides Craib (Styracaceae) (middle), and Castanepsis
tribuloides (Sm.) A. DC. (Fagaceae) (left and right) are the more
obvious trees represented. 18 July 1994, 1525 m.
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The general soil characteristic is deep top soil, high organic matfer content and
high water holding capacity. The soil fexture is sandy-loam. Tree species include
Helicia nilagirica Bedd. (Proteaceae), Castanopsis tribuloides (Sm.) A. DC.
(Fagaceae), Schima wallichii (DC.) Korth (Theaceae), Vaccinium sprengelii (D. Don)
Sleum. (Ericaceae), Aporusa villosa (Lindl.) Baill. (Euphorbiaceae), Styrax benzoides
Craib (Styracaceae), Vernonia volkameriifolia DC. var. volkameriifolia (Compositac)
and Wendlandia tinctoria (Roxb.) DC. ssp. floribunda (Craib) Cow. (Rubiaceae).
Abundant herbaceous plants and climbers include Microstegium vagans (Nees ex
Steud.) A. Camus (Gramineae), Rubus blepharoneurus Card. (Rosaceae), Curculigo
capitulata (Lour.) OK. (Hypoxidaceae), Lepidagathis incurva Ham. ex D. Don
(Acanthaceae), Polygonum chinensis L. (Polygonaceae) and derva sanguinolenta (L.)
Bl. (Amaranthaceae). There are also abundant vines, .g. Shuteria involucrata (Wall.)
Wight & Am. (Leguminosae, Papilionoideae), Smilax ovalifolia Roxb. (Smilacaceae)

and Thunbergia similis Craib (Acanthaceac).
3.2.2. Regenerating gap

This site {c. 1500 m) is located immediately adjacent fo the evergreen forest site
(site 1). It is a deforested open area with some secondary treelets and shrubs. The

aspect is 65° northwest and the slope is 25% (Figure.3.5).

The general soil characteristic is a shallow top soil, less organic matter than in site
1 and low water holding capacity. The soil texture is sandy loam. Treelets include
Debregeasia longifolia (Burm.f) Wedd. (Urticaceae), Prunus persica (L.) Bat.
(Rosaceae, peach, planted), Artocarpus heterophyllus Link. (Moraceae, jackfruit,
planted), Prunus cerasoides D. Don (Rosaceac, planted), Melastoma normale D. Don

var. normale (Melastomataceae) and Trema orientalis (L) Bl. (Ulmaceae). The most
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Figure 3.5. Regenerating gap, site 2, with site 1 in the background.
Eupatorium adenophorum Spreng. (Compositae), Imperata
eviindrica (L.) P. Beauv, var. major (Nees) C.E. Hubb. & Vaugh
(Gramineae) (foreground), Thysanolaena latifolia (Roxb. ex
Horn.) Honda (Gramineae) (middle), and secondary growth trees,

e.g. Trema orientalis (1..) Bl. (Ulmaceae), are conspicuous.
18 July 1994, 1500 m.

abundant herbaceous plants in this site were Fupatorium adenophorum Spreng.
(Compositae), Thysanolaena latifolia (Roxb. ex Horn.) Honda (Gramineae),
Thunbergia similis Craib (Acanthaceae), Clitoria mariana L. (Leguminosae,
Papilionoideae), Urena lobata L. ssp. lobata var. lobata (Malvaceae), Pteridium
aquilinum (L.) Kuhn ssp. aquilinum var. wightianum (Ag.) Try.(Dennstaedtiaceae) and
Imperata cylindrica (L.) P. Beauv. var. major (Nees) C.E. Hubb. ex Hubb. & Vaugh.

(Gramineag).
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3.2.3. Eucalyptus Plantation

This site (c. 1550 m) is located about 6.6 km along the road, north-west of the
Headquarters of Doi Suthep-Pui National Park or 1.3 km from the forest site (site 1).

The aspect is 60° northwest and the slope is 55% (Figure 3.6).

Figure 3.6. Site 3 is situated in a c. 37 year old Eucalyptus camaldulensis
Dehnh. (Mvrtaceae) plantation. The herbaceous ground flora
includes the vine Rubus blepharoneurus Card. (Rosaceae) and
Thysanelaena latifolia (Roxb. ex Horn.) Honda (Gramineae), a 2
- 5 m tall grass. 12 September 1994, 1550 m.

Eucalyptus camaldulensis Dehnh. (Myrtaceae), native to Australia, was planted in
1957 (c. 37 years of age) and is now 25-35 m tall, well spaced (c. 8 m). Charcoal and

other evidence of ground fires are common. The general soil characteristic is shallow
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top soil, less organic matter than in sife 1 and low water holding capacity. The soil

texture is sandy-loam.

Some deciduous and evergreen tree or treelets grow at this site, e.g. Litsea cubeba
(Lour.) Pers. (Lauraceae), and Dillenia aurea Sm. var. aurea (Dilleniaceae). There
are also many herbaceous plants and weeds, e.g. Urena lobata L. ssp. lobata var.
lobata (Malvaceae), Rubus blepharoneurus Card. (Rosaceae), Polygonum chinensis L.
(Polygonaceae), Microstegium vagans (Nees ex Steud.) A. Camus (Gramineac),
Eupatorium adenophorum Spreng, (Compositae), Pteridium aquilinum (L.) Kuhn ssp.
aquilinum var. wightianum (Ag.) Try.(Dennstaedtiaceae) and Phragmites vallatoria

(Pluk. ex L.) Veldk. (Gramineae).
3.2.4. Mature Pine Plantation

This site {c. 1375 m) is located about 14.6 km along the road, north of the
Headquarters of Doi Suthep-Pui National Park and close to Chang Kian Village, about
5.4 km from the forest site. The aspect is 30° southwest and the slope is 15% (Figure
3.7.

Pinus kesiva Roy. ex Gord. (Pinaceae) was planted in 1970-1971 (c. 25 years of
age) and is now 15-20 m tall. Ground fires are frequent and there is some secondary
growth. The general soil characteristic is very shallow top soil and very liitle organic

matter (mostly pine leaves). The soil texture is sandy clay loam.

The ground flora, due to shade and pine needles, is very sparse at this site, but
coppicing stumps of Albizia odoratissima (L. £.) Bth. and Dalbergia fusca Pierre
(Leguminosae, Mimosoideae), Schima wallichii (DC.) Korth (Theaceae) and
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Fagerlindia sp. (Rubiaceae) are common. Charcoal and other evidence of ground fires
are common in this site. Clitoria mariana L. (Leguminosae, Papilionoideac), a vine, is

abundant from August to October.
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Figure 3.7. Pinus kesiva Roy. ex Gord. (Pinaceae) was planted c. 25 vears ago
and was study site 4. Frequent fires have maintained a minimum
of ground flora which include Clitoria mariana L. (Leguminosae,
Papilionoideae), Osbeckia stellata Ham. ex Ker-Gawl. var.

marginulata (C1.) C. Han. (Melastomataceae), and Cheilanthes
tenuifolin (Burm. I.) Sw. (Parkeriaceae). The leaf litter is about 16
- 12 cm thick. 12 September 1994, 1375 m.



3.2.5. Young Pine Plantation

This site (c. 1275 m) is located about 16.8 km along the road, north of the
Headquarters of Doi Suthep-Pui National Park, is also close to Chang Kian village near
site B (Faculty of Agriculture Station, Chiang Mai University), about 2.2 km from the
mature pine plantation (site 4). The aspect is 90° west and the slope is 25% (Figure
3.8).

Figure 3.8. Site Sisac. 12 year old plantation of Pinns kesiya Roy. ex Gord.
(Pinaceae). The ground flora, due to less shade, is better
developed than in site 4. Preridium aguilinum (L.) Kuhn ssp.
aquilinum var. wightianum (Ag.) 1ry. (Dennstaedtiaceae), Cliforia
mariana L. (Leguminosae, Papilionoideae) and seedlings of Sgrax
benzoides Craib (Styracaceae) and Schima wallichii (DC.) Korth
(Theaceae) are found. 12 September 1994, 1275 m.
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Pinus kesiya Roy. ex Gord. (Pinaceae) was planted in 1982-1983 (c. 12 years of
age) and is now 7-9 m tall. The ground flora is sparse and there is evidence of frequent
fires and much secondary growth. The general soil characteristic is a shallow top soil,

fittle organic matter and low water hoiding capacity. The textuse is sandy clay-loam.

The most abundant tree seedlings are Wendlandia tinctoria (Roxb.) DC. ésp.
floribunda (Craib) Cow. (Rubiaceae), Castanopsis diversifolia King ex Hk. f.
(Fagaceae), Dalbergia fusca Pierre and D. stipulacea Roxb. (Leguminosae,
Papilionoideae), Aporusa villosa (Lindl.) Baill., Phyllénthus emblica L. and P.
sootepensis Craib (Euphorbiaceae) and Stvrax benzoides Craib (Styracaceae).
Pteridium aquilinum (L.) Kuhn ssp. aquilinum var. wightianum (Ag.) Try.
(Dennstacdtiaceae), Smilax verticalis Gagnep., S. ovalifolia Roxb. (Smilacaceae) and
Inula cappa (Ham. ex D. Don) DC. forma cappa (Compositae) are common herbs.

The general description of each site is summarized in Table 3.1.

Table 3.1. The aspect, slope, and elevation of each site.

Site Plot Elevation Aspect - Slope
(mASL) O (%)
1 |Evergreen Forest 1525 25 8W 45
2 |Regenerafing gap 1500 65 NW 25
3 |Eucalyptus plantation 1550 60 NE 55
4 |Mature pine plantation 1375 30 SW 15
5 | Young pine plantation 1275 90w 25
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CHAPTER 4.
MATERIAL AND METHOD

4.1. Materials and Equipment:

4.1.1. Materials:

- Plastic bags and rubber bands

- Paper and paper bags

- Species list from Doi Suthep-Pui plant database from the CMU Herbarium,
_ Biology Department, Chiang Mai University.

- Topographic map of Doi Suthep National Park

4.1.2. Equipment:

- Bamboo 1')oles - Nylon string
- Tape meter (1.5 m and 50 m) - Trowel

- Electric balance - Hammer

- Altimeter ~ Plant press
- Sirong knife and scissors - Compass

- Collecting plant speciment (Poles) - Camera

- Metai labels and string wire

- Electric balance
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trees/treclets, vines, woody climbers, and shrubs both evergreen and deciduous, were
recorded. FOXPRO 2.0 programme was used to record species at all sites during
extensive qualitative and intensive quantitative survey. This programme was also

employed to determine the number of overlapping species and Sorensen’s index.

For the intensive quantitative survey, an area judged o be typical 100 x 50 m’ was
demarcated in each of the five sites. Twenty 2x2 m” quadrats were established within
the sample plot using a regular sampling pattern, giving 100 quadrats in all. Nylon-
string was used to delineate the quadrats and to avoid trampling the vegetation within
them. The percent cover and Domin score of each species were recorded in every
quadrat. Plants rooted within the quadrat but growing outside the quadrat were also
recorded. Additional species found in the quadrats were added to the research database
along with abundance scores. Percent cover and Domin score of each species were
recorded every month from May to No;/ember 1994. Herbaceous plants, trees/treelets,

vines, shrubs, and woody climbers found were recorded.

Species diversity and evenness indices were calculated for each site using the
equations described below (Ludwig and Reynolds, 1988).  Species diversity and
evenness were plotted using both species frequency data and total percent cover of each

species over all seven observations.

A species-area curve was plotted using species frequency data of each for all
seven observations. The Statistical Package for the Social Sciences (SPSS) was used
to carry out a cluster analysis and ordination of all 100 quadrats (Appendix 1). These
analyses were carried out on the percent cover of each species averaged over the whole

study period.
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4.2. Methods
4.2.1. Study of ground flora community

Two main methods of data collection were used: an extensive, qualitative survey

and an intensive, quantitative survey.

The extensive, qualitative survey was carried out using a check list from the Doi
Suthep-Pui plant database from the CMU Herbarium, Eiology Department, Chiang
Mai University. This study was carried out by walking around each site for three
months from March to May 1994. All non-woody plants and seedlings not taller than
2.5 meters found in each site seen in the ground flora and understorey, were recorded

and a rough indication of abundance was noted using a scoring system of 1-3.

Abundance score used in this study was as follows:
0 = probably extirpated;
1 = down o a few individuals, in danger of extirpation;

= rare; -

medium abundance;

2
3
4 = common, but not dominant;
5

abundant, species dominate in its normal habitat.

Seedlings and coppicings, less than 5 cm high were not recorded. Unknown
species were collected, using a plant press and identified at the Herbarium, Chiang Mai
University. Species richness was calculated for each site of the five sites using the
equations described below (Ludwig and Reynolds, 1988). Similarity among the sites

was calculated by using Sorensen's index. In this survey, herbaceous plants,
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The characteristics of each sample plot were as follows:
The sample plot in forest site was laid down 10° southwest. Twenty 2 x 2 m’

quadrats were set up within the sample plot of 12.5 x 20 m apart.

The sample plot in the regenerating gap was laid down in two direction: 35° north-~
west with fourteen 2 x 2 m® quadrats of which 12.5 x 25 m apart and 45° north-east

with six 2 x 2 m” quadrats of which 12.5 x 30 m apart.

The sample plot in the eucalyptus plantation was sloped 60° northeast. Twenty 2 x
2 m® quadrats were set up within the sample plot of which 12.5 x 20 m apart.

The sample plot in the mature pine plantation was sloped 20° northwest. Twenty

2 x 2 m” quadrats were set up within the sample plot of which 12.5 x 20 m apart.

The sample plot in the young pine plantation was sloped 90° west. Twenty 2 x 2

m? quadrats were set up within the sample plot of which 12.5 x 20 m apart.
The Domin score:

Class Domin

+ isolated; cover small

| scarce; cover small

2 very scattered; cover small
3 scattered; cover small '

4 abundant; cover about 5%
5 abundant; cover about 20%
6 cover 25-33%
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7 cover 33-50%
8 cover 50-75%
9 cover 75-under 100%

10  cover about 100%
4.2.2. Species Diversity: (Hi]l's number)

NUMBER 1: N1 =e¢H'
NUMBER 2: N2 = 1/A

Where: H' is Shannon's index

A is Simpson's index

4.2.3. Shannon’s Index

S ni
H'= X(pilnpi), where pi= -
i=1 N

4.2.4. Simpson's Index

S
A= 5 pi
i=1
Where : H = average uncertéinty per species in an infinite community
S' = total number of species in the community
pi = proportional abundance of the i species

1i = number of individuals (abundance) of the i

N = total number of individuals (abundance)
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- 4,2.5. Species richness :

NO = total number of species

4.2.6. Evenness : (Modified Hill's Index)

(1/2)-1
ES = -acommcmmmn—
eH -1
Where :
S
A = Zopi
=1

4.2.7. Similarity coefficient: (Sorensen's index) of communities between sites
2a

S8 = mmemee——-
b+c

Where :
a = Number of species that present in both sites
b = Number of species that present only in site 1

¢ = Number of species that present only in site 2

4.2.8. Difference coefficient:

formula used for calculating the distance between sites is:
CRDjk =N2 (1 = CCOSjk)
Where : CRDy;, = chord distance between SU jand SUK,
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which range from 0 to V2
ccos = chord cosine is computed from: -
S.

2 AXy . Xy)
i=1

/ S S
ngz'lekz

i1 =1

CCOSjk =

Where : X; = relative abundance of i species in SU .

X = relative abundance of i* species in SU k.

4.3. Cluster Analysis and Ordination

Ludwig and Reynolds (1988) showed that Cluster analysis (CA) is used to place
similar samples into clusters; which are arranged in ahierarchical tree-like structure
called a dendrogram. Two ways of cluster analysis were used in this study, viz. (1)
using the average percent cover for seven observations for 100 quadrats and (2) using
the total number of twenty quadrats of percent cover in all over seven observations
from five sample units (SUs). Clustering is by the flexible strategy with B = - 0.25
and by Chord Distance (CRD) index.

Ordination methods implemented in this study was Polar Ordination (PO) method
of Bray and Curtis (1957). The procedure involved the selection of SUs (sites) as
endpoints (poles) on an axis, followed by a simple geometric positioning of the
remaining SUs relative to these endpoint SUs. This was plotted using the same data as
cluster analysis did, but this was done by computing the Percent Dissimilarity (PD)

between SUs.
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~ The equation used was as follows:

PD=1-[2W /(A +B))

S
W = 3 fmin(X, X))
i=1
S S
A= inj and B= EX&
i=1 =1

Where :
PD = Percent Dissimilarity between two sites
X; = relative abundance of i" species at SU j.

X, = relative abundance of i* species at SU k.

4.4. Seedlings

The size, species and health of tree seedlings found were recorded to determine an
indication of how plantations may act as a nursery crop, facilitating the establishment of
forest irees. One parameter is relative growth rate. The height of seedlings at the
beginning and in the end of study were recorded in each quadrat to determine the
relative growth rate (RGR). This was done to compare the relative growth rate
projected in one year. The health of tree seedlings was determined by calculating the

number of dead seedlings during observation within the quadrats.

The equation employed to determine the Relative Growth Rate (RGR) was as

foliows:
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LnH2-InHI1
RGR = x 365 days = cm growth/cm of
T2-T1 original height/year

Where :
H1 = height at the beginning of observations
H2 = height at the end of observations
T2-T1 = number of days between T1 to T2
T1 = first measurement
T2 = second measurement

and the equation employed to determine the mortality of seedlings was as follows:
Mortality = (ND / TN) x 100%
Where :

ND = number of dead species

TN = total number of species

Age-class structure of tree seedlings was plotted using the data of the height of tree

seedlings from 5 cm to 250 cm at the end of study which was classified into ten-age

classes against the number of tree seedlings.

4.5. Soil Analysis

Thirty 1 kg soil samples were collected from each transect at the beginning of the

intensive quantitative survey and analyzed for field capacity, orgamc matter, pH,

nutrients, etc. (using standard methods at the Faculty of Agriculture Central Soil

Laboratory). Every month 100 g soil samples were collected (in plastic bags fastened
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with rubber bands to avoid evaporation) to determine the soil moisture content. Soil
samples were dried in an electric oven at 80°C for two days and the moisture content

calculated as percentage of gram water per 100 gram dry soil using the formula:

. B-C
Soil moisture content = =--------- (g water/g dry soil)
C-A

Where : A = paper bag weight.
B = paper bag + soil sample weight (sample initial weight).

C = paper bag + dry soil weight (sample final weight)

To demonstrate the grouping between sample units (SUs) based on the soil analysis
results, a cluster analysis was plotted. This was done using the data from soil analysis
of Faculty of Agriculture, Chiang Mai University. For data processing and presentation,
FOXPRO 2.0, spreadsheet, ecostate, analysis of variance (ANOVA), SPSS, cluster

analysis and ordination were used.
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CHAPTER S5,
RESULT

5.1. Extensive Qualitative Survey

A total of 249 species were recorded in all sites, belonging to 191 genera and 101
families. Species from tﬁe Families Leguminosac (Papilionoideae), Compositae,
Gramineae, Rubiaceae, and Zingiberaceae were abundant at all five sites, with the
number of species out of the total species recorded of 9%, 7%, 6.8%, 4.5%, and 3.6%;
respectively. A list of ground flora and tree seedling species found at all five sites is

shown in Appendix 2.

The number of herbaceous plant species (298 species) recorded in the extensive
qualitative survey at all five sites was the highest, followed by trees (163 species), vines
(90 species), woody climbers (31 species), while the lowest was shrubs (23 species) for
both evergreen and deciduous species (Table 5.1).

5.1.1. Species richness
Species richness is the number of species in a community. The species richness in
the forest, regenerating gap, eucalyptus, mature pine and young pine plantation was

174, 105, 86, 102 and 138; respectively.

5.1.2. Similarity
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The numbers of species common to site pairs are shown in Table 5.2. The forest
and young pine plantation had the highest degree of overlap, whilst the lowest was

between eucalyptus and mature pine plantations.

Table 5.1. Species composition found in five sites from the resulis of extensive

qualitative survey

SPECIES SITES
COMPOSI- o TOTAL
TION Forest Reg.gap Fucalypt MPine Y.Pine
Trees : |

ctfett - 39 17 11 18 26 111

det/detlt 14 8 5 9 16 52
Shrubs : _
es/des 8 2 2 5 6 23
Woody climbers:

ewc/dewc 13 8 3 1 6 31
Vines :

ev/dev 21 16 15 16 22 90
Herbs 79 54 50 53 62_ 298
TOTAL 174 105 86 102 138 605
Note :

et/etlt = evergreen treefevergreen treelet

det/detlt = deciduous or evergreen tree/deciduous or evergreen treclet

es/des = evergreen shrub/deciduous or evergreen shrub

ewc/dewe = evergreen woody climbet/deciduous or evergreen woody climber

evidev = evergreen vine/deciduous or evergreen vine
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Table 5.2. The number of overlapping species.

FOREST REG.GAP EUCALYPT MUPINE Y.PINE
FOREST - 87 64 71 92
REG.GAP - ' 58 48 64
EUCALYPT - 43 53
M.PINE - 78
Y. PINE -

Figure 5.1-shows the values on Sorensen’s index for comparisons between sites.

EUCALYPT M.PINE
(86) (105)

Figure 5.1. Similarities amongst sites using Sorensen’s Index

42




The higher the number, the more similar the two sites are. The highest similarity
occurred between the mature and young pine plantations, whilst the lowest was

between the regenerating gap and mature pine plantation.-
5.2. Intensive Quantitative Survey

The number of species recorded in the quantitative study was lower than in the
extensive qualitative survey. A total of 197 species were recorded, Bclonging to 152
genera and 84 families. The number of species found in fhc forest, regenerating gap,
eucalyptus, mature pine and young pine plantations was 132, 80, 76, 74 and 116;

respectively. The list of all species found at all sites is shown in Appendix 3.

The number of herbaceous plant species (240 species) recorded in the intensive
quantitative survey was the highest, followed by trees (129 species), vines (74 species),
woody climbers (23 species) and the lowest was shrubs (12 species) for both evergreen

and deciduous species (Table 5.3).
5.2.1. Species/Area curves
Species/area curves were plotied from species frequency data by combining
* presence/absence data of each species over all seven observation times and then
summing the probabilities of each species occurring in a given number of quadrats.
Figure 5.2 shows that, particularly in the forest, young pine and mature pine,

species-area curves nearly reach an upper asymptote, indicating that 20 quadrats were

almost sufficient to adequately represent the whole community.
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Table 5.3. Species composition found in five sites in intensive quantitative survey.

SPECIES SITES
COMPOSI- TOTAL
TION FOREST REG.GAP EUCALYPT M.PINE Y.PINE
Trees : :

et/etl 32 14 10 17 23 26
det/detlt 8 4 4 7 10 33
Shrubs :

es/des 3 1 Py | 2 4 12
Woody climbers:

ewc/dewe 10 4 2 1 6 23
Vines :

evidev 18 11 15 11 19 ‘ 74
Herbs 61 42 47 36 54 240
TOTAL 132 76 80 74 116 476
Note :

et/etlt = evergreen tree/evergreen treelet
det/deilt = deciduous or evergreen trec/deciduous or evergreen treelet
es/des = evergreen shrub/deciduous or evergreen shrub
ewc/dewc = evergreen woody climber/deciduous or evergreen woody climber

ev/dev = evergreen vine/deciduous or evergreen vine

5.2.2. Species Richness, Species Diversity and Evenness

Species diversity indices (both N1 and N2) were the highest in the forest site
compared with the other sites, while the lowest was in mature pine plantation. The
evenness indices in forest and young pine sites were shared the same but higher than

that of other sites and the lowest occurred in the mature pine plantation. Species
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richness in the forest site was the highest, while the lowest was in the eucalyptus site

(Table 5.4).

140

NO. OF SPECIES

01234567 8 91011121314151617 181920
NO. OF QUADRATS

~ FOREST +REG.GAP * EUCA.PL. *MPINE PL. > YPINE PL,

Figure 5.2. Species/area curves from speéies frequenéy data at
all five sites

5.3. Cluster Analysis and Ordination
Two kinds of cluster analysis were applied as follows: i) using SPSS, using the

mean percent cover over seven observations of all one hundred quadrats separately at

all five sites and ii) using CLUSTER.BAS (Ludwig and Reynolds, 1988), using the
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Table 5.4. Species richness, species diversity (Hill's number index) and evenness

(Modified Hill's ratio) based on the mean of percent cover.

Species ~ Sp. diver index Evenness
Sites richness N1 N2 Modified
(specics) (species) (species) Hill's index

Evergreen forest 132 55.91  35.69 1 0.63
Regenerating gap 76 19.73 10.13 0.49
Eucalyptus plantation 80 26.10  15.87 0.59
Mature Pine plantation 74 16.46 6.88 0.38
'Young Pine plantation 116 47.65  30.39 0.63

total percent cover of the twenty quadrats at cach site combined over seven
abservations, Clustering among sites using average linkage between groups {cosine
method) demonstrated clear grouping amongst the 100 quadrats (Figure 5.3). The
mean percent cover of each species for 100 Mam over all seven observations is
presented in Appendix 4. Three main groups or clusters could be distinguished as
follows: i) a cluster between some quadrats in mature pine plantation and regenerating
gap, i) a cluster bcfwecn some quadrats in the eucalyptus and forest, and i} a cluster
between some quadrats in the mature pine plantation and young pine plantation.

Hierarchical cluster analysis, using cosine index, is shown in Appendix 5
The results of clustering using CLUSTER.BAS with the flexible strategy (BETA

= -0.25) based on cord distance using fotal percent cover of twenty quadrats combined

at each site over seven observations is shown in Table 5.5.
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Figure 5.3. Dendrogram showing three main clusters using percent cover

from 100 quadrats (method of Cosine index).
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Table 5.5. Program CLUSTER.BAS results giving (a) distance between the five sites
{SUs), and (b) clustering of the sites

(a) Chord Distance (CRD)

Forest Reg.gap Eucalypt M.pine  Y.pine
Forest - 1.01 0.99 1.28 1.26
Reg gap - 1.24 1.19 1.27
Eucalypt - 1.34 . 1.35
M.pine : - 1.26
Y.pine -
(b) Chustering by the flexible strategy with p = ~0.25
Clustering No. of Clustering Reference  SUs
cycle Groups level SUs in the group
1 4 0.99 1 3
2 3 1.16 1 2 3
3 2 1.26 4 5
4 i 1.37 1 2345
4 1 1.37 1 all SUs form one group
Note ;
Forest = evergreen forest

Reg.gap = regenerating gap
Eucalypt = eucalyptus plantation
M.pine = mature pine plantation
Y.pine = young pine plantation

SUs = sample units
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A dendrogram showing the relationships among the five sites using Chord
distance and the flexible strategy with B = -0.25 is presented in Figure 5.4. The first
cluster occurred between the forest and eucalyptus plantation sites with the coefficient
level = 0.99, followed by the second cluster beiween regenerating gap with both the
forest and eucalyptus plantation with cluster Ievel = 1.16 and the third cluster was

between the mature pine and young pine plantations with cluster level = 1.26.

Sites © 0.99 116 126 1.37

YP

MP

F = Evergreen forest sile MP = Mature pine plantation sité
G = Regenerating gap site YP = Young pine plantation site
E = Eucalyptus plantation site

Figure 5.4. Dendrogram showing the relationship amongst sites using Chord

Distance (CRD) and the flexible strategy § = - 0.25.

A simplified polar ordination was applied to the data of the percent cover of 197
species in all five sites. The BASIC program PO.BAS was used with PD (Percent
Dissimilarity) as the resemblance measure (Table 5.6).
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Table 5.6. Polar ordination results as summarized for five sites from
the index of mean absolute distance, using BASIC program
PO.BAS.

Enter the SU numbere for the endpoints of the X axis; 3, 4
Enter the SU numbers for the endpoints of the Y axis; 1, 2

Mean absolute distance between endpoint SU 3) and SU
D=124 2)=147 4 =182 35)=169

Mean absolute distance between endpoint SU 4) and SU
1)=1.65 2)=1.67 3)=182 5)=124

Mean absolute distance between endpoint SU 1) and SU
=135 3)=124 4=165 35)=152

Mean absolute distance between endpoint SU 2) and SU
1)=135 3)=1.47 4)=167 5)=169

X and Y coordinates tor a two-dimensional polar ordination:

SU X Y
) 1.23 1.35
2) 1.09 0

(3) 1.82 0.91
@) 0 0.71
(5) 0.55 0.85

Note :
SU (1) = forest site
SU (2) = regenerating gap site
SUB3)= euce_dypms plantation site
SU (4) = mature pine plantation site

SU (5) = young pine plantation site
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The X and Y axes of the five sites polar ordination based on percent cover of 197

species are drawn in Figure 5.5.

1.35¢7 F
YP .
MP E
0 1.82
G
0 r
¥ = Evergreen forest site MP = Mature pine plantation site
G = Regenerating gap site YP = Young pine plantation site

E = Eucalyptus plantation site

Figure 5.5. The X and Y axes of five sites system units polar ordination

based on the percent cover of 197 species.

5.4. Seedling community

A total of 773 tree scedlings were recorded, belonging to 63 species, 47 genera
and 31 families. Of about 80% of tree seedling were evergreen tree/treelet and the rest
were deciduous treeftreelet. The relative growth rate and mortality of all seedlings were

calculated. The list of seedling species found in all five sites is shown in Appendix 6.
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The highest average relative growth rate of all tree seedlings occurred in the
regenerating gaps, whilst the lowest was in the mature pine plantation. The highest
mortality of tree seedlings occurred in the mature pine plantation, whilst the lowest was
in the forest site. The highest tree seedling's density occurred in the forest site, whilst

the lowest was in the eucalyptus site (Table 5.7).

Table 5.7. Relative Growth Rate (RGR), mortality (%), density (m™®) and number of
species of tree seedlings at all five sites.

FOREST REG.GAP EUCALYP MPINE Y.PINE
Relative Growth Rate 0.195 0.234 6.021 0.017 0.089
(RGR)
Mortality {%0) 3.27 10.40 8.90 15.60 12.71
Density (m™) 3.44 1.34 0.45 1.19 3.25
No. of species 42 24 14 18 35
j

Note : Reg.gap = regenerating gap M.pine = mature pine plantation

Fucalyp = eucalyptus plantation Y.pine = young pine plantation

8.5. Age-class structure

An age structure of tree seedling at all five sites was shown in Figure 5.6. The
forest site, regenerating gap and young pine sites show that regeneration was
progressing, indicating the number of young seedlings were dominant. However, the
mature pine and eucalyptus plantation sites show that degeneration occurred, indicating

the number of adult seedlings were dominant.
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Figure 5.6. Age-class structure of tree seedlings at all five sites.

5.6. Soil Properties

The soil texture was mainly a sandy loam, except in the young pine plantation
which was a sandy clay loam. There were highly signiﬁcanf differences in the clay

content of the soil texture, while the silt content was not significantly different.

Field capacity in evergreen forest was the highest and significantly higher

compared to the other sites. Organic matter content in the evergreen forest was the
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~ highest and the lowest was in the young pine plantation. The pH of the soil was about
5.3 - 5.8. The highest pH occurred in the regenerating gap whilst in the mature pine
plantation it was the lowest. The nutrient content, especially percent nitrogen in the
evergreen forest site, was the highest and significanily different compared to the other
sites. However, the potassium content of soil in the regenerating gap was the highest
and significantly different compared to the other sites. It was lowest in the mature pine

plantation (Table 5.8).

Cluster analysis based on soil parameters, using SPSS (Statistical Packages for
Social Sciences), showed that the lowest clustering coefficient was between mature pine
and young pine plantation, followed by the regenerating gap and eucalypfus plantation
site, and then cluster regenerating gap and eucalyptus plantation site with the evergreen
forest site and finally fuse to form one cluster. The lower the coefficient is, the more -

similar the characteristics of the sites are (Figure 5.7).

Dendrogram using Average Linkage (Between Groups)
Rescaled Distance Cluster Combine

CASE 0 5 10 - 15 20 25
Label Num  4==r————=— pomm o — fmm e R +

M. Pine
Y. Pine
Gap
Eucalypt
Forest

LR O

Figure 5.7. Dendrogram showing the clustering of sites using

sotl parameter.

Linear regression anafysis using bivariate analysis showed that soil moisture at field
capacity was influenced by organic matter. Of which 99.76% of the vanation was
accounted for the percent of organic matter. The equation formed from those can be

seen as follows: Y = 0.05 (organic matter) + 21.09.
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Table 5.8. Mean value of soil properties in all sites from six replications.

SITE Levet of
Properties signifi-
FOREST REG.GAP EUCALYP MPINE Y.PINE | cance
Soil texture
% sand 69.64 63.71 60.34 57.24 56.41 \
% silt 19.59 24.02 22.32 15.76 17.15 ns
% clay 10.77 12.28 17.34 27.00 26.44 ok
Nutrients
% Nitrogen 0.69 0.45 0.46 0.42 0.37 ok
Phosphorus (ppm
exchangeable) 16.17 15.92 24.00 3.67 8.08 ek
Potassium (ppm
exchangeable) 116.35  156.03 145.93 32.90 75.45 ok
pH 5.72 5.77 5.47 5.26 5.41 Ak
% organic matter]  16.03 9.33 9.45 8.73 7.42 Aok
% moisture at
field capacity 54.87 39.86 39.09 38.98 35.65 4
Notes:

ns = non significant

*

Il

significant difference with 95 % confidence level
significant difference with 99 % confidence level

oo

Forest = evergreen forest
Reg.gap = regenerating gap
Eucalyp = eucalyptus plantation
M.pine = mature pine plantation
Y.pine = young pine plantation
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5.7. Soil Moisture Content

Figure 5.8 shows that soil moisture content was significantly higher in the
evergreen forest than in all other sites (ANOVA, p<0.05). The monthly soil moisture

content for five sites is shown in Appendix 7.

SOIL MOISTURE CONTENT (gr water/gr dry soif)

80 ‘ N\

0
7 JUN 15 JUL 12 AUG 17 SEPT 21 OCT 16 NOV 18 DEC
MONTHS

= FOREST +REG.GAP > EUCA PL. ® MPINE PL. *<YPINE FL.

Figure 5.8. Monthly soil moisture content from five different sites
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CHAPTER 6.
DISCUSSION

The extensive qualitative survey recorded more species than the intensive
quantitative survey did (Table 5.1 and 5.3).. This is because the extensive qualitative
survey covered all species found growing in each site and additional species recorded
during the intensive quantitative survey were added to the research database as part of

the qualitative survey's result.

The results showed that the ground flora species composition in the forest site
differed from the other sites. This was apparently due to environmental changes
which occurred when the natural forest was cleared and converted to plantations.
Such enviromental aspects as microclimate, temperature, humidity, precipitation and
soil are the most significant factors contributing in changes species composition when
the conversion of natural forest to plantations occurred. Whitmore {1992) asserted
that at least three main reasons why some tropical rain forests are rich in species
resulting from: (i) a large stable climatic history in an equiable environment, (ii) a
forest canopy provides large number of spatial and temporal niches and (iii) richness
results from interactions with animals, mainly as pollinators and dispersers, factors
which can not be found in the plantations. In terms of soil nutrient content, especially
nitrogen, such changes included a considerable reduction of nutrient reserves
available to the vegetation, becaﬁse of nutrient losses due to fire and cultivation, top
soil losses due to heavy rain, opening of the nutrient cycle due to a loss of root-
matting and subsequent high leaching rates, rapid reduction of organic matter in the
soil Tesulting in a significant decrease in cation exchange capacity and in mineralized
nutrients in erosion of the top layer of soil (Spurr and Burton, 1980).

Tables 5.1 and 5.3 show that herbaceous plants dominated the ground flora while

shrubs were the most sparse (both in the extensive qualitative and intensive
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qualitative surveys). Forest supported the highest species compoéition, whilst the
lowest was in the eucalyptus plantation, particularly for deciduous/evergreen vines,
which was significantly lower than in the evergreen forest site. Replacement of
natural forest with plantations therefore reduces the capacity of an area to support

high number of species.

The number of species in common between forest and young pine plantation
was the highest, whilst the lowest was between mature pine and eucalyptus
plantations (Table 5.2). Presumably the higher the number 1s, the more similar are
the characteristics of the sites. This indicated that the mature pine plantation had a
very different species composition compared to the eucalyptus plantation or it can be
said that very few species are common between the two sites. In terms of the value of
Sorensen's index, the highest similarity was 0.66, between mature and young pine
plantations, ‘while the lowest was 0.46, between mature pine and eucalyptus
plantations (Figure 5.1). This simply means that mature and young pine plantations
had many species in common (shared), while the regenerating gap and mature pine

sites had very few common species.

Species/area curves are very useful to determine the minimum area that adequately
represents a community. Increasing the number of sample plots increases the number
of species recorded. Figure 5.2 shows that, particularly in the forest, mature pine and
young pine, species/area curves nearly reached an upper asymptote, indicating that
twenty quadrats were almost sufficient to adequately represent the whole community

at each site.

The species richness index (for both the extensive qualitative and intensive
quantitative surveys) was highest in the forest (Table 5.4). As mentioned by Ludwig

and Reynolds (1988), species richness is the number of species in the community.
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The forest site supported the highest number of species, whilé the eucalyptus
plantation supported the lowest (extensive survey). Bruenig ef al., (1991) explained
that species richness was mainly related to site conditions and the evenness or
diversity or mortality, small-scale and medium scale catastrophes, regenerate cycles
and long-term successional changes in the vegetation, soil and physiognomy and
texture (architecture) of crowns and canopies were expressions of adaptations to

physical and other conditions of the site.

Species diversity indices (both N1 and N2) in the forest were the highest, while
the lowest were in the eucalyptus .plantation which was not very different to the
mature pine plantation. It is suggested that both plantations (eucalyptus and mature
pine) not only absorbed a lot of water from the soil, but also exuded chemical
substances which may have adverse effects on other organisms, including herbaceous
plant. Poore and Fries, (1988) revealed that certain species of eucalyptus may
produce chemicals from their leaves or litter that inhibit the germination or growth of
other plant species. Known as allelopathy, this effect is quite different from direct
competition for water, minerals or light. Similarly Del Moral and Muller (1970)
noted that Eucalyptus camaldulensis Dehnh. (Myrtaceae) inhibits improved grassland
species including Bromus mollis 1. (Gramineae) and Lolium - multiflorum Lam.
(Gramineae). There was more vegetation under oak, in 45% sunlight, than under the
eucalyptus, in 64% sunlight. Al-Mousawi and Al-Naib (1975) found a scarcity of
herbaceous plants in plantations of Eucalyptus microtheca F. Muell. (Myrtaceae) in
central Iraq, which was not due to lack of moisture, nuirients or shading; but leaf
extracts, decaying leaves and soil inhibited gemmination and growth of associated
species. ' The wvolatile inhibitors found were the same as those identified for
Fucalyptus globulus Labill. (Myrtaceae) by Del Moral and Muller (1969). They
found that the absence of vegetation beneath Eucalyptus globulus Labill. (Myrtaceae)

could not be attributed to competition for essential resources, but phytotoxins in fog-
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drip appeared to be capable of causing this. A number of annual grésses were tested

with the solution coming through the canopy.

In contrast, Chaubey er al, (1988), conducted a study of the ground flora
using quadrats in a range of teak <Tectona grandis L. f., (Verbenaceae) plantation in
edapho-climatic regions of Madya Pradesh (Nainpur: 1-2, 4-6 and 16-17 year old
plantations; and Bijawar: 2-3 and 20-23 year old plantations), and in adjoining natural
forests. The importance value indices found in both the pla.ntaﬁon sites and their
adjacent natural forests were higher in the plantations than in the forest. The total
number of ground flora species, total plant density and above-ground biomass were
also higher in plantations than in the adjoining natural forests. The community
coefficient of similarity between each plantation and its adjoining forests increased
- with the age of the plantation. Furthermore, Chaubey ef al., (1988) carried out a
comparative studies on floristic composition, species diversity and quantitative
ecological parameters (frequency, density, basal area and importance value index
(IVI) for each species in teak plantations of different ages and their adjoining natural
forests. No discernable differences were found in the floristic composition of tree
species under teak plantations and their adjoining forests. Total density (trees/ha) and
total basal area (m’/ha) were also higher in teak plantations than in adjoining natural
forests. Most of the common species which were present both in plantations and in
natural forests has a higher frequency, density, basal area and IVI in plantations than

in adjoining natural forests.

In line with Chaubey, ef al. (1988), Pande et al, (1988) carried out a
comparat_ive vegetative analysis of some plantation ecosystems at New Forest, Dehra
Dun, Uttar Pradesh. Plantations were of Pinus roxburghii Sarg. (Pinaceae), Tectona
grandis L. f. (Verbenaceae), Shorea robusta Gaertner f. (Dipterocarpaceae) and

Eucalyprus sp. (Myrtaceae). Tree density and species richness were highest in the
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older plantations. Total basal cover (cm’/ 160 m’) was pine>sa1$teak>eucalyptus.
Importance value index (IVI) was highest for eucalyptus and sal (both 300 followed
by teak and pine in their prespective plantations. On the basis of both density and
IVI the greatest diversity was found in the pine plantation, and the least in the
eucalyptus plantation. The distribution pattern of different tree species was
contagious for all plantations except pine, where it was random. The highest value of
dominance concentration were found for sal (Shorea robusta Gaertner f,
Dipterocarpaceae) and eucalyptus. This is attributed to their monoculture nature.
This was apparently because there was no effect of toxic chenﬁcal substances

resulting from teak trees.

Evenness index in the forest site was the highest (Table 5.4). The higher the
evenness index, the more evenly distributed are individuals among species. This
simply means that most of the individuals in the forest area are evenly distributed
among species or species tend to be equally abundant. However, the evermess index
in eucalyptus site was the lowest, indicating that most of the species were rare and
few were dominant. In the eucalyptus plantation, Pogostemon auriculatus (L.) Hassk.
(Labiatae), Rubus blepharoneurus Card. (Rosaceae), Pteridium aquilinum (L.) Kuhn
ssp. aquilinum var. wightianum (Ag.) Try. (Dennstaedtiaceae), Ettingera littoralis
(Kon.) Gise {(Zingiberaceae) and Microstegium vagans (Nees ex Steud.) A. Camus
(Gramineae) were abundant. It is suggested that those species are tolefant under
eucalyptus trees which exudate chemical substances in its surroundings. However, it
was very difficult to conclude that those species were able to grow in the eucalyptus

plantation since there is not enough information about this.

In terms of similarities and differences, Chord distance index between young pine
plantation and eucalyptus plantation site was the highest. This means that very few

species in both sites are shared. However, the lowest CRD index was between the
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forest site and eucalyptus sites. This means that many species of both sites are

shared.

" Cluster analysis and ordination showed more or less the same results. Figures
54,55 and 5.7 show that mature and young pine plantations were clustered. This
means that both sites had a similar characteristic in terms of percent cover coinciding
with the similarities of species recorded. However, in the same figures it shows that
forest and eucalyptus sites were clustered together. Theoretically, the forest should
not be grouped in the same cluster with the eucalyptus plantatioﬁ since they are
different in their capacity to conserve biological diversity as mentioned before (Table

5.4)

Ordination method using mean absolute distance showed that the lowest mean
absolute distance was 1.24, between mature and young pine plantations. This value
was the same as between forest and eucalyptus sites. This simply means that both
sites had similar characteristics in terms of percentage cover and species involved.
The highest mean absolute distance was 1.82, between eucalyptus and mature pine
plantations (Figure 5.5). This simply means that both sites had no influence or similar

characteristics in the effects on the percent cover species recorded.

Table 5.7 shows the relative growth rate (RGR), mortality and density of tree
seedlings in all five sites. The RGR in the regenerating gap wis the highest, followed
by the forest was and the lowest was in the mature pine plantation. Species which
grow in the gap were mostly pioneer species. They are able to grow fast under high
light intgnsity, resuiting in maximum rate of photosythesis. Whitmere (1992) and
Grime (1979) revealed that early successional species are shade-intolerant (i.e. light
demanding) and are photosythetically efficient by virtue of their multilayer foliage

canopy which is suitable for high illumination. Such canopies are also selected to be
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water conservative and, for this reason, early succesion species may persist on
shallow or arid soil. Bazzaz (1979) reviews evidence for the water efficiency and

high maximum photosythesis of early succession herbs and trees.

The highest mortality occurred in the mature pine plantation, while the lowest
occurred in the forest site. The characteristic of ground layer in the mature pine was
open the canopy sparse so that results in high light intensity passing ti'xrough to the
ground flora. Drought mortality is distictly different from heat injury and can take
plaée after the succulent stage. It will not occur if seedh"ng roots extend themselves
rapidly enough to maintain contact with portions of the soil where water is available.
This is one reason why shaded seedlings are more likely to die of drought than those
growing in the open since seedlings in shaded place have a less extensive/deep root
system that exposed one (Smith, 1986). In addition, new seedlings are most
vulnerable during the first few weeks of their existence, while their stems are still
green and succulent. Heat injury resulting from extremely high temperature on
surfaces exposed to direct solar radiation takes a heavy toll, particularly among
conifers. Cutworms and other insect larvae are particulariy active during the
beginning of cool season. This was one reason why some of herbs and seedlings died.
It was noted that caterpilars and adult insects damaged the leaves of herbs and stems
of seedlings, particularly in the young pine plantation, there were a few seedlings of
Schima wallichii (DC.) Korth (Theaceae) and Styrax benzoides Craib (Styracaceae)
eaten by caterpillars. In the forest site, Aerve sanguinolenta (L.) BL
(Amaranthaceae), Thunbergia similis Craib (Acanthaceae) and Impatiens violaeflora

Hk. f. (Balsaminaceae) were some herbs that were eaten by caterpillars and insects.

The growth of ground flora species, including tree seedlings in the pine plantation
may have been inhibited by the chemicals in pine leaves. The leaves of pine trees in

both young and old pine plantations suppress the development of ground flora. The
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thickness of fallen young pine and old pine leaves was 3-4 cm and 9-11 cm;
respectively. In addition, pine leaves take a long time to decompose, exude chemical
substances which are able to inhibit the growth of the understorey communities.
Besides that, frequent fires in eucalyptus and both pine plantations have resulted in
the reduction of the ground cover of ground flora which is even barren in some areas.
The same thing may have been happening in the eucalyptus plantation, where very
few ground flora and tree seedlings were recorded. Similarly Bernhard-Reversat
(1982) made a laboratory study of the decomposition of Eucalyptus camaldulensis
litter. He found that there was abundant litter fall, but that the proportion of the fine
material in the surface soil was small; the disappea:rancé and mineralisation of the
litter was relatively slow, but mineralisaﬁon of carbon continued in old litter; the litter
was retained in the soil if there was sufficient clay in it, and there was a reduction of

organic matter in the silty-clay fraction of the soil.

Table 5.8 shows that organic matter content in the evergreen forest was the
highest and the lowest was in the young pine plantation. The nutrient content,
especially percent nitrogen in the evergreen forest was the highest and significantly
higher compared to the other sites, eventhough phosphorus and potassium (ppm
exchangeable) in the plantations were higher. In plantation site, there was a
secondary product from either pine or eucalyptus tree which has a negative impact
that even may kill other organisms, whereas in the forest site it was not. It is also the
fact that in plaﬁthtion seed predator and dispersal are absence, resulting in lacking of
seed in the soil so that even though in plantation it contains higher phosphorus and
potassium (ppm exchangeble), those nutrients will remain in the soil since very few
plants may absorb them. This could be explained that the forest site to have the
highest species diversity is due to the high nutrient content, especially percent
nitrogen in the soil and the absence of toxic substances in its surroundings. However,

it is very difficuit to conclude since the higher species diversity in some cases,
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especially in tropical rain forest, can be found on nutrient-poor soil. Whitmore
(1992) revealed that the most species-rich community is that at an intermediate stage
in recovery from disturbance since it contains both pioneer and climax species

eventhough it is under the scarcity of nuirients.

One of the paradoxes of tropical rain forest is that however luxuriant rain forest
vegetation may appear its presence is not an indication of great fertility of the soil.
Rain forest exists on a very small nutrient budget and it survives only by maintaining
an almost closed nutrient cycle. The conversion of natural forests to plantations
completely disrupted nutrient cycles, especially uptake by plants and from
decompésition. In a recent study at Yurimaguas in the Peruvian Amazon it has been
found that the biomass of decomposers dropped from 54 to 3 g m™ in the conversion
from natural forest to arable agriculture and plantations (Whitten ef al., 1987). In
addition, Smith (1986) revealed that if organic materials were allowed to decay
naturally, most of the nutrients are ultimately returned to the soil and living
organisms. In the meantime, they remain unavailable to the vegetation. Substantial
amounts of nitrogen remain bound away in the body proteins of the microorganisms
responsible for the final decay. If this kind of dead organic decay takes place, some
of the energy stored in them goes to nourish the large and small organisms that churn
it and are chiefly responsible for maintaining its good physical properties. The
concomitant incorporation of organic matter in the mineral soil is important in
maintaining the capacity of the soil to hold water, oxygen and nutrients.
Unfortunately, T did not find any references about a direct relationship between
organic matter content and species diversity. However, Chiras (1991) explained that
by increasing human desires, natural forests converted to other land uses, cultivation
and plantations for example, brought the reduction up to 50% or even more of the soil
capacity to support biological diversity. This is because zﬁost of the plantations are

open ground so if the rain does come, water falls down on through the soil surface
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and soil nutrients are washed away and the land gradually become useless. Therefore,
the capacity of the soil to conserve wvarious species in the area goes down
dramatically, the only plants that can grow are ones which are tolerant to poor soil

content.

In the pine plantation site there was evidence of frequent fires. Fire can directly
or indirectly influence the growth of the ground flora and seedling communities. If
fire occurs the ground flora, inciuding tree seedlings and soil organisms are often
killed. Smith (1986) explained that if dead organic matter is burnt, its stored energy
goes mostly to heat the air and stored chemical nutrients are released. Some nitrogen
compounds are volatilized and lost into the atmosphere. Most of the nutrient
elements that are of essentially mineral origin are returned to the soil in a more
readily available form than before. It is possible for some chemical nutrients,
especially nitrates, nitrogen and i)otassium, to be made mobile enough by burning to

accelerate loss by leaching and surface runoff.

Figure 5.6 shows that in the young pine plantation, forest and the regenerating
gap regeneration was progressing where the number of young tree seedlings were
higher than adult tree seedlings. However, in the fourth class-age, there were few tree
seedlings present. It was, thereforé, assumed that fire had occurred in the area,
including the forest site. In contrast, in the mature pine and eucalypt plantations, it
indicated that degeneration was occuring since the number of young tree seedlings
was lower than adult free seedlings. Smith (1986) explained that the profile of a
stand is a good criterion of age distribution because trees of the same age grow in
height at roughly the same rate, provided site condition are uniform, those that do ¥10t
keep pace are suppressed and disappear. An uneven-aged stand is usually distinctly
irregular in height; the greater the number of age classes, the more uneven the canopy.

A stand is a contiguous group of trees sufficiently uniform in species composition,
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arrangements of age classes, and condition to be a distinguishable unit. The internal _
structure of stands varies mainly with respect to the degree that different species and
age classes are intermingled. The simplest kind of structure in exemplified by that of
the pure, even-aged plantation consisting of trees of single species. The range of
complexity can extend to a wide variety of combinations of age classes and species in

various vertical and horizontal arrangements.

The fluctuation of the number of tree seedlings for each age-class structure is
affected by many factors. True regeneration cuttings and natural leﬂlal disturbances
of similar magnitude determine the times when new trees appear or start active
development on any given unit of ground area. Each new aggregation of tree
seedlings so produced is an age class of trees all of essentially the same age.
Differences in timing of regenerative events create various spatial patterns of age
classes. The area occupied by a given age class can be of any size, provided that it is
large enough that some new trees can continue to grow in height without being

arrested by the expansion of the crowns of older adjacent trees.

Variation of soil moisture mainly depends on rainfall. The higher, the rainfall is,
the higher, the soil moisture content is. All monthly soil moisture records showed
that the forest site had the highest soil moisture content, significantly higher than
those of the other sites (Figure 5.8). Suwannaratana (1994) asserted that soil
moisture content is one of the most important factors affecting the structure and

species composition of forests.

In this study, most soil properties were significantly different among sites, except
silt content. The soil texture is mainly a sandy loam, except in the young pine
plantation which was a sandy clay loam. Field capacity in the evergreen forest was

the highest and significantly higher compared to the other sites. However, the

67




potassium content of soil in the regenerating gap was the highest whiie the lowest was
in the mature pine plantation (Table 5.8). Jammet (1975) made a comparison
between pine and eucalypt plantation (Eucalyptus camaldulensis Dehnh., E. saligna
Sm. and E. platyphylla sp. (Mystaceae) and a unnamed species of i)ine) on sandy
soils at Pointe Noire on the coastal plain of the People's Republic of Congo. The soils
were weakly acid with a low clay fraction and poor in organic matter. There was
better bumification under the eucalyptus plantation a reduction of calcium and weak
acidification under both, but especially under the pines where there was also a

tendency of podzblisation.

Extensive plantations of fast growing tree species, including eucalyptus and pines
will reduce the water yield in a region. By growing quickly, they consume much
ground water and they may affect soil fertility under certain circumtances (FAO,
1988). Pine and eucalypt plantations have a high water usage per unit time, and this is
consistent with their high rate of growth. One interesting observation made during
the study was the changes in abundance for a pereﬁnial fern, Pteridium aquilinum
(L.) Kuhn ssp. aquilinum var. wightianum (Ag) Try. (Dennstacdtiaceae) in the
regenerating gap and in the young pine plantation. This species is abundant in the
beginning of the cool season and died off at the middle of cool season, after that they
grew up again near the end of cool season. It was assumed that the fluctuation of
percent cover was due to the availability of water in the soil.

Another interesting observation was of Clitoria mariana L. (Leguminosae,
Papilionoideac) growing in the mature pine plantation. This was abundant from
August to October 1994, but in December 1994, it died off completely. After fruiting,
it completed it’s cycle since it is a deciduous herb. At the same site, Piloselloides
hirsuta (Forssk.) C. Jeff. (Compositae) was herb which found on June 1994. This
herb has a tap-root which was able to regrow, especially after fire occurred. In the

regenerating gap, Shuteria involucrata (Wall) Wight & Am. (Leguminosae,
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Papilionotdeae) and Eupatorium adenophorum Spreng. (Compositaé) were abundant

during the study.

Melastoma normale D. Don var. normale (Melastomataceae), an evergreen
treelt, was found at all five sites and it was abundant in the regenerating gap. This
species can be used for indicator of forest after disturbance. The fact that this species
is commonly found in the area after the forest was cleared. This is partly because the
soil has lost nutrients and becomes more acid and compacted. (Whitmore, 1992). It
was found in the Philippines that Trema orientalis (L.) Bl (Ulrhaceae) restores
phosphorus and Melasioma cf- polyanthum (Melastomata.ceae), restores potassium to
the above ground biomass. This is presumably one reason that in the regenerating

gap, it contains higher potassium in the soil.

Pine seedlings were few in the middle of the cool season but most of them
died off at the end of this season because of environmental factors, e.g. pathogen and
insect damage. In the young pine plantation, many young seedlings of Styrax
benzoides Craib (Styracaceae) and Schima wallichii (DC.) Korth. (Theaceae) were
common 1n the beginning of the cool season, and up to the end of this study a few
seedlings can still be found. In the regeners;tting gap and forest, there were a few
seedlings growing such as Engelhardia serrata Bl. and E. spicata Lechen. ex Bl. var.
colekrookeana (Ldl. ex Wall) O K. (Juglandaceae), Castanopsis tribuloides (Sm.) A.
DC. (Fagaceae), Helicia nilagirica Bedd. (Proteaceae), 4lbizia odoratissima (L. f.)
Bth. (Leguminosae, Mimosoideae), Vaccinium sprengelii (D. Don.) Sleum.
(Ericaceae), and Wendlandia tinctoria (Roxb.) DC. ssp. floribunda (Craib) Cowan
(Rubiaceae). Most of them were found under the shade of Eupatorium adenophorum
Spreng. (Compositae), especially in the regenerating gap. Figure 5.9 shows the
seedling of Engelhardia serrata Bl. (Juglandaceae) growing healthy under the shade

of Eupatorium adenophorum Spreng. (Compositae) which was found in the

69




regenerating gap. The density of seedlings was quite low, even though in general the
relative growth rate (RGR) was higher compared to other sites. I would recommend

that these species be used for reforestation project.

Figure 5.9. Seedling of Engelhadia serrata Bl. (Juglandaceae) growing under
the shade of Eupatorium adenophorum Spreng. (Compositae) in

the regenerating gap site.
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CHAPTER 7.
CONCLUSION AND RECOMMENDATION

Species richness, species diversity and evenness at the forest site were the
highest, whilst the lowest was in the eucalyptus plantation. The highest occurred
between the mature and young pine plantations, whilst the lowest was between the
regenerating gap and eucalyptus plantation. In terms of CRD value, in the forest and
eucalyptus site it was the lowest. This means that the eucalyptus plantation had a

very low capacity to support a ground flora and tree seedlings.

The gap showed signs of healthy regeneration, since it supported a few tree
seedlings of both pioneer and climax trees with the highest relative growth rate, even
though the density of tree seedlings was low. In this case, human intervention is
needed to accelerate reforestation of the gap. In line with the above result, the age-

class structure gave the same indication, that regeneration was progressing in the gap.

Soil properties for all five sites were very similar. Soil texture was mainly clay
loam, except in young pine plantation where it was sandy clay loam. Nutrient content
(nitrogen, phosphorus and potassium) differed significantly amongst sites (P < 0.05).
Soil moisture content in the forest was significantly higher compared to other sites,
while among the other four sites there were no significant differences. Organic

matter was highly correlated with soil moisture content at field capacity (P < 0.05).
Changes in land use from naturat forest to plantations, affects a site’s capacity to

support a diverse ground flora. The reduction in species number, species diversity

and evenness of the ground flora and tree seedling community was the evidence that
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plantations are not adequate substitutes for natural forest in terms of conserving

biological diversity.

In the case of Doi Suthep-Pui National Park it would be better not to have more
plantation of either eucalyptus or pine. Eucalyptus trees had a more severe negative
impact than pine trees on the ground flora and tree seedling community, especially
the mature pine plantation. The existing eucalyptus trees within the National Park

could be systematically replaced by plantations of various indigenous tree species.

Some tree seedlings found in the forest and the regenerating gap are
recommended for planting in reforestation programmes even though they grow
slowly. Such species are: Castanopsis tribuloides (Sm.) A. DC. (Fagaceae), Styrax
benzoides Craib (Styracaceae), Engelhardia serrata Bl. and E. spicata Lechen. ex Bl.
var. colebrookeana (Ldl. ex Wall) O.K. (Juglandaceae), Albizia odoratissima (L. £)
Bth. (Leguminosae, Mimosoideae), Schima wallichii (DC.) Korth. (Theaceae),
Vaccinium sprengelii (D. Don) Sleum. (Ericaceae) and Helicia nilagirica Bedd.
(Proteaceae). Unfortunately, in the hot/dry season due to high light intensity, many
seedlings dry up, especially the leaves of seedlings, but a few healthy seedlings under
herbaceous plants or shrubs in the gap can still be found. Therefore, it is necessary to
do more research concerning indigenous tree species, focusing on the effect of
shading on the growth of tree seedlings in the nursery and/or in the field. So I suggest
to use those species to replace both eucalyptus and pine plantations if we would like
to achieve the main objective of National Parks which is to conserve the highest

biological diversity.

Most results showed that the forest site was the best for most parameters

concerned, while the least was in plantation, especially in eucalyptus plantation site.
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If we have the choice, we should choose not to have such plantétions in national
parks. However, if we must have plantations in national parks young pine trees are
better than eucalyptus to preserve biological diversity. To allow best regeneration of
forest trees, a pine plantation could be used for the early stages of regeneration, but
after that the pines should be selectively cut down to allow the tree seedlings and

saplings to grow naturally.
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APPENDIX




APPENDIX 1. Species/area curves and Cluster Analysis

a). Species/area Curves

In this study the species/area curves was constructed from the percentage cover
which can not be used to calculate the normal species/area curves. This is due to the
difficulties to calculate the number of individual for ¢ach species. Species/area was
used fo determine the minimal area plotted or a suitable quadrat size (Goldsmith and
Harrison, 1976). The formula used in this study was modified to use the frequency of

occurrence of each species in quadrat.

When : Q = Number of total quadrat
n= Number of quadrat contain species S
S = Summary of the probability of all speciés absence
PAgS = Probability of species A in X quadrat
PBgS = Probability of species B in X quadrat.

The probability to have species A in X quadrat can be calculated by :

PAqt =1- 9.:_2:.?_
Q-0
-n-0 Q-n-1
PAQR=1-{ S Sy 20
Q-0 Q-1
PAGIm = 1 - { s g Sty x )

Q0 Qi Q)

Sum (probability of absence) = PAgx + PBq + ... + PZ
The expected number of species in n quadrat (N)

N = 8§ - Sum (probability of absence)
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APPENDIX 1. (Continued)
b). Cluster Analysis

In this study the index of cluster used was cosine of vectors of variables. The
subunits will be projected onto a circle of unit radius through the use of direction

cosine. The index can be calculated with the formula below:

5
2 XY
n=1
COSINE = avmsmmem—————-
S zS 2
> X 2Y;
=1 n=l

After the first calculation the most similar subunits will be grouped together and
form the artificial subunit. The similar between all units will then be calculated again
and the most similar will be put together. This cycle will be done until all subunits be
grouped together.
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APPENDIX 2. List of ground flora and tree seedlings in all five sites

The result of Extensive Qualitative Survey.

Botanical name Family Habit* |Site **
Actinidia rubricaulis Dunn Actinidiaceae eweC fg
Aeginetia indica Roxb. Orobanchaceae h f
Aerva sanguinolenta (L.) Bl Amaranthaceae h fgepy
Afgekia filipes (Dunn) Gees. Leguminosae, Papilionoideae |dwc fg
Ageratum conyzoides L. Compositae h fgep
Albizia odoratissima (L. ) Bth. Leguminosae, Mimosoideae | dt f py
Alpinia blepharocalyx K. Sch. Zingiberaceae h fge y
Antidesma acidum Retz. Euphorbiaceae etht f py
Amorphophallus yunnanensis Engl. |Araceae h fge y
Apodytes dimidiata E. Mey. ex Am. |Icacinaceae det g
Aporusa villosa (Lindl.) Baill. Euphorbiaceae detlt f py
Archidendron clypearia (Jack) :

ssp. clypearia var. clypearia Leguminosae, Mimosoideae et f py
Archidendron glomeriflorum (Kurz) |Leguminosae Mimosoideae | et f vy
Argyreia capitiformis (Poir.) Oost.  |Convolvulaceae ev fge y
Argyreia henryi (Craib) Craib Convolvulaceae ev y
Argyreia obtecta (Choisy) Cl. Convolvulaceae ev y
Arisaema album N.E. Br. Araceae h fg
Arisaema cuspidatum (Roxb.) Engl. |Araceae h f epy
Aschynanthus hosseusii Pell. Gesneriaceae €s f
Aspidistra longifolia Hk. f. Liliaceae h fe
Bauhinia ornata Kurz var.

S.S. Lar. Leguminosae, Caesalpinoideae |dwc fg
Beilschmeidia sp. Lauraceae et fg

| Betuia alnoides B.-H. Betulaceae et fge

Bidens pilosa L. var. minor (Bl.) Compositae h ey
Blumea balsamifera (L.) DC. Compositae h fgepy
Boehmeria diffusa Wedd. Urticaceae etlt f
Borreria alata (Aubl.) DC. Rubiaceae h fg p
Borreria laevis (Lmk.) Griseb. Rubiaceae h fg py
Borreria repens DC. Rubiaceae h f
Bridelia pubescens Kurz Euphorbiaceae |h y
Caesalpinia cucullata Roxb. Leguminosae, Caesalpinoideae | ewc f
Cajanus goensis Dalz. Leguminosae, Papilionoideae |ey fgepy
Calamus kerrianus Becc. Palmae EWC f




Canarium subulatum Guill. Burseraceae det f
Castanopsis diversifolia King ex Fagaceae et fgepy
Castanopsis tribuloides (Sm.) A. Fagaceae et f
Celosia argantea L. Amaranthaceae h g
Cheilanthes tenuifolia (Burm. f.) Parkeriaceae h p
Cissus discolor Bl. var. discolor Vitaceae ev f py
Cissus repens Lmk. Vitaceac ev €
Clematis acuminata DC. var.

sikkimensis Hk. f. & Th. Ranunculaceae ev f
Clerodendrum glandulosum Colebr. |Verbenaceae etlt ge y
Clerodendrum infortunatum Craib | Verbenaceae etlt e
Clerodendrum serratum (L.) Spr.

wallichii Cl. Verbenaceae etlt f
Clitoria mariana L. Leguminosae, Papilionoideae |ev fgepy
Codonopsis javanica (Bl.) Hk. f. Campanulaceae ev f epy
Coloasia fallax Schott Araceae h y
Commelina diffusa Burm. f. Commelinaceae h fgepy
Commelina paludosa Bl. Commelinaceae h fg vy
Conyza japonica (Thunb.) Less. ex |Compositae h fge vy
Conyza sumatrensis (Retz.) Walk.  |Compositae h f e
Costus speciosus (Koeh.) JE. Sm. |Zingiberaceac h f ep
Crassocephalum crepidoides (Bth.) S. |Compositae h epy
Crepis chloroclada Coll. & Hemsl. |Compositae h f y
Crotalaria alata D. Don Leguminosae, Papilionoideae |ey f py
Crotalaria albida Hey. ex Roth Leguminosae, Papilionoideae |h Py
Crotalaria kurzii Baker ex Kurz Leguminosae, Papilionoideae |h y
Cruddasia insignis Prain Leguminosae, Papilionoideae |h fg py
Curculigo capitulata (Lour.) OK.  |Hypoxidaceae h fgepy
Curcuma aff. comosa Roxb. Zingiberaceae h f v’
Curcuma ecomata Craib Zingiberaceae h fgep
Curcuma zedaria (Berg.) Rosc. Zingiberaceae h f p
Cyclea polypetala Dunn Menispermaceae ev fge y
Cynodon dactylon (L.) Pes. Gramineae h fgep
Cyperus brevifolius (Rottb.) Hassk. |

var. brevifolius Cyperaceae h f py
Cyperus killingiana Endl, Cyperaceae h fgepy
Cyperus nutans Vahl var. nutans Cyperaceae h Py
Cyrtococcum accrescens {Triw.) Gramineae h y
Cyrtococcum oxyphylum (Steud.)  [Gramineae h fg py
Dalbergia fusca Pierre Leguminosae, Papilionoideae |dt f v
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Dalbergia stipulacea Roxb. -

Leguminosae, Papilionoideae

dwe PY
Debregeasia longifolia (Burm. f)  |Urticaceae etlt fg
Dendrobium compactum Rol. ex W.  {Orchidaccae h f
Desmodium repandum (Vahl) Merr. |Leguminosae, Papilionoideae |h fgepy
Dianella ensifolia (L) DC. Liliaceae h fge
Dichrocephala integrifolia (L. ) |Compositae h Py
Digitaria setigera Roth ex Roem. &

Schult. var. setigera Gramineae h g p
Dillenia aurea Sm. var. aurea Dilleniaceae det epy
Dioscorea alata 1., Dioscoreaceae ev Yy
Dioscorea bulbifera L. Dioscoreaceae ev Py
Dioscorea decipiens Hk. f. Dioscoreaceae ev fgepy
Dioscorea glabra Roxb. var. glabra |Dioscoreaceae ev Py
Dioscorea membranacea Pierre ex Prain & |[Dioscoreaceae ev e
Dioscorea pentaphylla L. (? var, :

Prain & Burk.) Dioscoreaceae ev fg py
Diospyros glandulosa Lace Ebenaceae et f
Dischidia major (Vahl) Merr. Asclepiadaceae h f
Disporum calcaratum Wall. ex D. Don.

rubiflorum Gagnep Liliaceae h f epy
Drymaria diandra Bl. Caryophylaceae h epy
Elephantopus scaber L. var. scaber |Compositae h y
Elscholtzia blanda Keng Labiatae h g
Embelia stricta Craib Myrsinaceae dwc fg vy
Engelhardia serrata Bl. Juglandaceae dt fg vy
Engelhardia spicata Lechen. ex Bl.

var. colebrookeana (Ldl. ex Wall.) | Juglandaceae dt fo

Eragrostis nigra Nees ex Steud. Gramineae h f y
Ettingera littoralis (Kon.) Gise. Zingiberaceae h

Eucalyptus camaldulensis Dehnh.  |Myrtaceae et

Fugenia albiflora Duth. ex Kurz Mpyrtaceae et f y
Eugenia fruticosa (DC.) Roxb. Myrtaceae et f
Fugenia subviridis Craib Myrtaceae et fge y
Eugenia tetragona Wight Myrtaceae et fge y
Euodia triphylla DC. Rutaceae etlt f
Eupatorium adenophorum Spreng. | Compositae h fgepy
Lupatorium odoratum L. Compositae h ge y
Fagerlindia sp. Rubiaceae es f py
Ficus hispida L. f. var. hispida Moraccae detlt eEpYy
Placourtia indica (Burm. f) Merr.  {Flacourtiaceae dt e y
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fgepy

Flemingia sootepensis Craib Leguminosae, Papilionoideae {detit

Galinsoga parviflora Cav. Compositae h fg
Globba clarkei Baker Zingiberaceac h fge
Glochidion eriocarpum Champ. Euphorbiaceae et f py
Gretum montanum Mgf. Gnetaceae EWC f
Gomphostemma lucidum Wall. ex  |Labiatae h fgepy
Gynura longifolia Kerr Compositae h fge
Hedyotis auricularia L. Rubiaceae h PY
Hedyotis tenelliflora Bl. var. Rubiaceae h fg py
Hedyotis vestita R. Br. ex G. Don  {Rubiaceae h f
Helicia nilagirica Bedd. Proteaceae et f py
Heliciopsis terminalis (Kurz) Sleum. | Proteaceae et fg vy
Hydrocotyle siamica Craib Umbelliferae h f e
Hypopithys lanuginosa Rafin. Ericaceae h p
Hypoxis aurea Lour. Hypoxidaceae h fg vy
Impatiens violaeflora Hk. f. Balsaminaceae h f e
Imperata cylindrica (1..) P. Beauv.

var. major (Nees) C.E. Hubb, & Gramineae h fgepy
Indigofera dousa B.-H. ex D, Don  {Leguminosae, Papilioncideae |es f

Inuia cappa (Ham. ex D. Don) DC. forma Compositae h f py
Jasminum nervosum Lour. Oleaceae ev g
Kuniwatsukia cuspidata (Bedd.) Athyriaceae h fgepy
Lantana camora 1. Verbenaceae €s f

Leea indica (Burm. £) Merr. Leeaceae dtit fgepy
Lepidagathis incurva Ham. ex D. Acanthaceae h f ey
Lespedeza parviflora Kurz Leguminosae, Papilionoideae |etlt f py
Liparis siamensis Rol. ex Dow Orchidaceae h f
Litsea cubeba (Lour.) Pers. Lauraceae etlt fge
Litsea sp. Lauraceae etlt f
Lygodium flexuosum (L.) Sw Schizocaceae ev. Py
Macaranga denticulata (BL.) M.-A  |Euphorbiaceae etlt fey
Maesa montana A. DC. Myrsinaceae etht f
Maiaxis orbicularis (W.W. Sm. & J. F.

Tang & Wang - Orchidaceae h f p
Markhamia stipulata (Wall.) ex
stipulata Bignoniaceae det y

Melastoma normale D. Don var. Melastomataceae etlt fg py
Melodorum oblongium Craib Annonaceae sh g
Micromelum minutum (Forst. £) Wight |Rutaceae etlt fg
Microstegium vagans (Nees ex Steud.) A.  |Gramineae h fgepy
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Millettia pachycarpa Bth. Leguminosae, Papilionoideae |dwe fg
Millettia pubinervis Kurz Leguminosae, Papilionoideae |dwc f
Mimosa pudica L. var. hispida Bren. |Leguminosae, Mimosoideae |y f py
Mucuna macrocarpa Wall. Leguminosae, Papilioncideae |ewc fge vy
Murdannia loureiri (Hance) Rao & Commelinaceae h Py
Musa acuminata Colla Musaceae h ge
Mussaenda parva Wall. ex G. Don |Rubiaceae EWC f
Mussaenda sanderiana Ridl. Rubiaceae €8 fgepy
Olea salicifolia Wall. ex G. Don Oleaceae det fgepy
Ophiopogon intermedius D. Don Liliaceae h fg
Osbeckia steflata Ham. ex Ker-

var. marginulata (C1) C. Han | Melastomataceae etlt py
Oxalis corniculata 1. Oxalidaceae h ge y
Palaguium garrettii Flet. Sapotaceae et f y
Pachyrhizus erosus (L..) Urb. Leguminosae, Papilionoideae |h f
Parthenocissus semicordata (Wall)) |Vitaceae h f e
Paspalum conjugatum Berg. Gramineae h fgepy
Fassiflora siamica Craib Passifloraceae ev e y
Pavetta fruticosa Craib Rubiaceae ds f py
Peliosanthes teta Andr. ssp. humilis (Andr) |Liliaceae h f _
Pennisetum purpureum Schumach. |Gramineae h g Py
Peristylus constrictus (Lindl.) Lindl. |Orchidaceae h f
Phoebe aff. cathia (D. Don) Lauraceae et py
Phoebe lanceolata (Nees) Nees Lauraceae et fg py
Phoebe sp. (A) Lauraceae et fg
Phoebe sp. (B) Lauraceae et P
Phragmites vallatoria (Pluk. ex L.) |Gramineae h fge vy
Phyllanthus emblica L. Euphorbiaceae det PY
Phyllanthus sootepensis Craib Euphobiaceae det PY
Pilea trinervia Wight Urticaceae h f
Piloselloides hirsuta (Forssk.) C. Compositae h Py
Pinus kesiya Roy. ex Gord. Pinaceae et f py
Planchonella punctata Flet. Sapotaceae et f
Plantago major L. Plantaginaceae h f y
Plectranthus coetsa B.-H. ex G. Labiatae h g
Plectranthus ternifolius D. Don Labiatae h o
Pogostemon auriculatus (L.) Hassk. {Labiatae h fge
Pollia haskariii R. Rao Commelinaceae h fg vy
Polygonum barbatum L. Polygonaceae h f
Polygonum chinense L. Polygonaceae h fgepy
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Portulaca oleracea L.

Portulaceae h €
Pouzolzia hirta Hassk. Urticaceae h fg v
Pouzolzia pentandra (Roxb.) Benn. |Urticaceae h e
Pouzolzia zeylanica (L.) Benn. Urticaceae h fg py
Pratia begoniifolia (Wall. ex Roxb.) | Campanulaceae h y
Prunus cerasoides D.Don Rosaceae det g
Pteridium aquilinum (L.) Kuhn ssp. o
aquilinum var. wightionum (Ag.) |Dennstaedtiaceae h fgepy
Pteris biaurita L. Pteridaceae h f
Pteris vittata L. Pteridaceae h y
Pterospermum acerifolium Willd.  |Sterculiaceae. det f
Pueraria imbricata Maes. 1eguminosae, Papilionoideae |ev fge
Pueraria stricta Kurz Leguminosae, Papilionoideae |ds f y
Rauvolfia ophiorrhizoides (Kurz)  |Apocynaceae ' etlt f
Rhus chinensis Mill. Anacardiaceae dtlt f py
Rourea minor (Gaertn.} Leenh. ssp. |Connaraceae ewe g
Rubus blepharoneurus Card. Rosaceae ev fgepy
Saccharum arundinaceum Retz. |Gramineae h ge
Sacciolepis indica (L.) Chase Gramineae h ep
Sapindus rarak DC. Sapindaceae det g
Saurauia nepalensis DC. Sauraliaceae h y
Schima wallichii (DC.) Korth Theaceae et f py
Scleria reticulata (Holtt.) Kern Cyperaceae h f e
Scleria terrestris (L.) Fass. Cyperaceae h fgepy
Semecarpus cochichinenses Engl. | Anacardiaceae h y
Setaria palmifolia (Koen.) Stapf var. Gramineae h f ge
Setaria parviflora (Poir.) Kerg, Gramineae h gep
Shuteria involucrata (Wall.) Wight |Leguminosae, Papilionoideae |ev fgep
Sida rhombifolia L. ssp. rhombifolia |Malvaceae h fg
Smilax corbularia Kunth ssp. Smilacaceae ev f p
Smilax lanceifolia Roxb. Smilacaceae ev f e
Smilax ovalifolia Roxb. Smilacaceae ev fgepy
Smilax verticalis Gagnep. Smilacaceae ev f y
Smilax zeylanica L. ssp. hemsleyana
(Craib) T. Koy. Smilacaceae ev g
Solanum barbisetum Nees Solanaceae h g v
Solanum macrodon Wall. ex Nees | Solanaceae sh e
Sonerila kerrii Craib Melastomataceae h p
Sonerila nisbetiana Craib Melastomataceae h Py
Spatholobus floribundus Craib Leguminosae, Papilionoideae |ewe f
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Stemona sp. Stemonaceae v fg
Sterculia ornata Wall. ex Kurz Sterculiaceae det f
Stereospermum colais (B.-H. ex Dillw.) Bignoniaceae det y
Streptocendron juventas (Burm. f.) | Asclepiadaceae ev y
Styrax benzoides Craib Styracaceae et fgepy
Synedrella nodiflora (L.) Gaertn. Compositae h f
Tetrastigma sp. Vitaceae ewc fge vy
Themeda triandra Forssk. Gramineae h fg py
Thunbergia geoffrayi R. Ben. Acanthaceae ev p
Thunbergia similis Craib Acanthaceae etlt fgepy
Thysanolaena latifolia (Roxb.) ex Hom.)  |Gramineae h ge y
Trema orientalis (L.) Bl Ulmaceae etlt g
Trevesia palmata (Roxb.) Vis. Araliaceae et fg
{riumfetta pilosa Roth. Tiliaceae h f y
Triumfetta rhomboidea Jacq. (T.) Tiliaceae h f
Turpinia pomifera (Roxb.) Wall. ex |Staphyleaceae et f
Urena lobata L. ssp. lobata var. Malvaceae h fgepy
Vaccinium apricum Flet, Ericaceae etit f y
Vaccinium sprengelii (D. Don) Ericaceae et f py
Vernonia sutepensis Kerr Compositae h fge vy
Vernonia vollameriifolia DC. var. Compositae etit fg py
Vigna dalzelliana (Q.K.) var. Compositae ev y
Vigna radiata (L.) Will. Leguminosae, Papilionoideae |ey fg y
Viola pilosa Bl. Violaceae h f
Wendlandia paniculata (Roxb.) DC. |-

scabra (Kurz) Cowan Rubiaceae etht y
Wendlandia tinctoria (Roxb.) DC.

ssp. floribunda (Craiby Cowan |Rubiaceae etlt fg vy

Xeuxine affinis (Lindl.) Bth. ex Hk. |{Orchidaceae h f
Zanthoxyum acanthopodium DC.  |Rutaceae etlt fge
Zingiber kerrii Craib Zingiberaceae h f p
Zingiber smilesianum Craib Zingiberaceae h fgepy
UNKNOWN HERB h fg
UNKNOWN SEEDLING (A) g
UNKNOWN SEEDLING (B) fg
UNKNOWN SEEDLING (C) f
Note : (*) Note (**%)
et = evergreen tree; ev= f = found in the evergreen forest site

etlt = evergreen treelet; dev =

g = found in the regenerating gap site
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det = deciduous tree; vine |e = found in the eucalyptus plantation site

detlt = deciduous treelet; h =herb |p = found in the mature pine plantation site

es = evergreen shrub; y = found in the young pine plantation site

des = deciduous shrub;

ewe = evergreen woody climber;

dewce = deciduous woody climber;
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APPENDIX 3.

List of ground flora and tree seedlings in afl five sites
The result of Intensive Quantitative Survey.

Botanical name Family Habit(*) Site(**)
Actinidia rubricaulis Dunn Actinidiaceae EWC f y
Aerva sanguinolenta (L.) Bl. Amaranthaceae h fge vy
Afgekia filipes (Dunn} Gees. Leguminosae, Papilionoideae dwe fg
Ageratum conyzoides L. Compositace h f
Albizia odoratissima (L. £) Bth. |Leguminosae, Mimosoideae dt f py
Alpinia blepharocalyx K. Sch.  |Zingiberaceae h fge
Antidesma acidum Retz, Euphorbiaceae etlt f py
Amorphophallus yunnanensis Araceae h fge y
Aporusa villosa (Lindl.) Baill.  |Euphorbiaceae detlt y
Archidendron clypearia (Jack)

ssp. clypearia var. clypearia |Leguminosae, Mimosoideae et f py
Archidendron glomeriflorum (Kurz) | Leguminosae, Mimosoideae et f y
Argyreia capitiformis (Poir.) Convolvulaceae ev fge y
Argyreia henryi (Craib) Craib  {Convolvulaceae ev y
Argyreia obtecta (Choisy.) Cl.  |Convolvulaceae ev y
Arisaema cuspidatum (Roxb.)  |Araceae h fgepy
Aspidistra longifolia Hk. f. Liliaceae h f
Bauhinia ornata Kurz var.

K. &S.S. Lar. Leguminosae, Caesalpincideae dwc fg
Betula alnoides B.-H. Betulaceae et fg
Bidens pilosa L. var. minor (BL.) Compositae h e Yy
Blumea bailsamifera (L.) DC. Compositae h fge y
Boehmeria diffusa Wedd. Urticaceae etlt f
Borreria laevis (Lmk.) Griseb.  |Rubiaceae h fg py
Bridelia pubescens Kurz Euphorbiaceae h y
Caesalpinia cucullata Roxb. Leguminosae, Caesalpinoideae ewe f

| Cajanus goensis Dalz. Leguminosae, Papilionoideae ev fge vy
Canarium subulatum Guill. Burseraceae det y
Castanopsis diversifolia King ex |Fagaceae et fgepy
Castanopsis tribuloides (Sm.) A. |Fagaceae et f
Cheilanthes tenuifolia (Burm. f) |Parkeriaceae h p
Cissus discolor Bl. var. discolor |Vitaceae ev f y
Clematis acuminata DC. var. :

sikkimensis Hk. f. ex Th. Ranunculaceae ev f
Clerodendrum glandulosum Colebr. | Verbenaceae etlt ge y
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Clerodendrum infortunatum

| Verbenaceas

etlt e

Clerodendrum serratum (L.) Spr.

wallichii Cl. Verbenaceae etlt f
Clitoria mariana L. Leguminosae, Papilionoideae ev fgepy
Codornopsis javanica (Bl.) Hk. f. |Campanulaceae ev f epy
Commelina diffusa Burm. f. Commelinaceae h fgepy
Commelina paludosa Bl. Commelinaceae h fg y
Conyza japonica (Thunb.) Less. |Compositae h f y
Conyza sumatrensis (Retz.) Compositae h f e
Costus speciosus (Koeh.) J.E. Zingiberaceae h p
Crassocephalum crepidoides (Bth.) S. Compositae h _epy
Crotalaria alata D. Don Leguminosae, Papilionoideae ev Py
Crotalaria albida Hey. ex Roth | Leguminosae, Papilionoideae h y
Crotalaria kurzii Baker ex Kurz {Leguminosae, Papilionoideae h y
Cruddasia insignis Prain Leguminosae, Papilionoideae h fgepy
Curculigo capitulata (Lour.) O. |Hypoxidaceae h fgepy
Curcuma aff. comosa Roxb. Zingiberaceae h f y
Curcuma ecomata Craib Zingiberaceae h fgep
Curcuma zedoaria (Berg.) Rosc. |Zingiberaceae h f p-
Cyclea polypetala Dunn Menispermaceae ev fge y
Cynodon dactylon (L..) Pers. Gramineae h gep
Cyperus brevifolius (Rottb.)

var. brevifolius Cyperaceae h f py
Cyperus killingiana Endl. Cyperaceae h fgepy
Cyperus nutans Vahl var. nutans |Cyperaceae h py
Cyrtococcum oxyphylum (Steud.) |Gramineae h fgepy
Dalbergia fusca Pierre Leguminosae, Papilionoideae dt Py
Dalbergia stipulacea Roxb. Leguminosae, Papilioncideae dwc y
Debregeasia longifolia (Burm. £)  |Urticaceae etlt g
Desmodium repandum (Vahl)  |Leguminosae, Papilionoideae h fgepy
Dianella ensifolia (L.) DC. Liliaceac h fge vy
Dichrocephala integrifolia (L. £) |Compositae h p
Digitaria setigera Roth ex

Schult. var. setigera (Gramineae h g P
Dillenia aurea Sm. var. aurea  |Dilleniaceae det e
Dioscorea bulbifera 1. Dioscoreaceae ev Py
Dioscorea decipiens Hk. f. Dioscoreaceae ev fgepy
Dioscorea glabra Roxb. var. Dioscoreaceae ev Py
Dioscorea membranacea Pietre

ex Prain & Burk. Dioscoreaceae ev e
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Dioscorea pentaphylla 1. (7 var.

communis Prain & Burk.) Dioscoreaceae ev fg py
Dischidia major (Vahl) Merr, Asclepiadaceac h f ‘
Disporum calcaratum Wall. ex

var. rubiflorum Gagnep Liliaceae h f epy
Drymaria diandra Bl. Caryophylaceae h y
Embelia stricta Craib Myrsinaceae dwc fg vy
Engelhardia serrata Bl. Juglandaceae dt fg vy
Engelhardia spicata Lechen. ex

colebrookeana (Ldl. ex Wall.) {Juglandaceae dt f
Eragrostis nigra Nees ex Steud. |Gramineae h \ y
Ettingera littoralis (Kon.) Gise, |{Zingiberaceae h e
Eucalyptus camaldulensis Myrtaceae et €
Eugenia albiflora Duth. ex Kurz |Myrtaceae et f \j
Eugenia fruticosa (DC.) Roxb. |Myrtaceae et f
FEugenia tetragona Wight Myrtaceae et fgepy
Euodia triphylla DC. Rutaceae etit f
Eupatorium adenophorum Compositae h fge vy
Eupatorium odoratum L. Compositae h ge y
Fagerlindia sp. Rubiaceae €s py
Ficus hispida L. f. var. hispida |Moraceae detlt €y
Placourtia indica (Burm. f) Flacourtiaceae et e v
Flemingia sootepensis Craib Leguminosae, Papilioncideae detlt fgepy
Globba clarkei Baker Zingiberaceae h fge
Glochidion eriocarpum Champ. {Euphorbiaceae et f
Gomphostemma lucidum Wall. {Labiatae h fgepy
Gynura longifolia Kerr Compositae h f e
Hedyotis tenelliflora Bl. var. Rubiaceae h fg py
Hedyotis vestita R. Br. ex G. Rubiaceae h f
Helicia nilagirica Bedd. Proteaceae et f py
Heliciopsis terminalis (Kurz) Proteaceae et fg vy
Hydrocotyle siamica Craib Umbelliferae h f e
Hypopithys lanuginosa Rafin. Ericaceae h p
Hypoxis aurea Lour. Hypoxidaceae h fg ¥
Impatiens violaeflora Hk. f. Balsaminaceae h fe
Imperata cylindrica (L) P.

major (Nees) CE. Hubb. & |Gramineae h fgepy
Inula cappa (Ham. ex D. Don)

Jforma cappa Compositae h f epy
Kuniwatsukia cuspidata (Bedd.) Athyriaceae h fgepy
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Leea indica (Burm. f.) Merr. Lecaceae dtlt - fgepy
Lepidagathis incurva Ham. ex D. | Acanthaceae h f ey
Lespedeza parviflora Kurz Leguminosae, Papilioncideae etht p
Litsea cubeba (Lour.) Pers. Lauraceae etlt fge
Litsea sp. Lauraceae etit f
Lygodium flexuosum (L.) Sw Schizocaceae ev Py
Macaranga denticulata (Bl.) M.- | Euphorbiaceae etlt ey
Maesa montana A. DC, Myrsinaceae etlt f
Markhamia stipulata (Wall.) ex

Sch. var. stipulata Bignoniaceae det f y
Melastoma normale D. Don var. Melastomataceae etlt fg py
Micrometum minutum (Forst. f) Wight |Rutaceae etlt f e
Microstegium vagans (Nees ex

Camus Gramineae h fg vy
Millettia pachycarpa Bth. Leguminosae, Papilionoideae dwc fg
Millettia pubinervis Kurz Leguminosae, Papilionoideae dwe f
Mimosa pudica L. var. hispida  |Leguminosae, Mimosoideae h y
Mucuna macrocarpa Wall. Leguminosae, Papilionoideae ewC fge y
Murdannia loureiri (Hance) Rao & |Commelinaceae h py
Musa acuminata Colla Musaceae h e
Mussaenda sanderiana Ridl. Rubiaceae es f epy
Olea salicifolia Wall. ex G. Don |Oleaceae det fgepy
Ophiopogon intermedius D. Don |Liliaceae h fg
Oxalis corniculata L. Oxalidaceae h ge
Palaguium garrettii Flet. Sapotaceae et y
Parthenocissus semicordata Vitaceae h f e
Paspalum conjugatum Berg. (Gramineae h f e
Passiflora siamica Craib Passifloraceae ev ey
Pavetta fruticosa Craib Rubiaceae ds f py
Pennisetum purpureum Gramineae h PY
Phoebe aff. cathia (D. Don) Lauraceae et Py
Phoebe lanceolata (Nees) Nees |Lauraceae et f p
Phoebe sp. Lauraceae et f . p
Phragmites vallatoria (Pluk. ex L.} |Gramineae h fge y
Phyllanthus emblica L. Euphorbiaceae det Py
Phyllanthus sootepensis Craib  |Euphobiaceae det Py
Pilea trinervia Wight Urticaceae h f
Piloselloides hirsuta (Forssk.) C. |Compositae h Py
Pinus kesiya Roy. ex Gord. Pinaceae et Py
Planchonella punctata Flet. Sapotaceae et f
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Plantago major L. Plantaginaceae h f
Plectranthus ternifolius D. Don 1.abiatae h p
Pogostemon auriculatus (1..) Hassk. Labiatae h f e
Pollia haskarlii R. Rao Commelinaceae h f
Polygonum chinense L. Polygonaceae h fge y
Portulaca oleracea L. Portulaceae h e
Pouzolzia hirfa Hassk. Urticaceae h fg
Powzolzia zeylanica (1..) Benn. Urticaceae h fgep
Pratia begoniifolia (Wall. ex Roxb.) Ldl. Campanulaceae h y
Prunus cerasoides D. Don Rosaceae det g
Pteridium aquilinum (L.) Kuhn ssp.

aquilinum var. wightianum (Ag.) Try. Dennstaedtiaceac h fgepy
Pueraria imbricata Maes. Leguminosae, Papilionoideae [ev fge
Rauvolfia ophiorrhizoides (Kurz) Kerr | Apocynaceae etlt f
Rhus chinensis Mill. Anacardiaceae dtlt f p
Rubus blepharoneurus Card. Rosaceae ev fge y
Sacciolepis indica (L.) Chase Gramineae h ep
Saurauia nepalensis DC. Sauraliaceae h y
Schima wallichii (DC.) Korth Theaceae et f p
Scleria reticulata (Holtt.) Kemn Cyperaceae h f e
Scleria terrestris (L.) Fass. Cyperaceae h fge y
Semecarpus cochichinensis Engl. Anacardiaceae h v
Setaria palmifolia (Koen.) Stapf var.

palmiflora Gramineae h f e
Setaria parviflora (Poir.) Kerg. Gramineae h gep
Shuteria involucrata (Wall.) Wight & Am.  [Leguminosae, Papilionoideae |[ey ge
Sida rhombifolia L. ssp. rhombifolia Malvaceae h g
Smilax corbularia Kunth ssp. corbularia Smilacaceae ev f
Smilax lanceifolia Roxb. Smilacaceae ev f e
Smilax ovalifolia Roxb. Smilacaceae ev fge y
Smilax verticalis Gagnep. Smilacaceae ev f
Smilax zeylanica L. ssp. hemsleyana

{Craib) T. Koy. Smilacaceae ev g
Solanum barbisetum Nees Solanaceae h y
Spatholobus floribundus Craib Leguminosae, Papilionoideae {ewc f
Stemona sp. Stemonaceac v g
Streptocendron juventas (Burm. f.) Merr. Asclepiadaceac ev y
Styrax benzoides Craib Styracaceae et fge y
Tetrastigma sp. Vitaceae ewe fge y
Themeda triandra Forssk. Gramineae h g vy
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Thunbergia similis Craib Acanthaceae etit ge y
Thysanolaena latifolia (Roxb.ex Horn.) Honda | Gramineae h ge vy
Trema orientalis (L.) Bl. Ulmaceae etlt g
Trevesia palmata (Roxb.) Vis. Araliaceae et f
Urena lobata L. ssp. lobata var. lobata Malvaceae h fge vy
Vaccinium apricum Fiet. Ericaceae etlt f
Vaccinium sprengelii (D. Don) Sleum.  |Ericaceae etlt f y
Vernonia sutepensis Kerr Compositae h fge y
Vernonia volkameriifolia DC. var.

volkameriifolia Compositae etlt f
Vigna radiata (L.) Will Leguminosae, Papilionoideae |ev fg
Viola pilosa Bl. Violaceae h f
Wendlandia tinctoria (Roxb.) DC. :

ssp. floribunda (Craib) Cowan Rubiaceae etlt y
Zanthoxylum acanthopodium DC. Rutaceae etlt fge
Zingiber kerrii Craib Zingiberaceae h f
Zingiber smilesianum Craib Zingiberaceae h fge y
UNKNOWN HERB h f
UNKNOWN SEEDLING (A) et f
UNKNOWN SEEDLING (B) et f
UNKNOWN SEEDLING {C) et g
Note : (*) Note : (**)

et = evergreen tree;

f = found in the evergreen forest site

etlt = evergreen treelet;

g = found in the regenerating gap site

det = deciduous or evergreen tree;

e = found in the eucalyptus plantation site

detlt = deciduous freelet;

p = found in the mature pine plantation site

ewe = evergreen woody climber;

y = found in the young pine plantation site.

dewc = deciduous woody climber;

es = evergreen shrub;

des = deciduous shrub;

ev =~ evergreen vine;

dev = deciduous vine;

h = herb,

98




i

[ F ]

FHH)

§i1 SIS oSS

349 5108
a8 9 51 & 5§ 300 sl

[3]

al

it

for 100 quadi‘ats over

4

jes
9 04

a1

k!

Flo FLI Fl1 713 714 FIS FL6 FI FIR OFLY Fig

B

FOREST SITE
1]

]

&
L]

3

all seven observations at five sites

F
ULl

4. The average percent cover of each spec

[]

;

3

ecies

AFPPEND

ctisidia rabricauli

o AR S A S A A S
- . ey -
.\.‘H.UJ.UUn.n_.ﬂﬂn-onn..ﬂn.n-\hn'.unﬂ000“0.00..01&]D?UUDDOOOUQON;J.UU.UA'.UUUU?\l\«-\?
= ~
n.“n.n-\b.Unr.n.Dﬁﬂﬂ-ﬂﬂﬂﬂ!ﬂﬂ-ﬂﬂﬂﬂﬂ.ﬁ.ﬂ-ﬂﬂ-ﬂﬂooD,aﬂﬂooﬂaﬂonﬁanoouooﬂﬂaﬂ1.0n..
= o~
unU\U.ﬂ.ﬁ.ﬂ.ﬂlu..un-on-.uﬁ.ﬂooo.\-.un.n.n.ﬁ.uooo..lﬂ050050300000“00001?0000nu‘d..d
. -~ - oo ~ = o
= -~
ﬂ.U.U,UO..ﬂﬂ!000000900001&.0005!000@0.Hﬂ030@0“0000““”090950000.9.U.U.U
o - —

-
l.oﬂ-.unv@ﬂﬂﬂvnvﬁ.nn-ﬂ..un.ﬂnvﬂnuﬂﬂ.U.‘ﬂ.ﬂ0005150107“@00300“0“00“000.\.0(Q.n...u
- o~ — - -~ - =

= = 3
ﬂ.(v.U.UD.00000{01000000090F!-Uﬂn.“nﬂn-aﬁ.]ﬂ.ﬂ0000“50000!00309906000
< - - s - ~
= ~
o“nu_-nﬂ'ooaﬂvaooonocoonouuog\h‘uoenﬂv-loﬂvluaooooauooooaaouoouu&aoa
- =
500!100000000399000050000000000ﬂ0009000009“00500900“195003
~ —_ - ~ - - r
onvon-.u000“00“900300@0.}00.\.000000ﬂﬂu..lﬂﬁ.ﬂ.ﬂﬂﬂnvﬁ.ﬂ“‘°ﬁ-nvﬂﬂ-ln.lu3.ﬂI.«-)
= .\. e o ~
. = - =
.Uoonvn-on-.n.nvnv.ﬂﬂ-ﬂl.nnalv.ﬂ“00501000&-00“0ﬂ”nvt.-.l.enﬂaﬂvﬂvoh-n-“ﬂvlonvnv.l.ﬂoau.d.uv01-
- B = - = < o o
=
n-|-00n.I.n.ﬂ.un-ﬂﬂol..n-unvﬂeﬂﬂ-.UD.\.ﬂ-ﬂvon.n.n..!.Uﬂﬂ.ﬁ.?.ﬂaoﬂﬂ.nhnﬂ.!.nvn-nvn.uﬂOUuD00.“
- — - - — - -
= = -~
n.n_.ﬂ!n-co.u-ﬂn.ﬂ-nvﬂ.u.eﬂ.ﬂﬂ-ﬂ.ﬂ.un'003050000904."0@00000.00&.000000“1{.00.Uﬂn...

— P

=
0“0060“900“00“0000“000D..u3500050005011000“00009“aonﬂeﬂﬂvﬂn-n_..u.

= o
n'.v.Un-ﬂﬂ.n-!n-n-nﬂolooon-ﬂn-00000100“0000‘01\1030“0000!.Uﬂn-UUOP.H.Anuu.U
— — - w ~

= =]
...-.ﬂﬂn-Un-00000#n-.U.UT-..un-ﬂﬂ.o.lu.fﬂ.[ﬂ“uvﬂnuﬁ.ﬂla.va‘ﬂln‘ﬂﬂoeﬂﬂaooﬂ.ﬂﬂlal"r-.n..U
- " - — - -

— -
nuUﬂ.@ﬂﬂﬂﬂﬂﬂ.ﬂ@“n—ﬁ.ﬁﬂﬂﬂ.ﬂﬂnﬂ-ﬂﬂﬂﬂnlﬂﬂll‘ﬂﬂﬂ.u-.ﬂ.uoﬂﬂ.’“a.u..lnﬁ.u.vlﬂﬂnn..u

— - <
].U.Uﬂnvﬁnuelﬂ.v.:.ﬂ.n-\..ﬁ.ﬂ.ﬂ.ﬂ..u..u.n-ﬂ..un.d-{.vﬂ““Uﬁﬂ.l.ﬂr«ﬂﬁ.ﬂﬁﬁﬂ(l&‘on.h-n-ﬂaoﬂl.ﬂ‘].ﬂ-.u.n
- - o . - - -

-
.Uﬂ-ﬂ-.u900900ﬂUﬂ.ﬂﬂﬂﬁOﬂﬂ-.ﬂﬂ.Vnu0[009000060“0000&.000000Wﬂn.n-n...l.ﬂ.l00..1
- Py - —
=
U.Un...u.unvcﬂﬁ.n-n-oﬂn-n‘ﬂ.Uh.nvn_..ﬂn-.UQOR..U.U.UUT-GU?OI:DD.“UO.UUD.H..U0001“0000005
= ~ . o A
= = 3 =
0Ueaﬂ.uﬂﬂﬁﬂoﬂn-n-n-aun.ﬂﬂ000..10100090001095000003011.000.ﬂﬂvo.n.nvﬁlﬂ-ﬂ...l
-~ — = - P
= =
ornvnrﬂ.Jl.ﬂﬂﬂ‘Uﬂ.nvn-n-.l..ﬂa\w.ﬂn-n.n-n.n-n-ﬂn..n.ﬂ-ﬂn-ﬂﬁﬁﬂﬂ‘ﬂ.@ﬂ.ﬂﬂ.ﬂﬂ@@ﬂﬂ-?ﬂ-@ﬁ.ﬂﬂﬂ-.U.U
- = - ~ o - = — —
=
;l.u.h..ﬂ.lﬂ-l-ﬂ.h-ﬁroﬂﬂh-ﬂﬂﬂﬂ.bﬁﬂ-ﬂ..Un.@m-...uoﬁwﬂﬂoUn-n.n..l‘ol..ﬂnvﬂ..rﬂﬂ.uoen-.lnvﬂ.nvonuOnv\u..
- - P - = — - =
Qr{n.ﬂﬂﬂ-tuﬂﬁ.ﬂﬂ-nvﬂnv\..ﬂﬂvﬂﬁve.uﬂn-n.ﬂﬂ.ﬂ-ﬂ-ﬂ.@ﬂﬂ-ﬂ{n..l.d.oon-9?000[«9“3500]55004
o~ — < =] e — a -
=
.bncﬁ‘ﬂ00.Un.."ﬂ.\.nvnvﬁﬂ-..U00UQOUD“UOI..UU.H.U.UO\-.U].-[DQA-ﬂ.ﬂn-ﬂ.t..ﬂ.ﬂﬂ..lﬂ-@ﬁ.ﬁ“ﬂ-uun..U
] - < - o =
9000?0005!0000.\..00008\[00.00050006-000.0“00000“007]ﬂ.lﬂ-nvﬂ.n.ﬂen-an).u.
- - — = — - . ~ —
=
-1.0n-ﬂ.U.u.nnvoﬂ.ll..hvnn.l.uﬂvonvﬂ00610’00110@010.0.ﬂol..unvo.uﬂvl...aﬁ.nv0000000n-.UnJ
= - - o o - ~ o - o

=
]n-.uun..lﬂn-n-n-nvﬂ.ﬂ.n.00‘“00001.@0:\0“.\-0“0.0!.000.010!-.000.u.luﬂ-“ﬂ.\.n-ﬂous.q.nv@
- - - - = - = - - =
l.].ﬂ-n..Jn.eﬂ.Unv.Un.ﬂﬂ.oonvﬂ.ﬂﬂ-U‘Uel..u!..nvol.o.uﬂ.o5300000,.".30001.-00000]000.Ua.ur
- e ~ - - = < e
I.OOG.HA.Uoo.h.uﬁ.ﬁ,ﬂﬂ'ﬂﬂ-nvﬂﬁﬂﬂ-uﬂ.n.000{09!0:!0?00’,055nvnvt..nun.ﬂan.ﬂﬂo.l0.Hﬂ
- £ < — = o = - —_
..Jn.00000000000,@00000”0000P..roﬂ?.ﬂﬂn-n.-.r-.b].n-ouﬂn.ﬂ....-n-u.u;l.ﬂn-n-n-l.n.en..u..U.....
= - - = el -
..I.Unvn-5000.1““0000.“'[00000Ut..n.n-Un-Un.909100!51{0010000093n.oﬂe.oﬂﬂnuﬂ
- —~ o~ - = o - = - -
sl.lc.nv.l.u-onvﬂvs.ﬂ.ﬂﬂnvﬁnv.!ﬂ.ounﬂ-n.n_...l009011.“000?n-..lnvl..l.ﬂ.].ﬂnvunv.l‘dn-ﬂon.l..ﬂnvﬂonvn.
e ol o ~ -~ < o™ -~ Y o= —_ o o
5nvnuﬂ.n-nvoeﬂuUQrUOﬂ.Uﬂvuo.U.U]n-D.ﬂonlUn.ﬂ'uuann-.l.eo‘n-nven“ﬂvﬂ.o.lrln-onvn-n_.ﬂﬂ-u!l.U.u.nv

L] o = o~ - o ~
!l.n-.\uol.u.\.lnon-un-ﬂ-nvozaoooﬂﬂvun.aﬂﬂlurnvaoﬂ-n-ﬁ.n-ﬂvnvoo.\.nu.ﬂ-o..ln-o[nvﬂvﬂ09.01.00.Un.nv
< = ~ — < e - - v — o~
.Jnve“.u-u.U.OH5-\“0094.-.5.u.0ﬂﬂvnvn..nuﬂ07?05000150‘500]4&0001[0ﬂ-ﬂﬂ-nﬂﬂ-ﬂ-ﬂ-lnﬂ..u-
o = - = e ~ o ~ e - ~ o o
..r..Un.ﬂn.l.nvﬂﬂ.ﬂ0000;“0009.1.n.ﬂnv.Uﬂ-.fﬂn..ﬂﬂ-ﬂ.ﬂ.@l.ﬂ‘d-@ﬂ.ﬂﬂ-ﬂ-.fﬂﬂ\-ﬂ-ﬂ.n.n..n'lvo.u..to.u\w
= = = - s o < <= = =
o.u..balun'.u.ﬂ-ul.ﬂ..n.nv\.ﬂ.ouo.un-000«10.‘00.Hﬂ-n'n.O’Qiunloloooolﬂ-o{ﬂ.nﬂ-\-onrn-.ﬂ..uu

= o~ - - -~ = — < - < - ~ = -
l..ﬂﬂ-no.dn-nv@.u.u..ﬂ.n-oﬂn-n.t."n.ﬂ-on.ﬂ.ﬂ.ﬂonnlwﬂﬂ.nvn.Eﬂlﬂ“!uﬁnﬁ.ﬂﬂﬂﬂﬂﬂ’aﬂ.ﬂ.ﬂuoﬂooGﬂﬂ.
- - ~ <« = . L) < -
lu.ﬂ'nvn:n.].ﬂﬂ0ﬂ090‘00“ﬂ-un.OﬂA.n-n.ﬁn.un-nvAUn'an-n-OIUA-nvuuonvﬂnauﬂ.(uo.aa.n-n-nvn.uﬂu.‘nu._.u03
— - —_ ~ ~ ' - ]

: -
utnvﬂ-ﬂﬂﬂnvo.ﬂﬂ.o.unvnvﬂ-ﬂvﬂ.n-n-.Un.n.ﬂl.n-mn-ﬂnv!unvn.o..roooenva.ﬂ-n-nunﬂ.lUonvo,....ﬂvﬂ.ﬁvcj.ﬂ.ﬂ.,l
—t i — v o - -

= e B L S ey T e e wr ak  a e A ome i e e . = e S G u oo ~ o o . o o D
TEgS=sSSa=mETERIE Do sg ] - "ZE T . = o = e ™I == e R T N - I )
SO W BT wowm oC o P R LT mEr e e R Il S AR = e T o wma S e = Fema.m U
E<%'m 35 = 5 = 5 = ad C s8Rl T T EOZ s PR R =g (=] ~ oD D8 2o = e e = Al S
I P o= I - = - oo - = - % s . P I B T - w v ~< S8 TE . —_ e . TR 2 F
—~ w's.2 7 Fom T 2SS G..ISI_.]u.SCC.alV.lﬂ.fﬂ.l.ﬂltlld(ﬂllt.llgtﬂ.‘!lﬂnq =~ 3
SN e W T ow D e s O a = 3 .I..I.I.SH.ll..lr.!ﬂ.l..v..l..\.lfllﬂCESilbf.l.lC.r..l.t.l.l.-nSlCS..
=a s a 5535 = oo s sr=~—">» 3 3T S22 Ao 22X 22O s55'a ~‘C e Rnm S 23 Y.
ET g s st s maal 23RS 22 ZE eSS esmmaEEs s sETSRS L2 58nTo s =0 o
D~ o o v=o Bl 5o oS e E 8T 2B e s E - m oGSy T d=5c= e e e WG D2 a2
[l e R e e s AR — &= we- 3D A S Z2ZE, =2 T8 w oo — s a3 ¥Z = B =
== P ] = — == -~ = & DA < B S - B R o S R R - 31 - I e
= - S = T E m eSS w R EED oS LN - R R E- R - il -1 a b R
R R B~ B R R S e S B | g - i Loty S e S SRS S5V o om o R R - S )
.lr..-a.l.\nliddC.!l!.lllSI.Cfl.!.ﬂ.I.aRlSl.ﬁ.ﬂ.drﬂl...].llS.u.l.l.I.l..l.tlll P2 S 303
l;n-..[n.u.duuu.l.lf.lr..c..ﬂ.ll.l.!l.clllfl!l!lddﬂbl!!ll!iiil.ﬂllllt.ﬂfr.r.d-.».l
rt.l.l..lr.lr.h..lvlv;r...s.l.l!!Ilf.ﬂill.\(.liifrflalIIrI.I.S.I[LL‘CCCC!.C!I!tH-C)
P A - S I P == B B S - A B - B v - - S - = - e i e R A A A I
B e O e — o O L L e T o W i W W e @) e am W

9

1.3

R IRATRI
]

1003

2
0

[ N
107 04

bl

1
1815

]

]

f.4

¢
]

L]

RN
@

108
]

0
2
4

[
?
9
0

4
Bl
]
El
2
0

scored peattphyll 2.4 0.7 5.7 [9 44

soding reozedys |
nella essidolia [ 5.3
drocephats integr
Ptiris setigers 4
lewie qurea 34, v
score bulhifard
scoree detipiens
scorez glabra fox
searst seabranace



0046 PINE PsaTATIS S[EE

ARTURE PEAE PLANTALLON SITE

V1 OUPEfPY TRLG YPLT VP12 YP13 YPI4 YIS YRIL YPIT PES ¥PIY 1370

8 1

LS L R [T ]

F13 EM

:
I

€% E16 €17 £19 02 33 M4 PSR4 HPT AP APY APIG HP.II APL2 4PLY APLY APLS KP1S APET APLS KPLY NPID

e I R I T SR,
-

-

ST oeeMNOm e oo oo
—

=

e N
o

T DTS O O s oo

-

i

o

PR CT o SAMe oo 0ao

[ ]
[
[
LI
1 0
[
[
§ 14
L
1

[}
0
]
[
]
¢
[}
1
]
]

Mocons o

(%]

]

LN N 0 6 S Y

HEN R

[

¢

9

-t g

10 34

L]
9
016 Ly

[
[ T R |
9.9 4 Ll 0 @

]
0
b

¢
9
012y 3.7

ERRIN

B 30.7 15,7 25.7

L% I IR Y % 1

[}
1

L1

- s o
a0 o
o e o o
e e o

oo oo

- o e e

~ o e e
— o o oo

oo oo

]

L]

0

]

-0

0l
0.

L]

¢

0.

¢el 03

9

L% R T

q

[0 S % I Y 4 ] [

[}

]

oo oo e o
-
oS - o o
e o oo w
oo oo oo
L I Y

T O e e
-~
-]
=Ty oo o
-
~
T oS oo oo
R RSP
S oMo e e
~y

L]
1
¢
[
[}
1

0
[}
9
q
[}
4

Iy Ly 10 1

L]

1.1

o ale o
[N N A
BETAR

[
[

1q
L]
b4 07 07 00
]
N
L]

RN NI NI
]

|
|

[
LI

[ K]
931 nE e

[ I
L4

[}
L]

LI B |
BY LE 24003
[ AR W

[}
%]

WIL14LE 15804 ¢ 11 14
CON A O T B T T A R I OF B

SN 1403

]
[}

]

L]

RS REN K]

1

1.1

¢
]

I

¢ 11

[}
0
[
!
]
[}

LR

4

0.4

L7

e .
- =
- oo o w e
-
o e oo e
- ~
e -
= - <
S e o e o
< ~
"o oo o
= -
oS e o e o
-
N oo oo
<=
e
~
L R R
o
—_—e e oo o
e oo o
=
.
- - o o oo
= o
o e oo
- ™
o W o e -
™ =
L I )
<
o e oo o,
~
m o e oo
- -
e e
L] <
R -
o o —
- oo oo
oo oo o
= R )
o o oo o
o
- oo o o
—
I -
-
& oo oo o
oo e o e o
o oo oo
[
- oo e oo
e
o e o e o o
L N -
RN
P £
o oo oo e
<
e o e oo o
bl B B
- -
- e oo e
<
— o - =
oo oo
o
e -
- S e —
—_ -
T e oo oo
S oo o e

[ R |

0

0 LI LY

1.9

[

3.4

0

LR N % B

)

910

2

2.9

0.3

9

-
=

MET D e D a e o

3
¢
1
¢
7
&
4
[
e

e R A N T s T

D3 e cnDe oo
~

[N ER)

~ - .

TP T S modmes o m e e

TR T Y S C Do o e o
o oa < -l
.d,n.t..nv'un.-.uﬂﬂ_ﬂ.v.io.l
- ~3 i
R B B LN -
-3 ]
TIT AT O T O DD ey oo
~ ~ — e
MEEMY e o Do a e o
- -
-

i T I
~ =

VO cnme oo e~ o

FTETO N D O B e o e oo o
-

- e
A 3 ==
- ] 1

.,)...a._.._..ﬂx...dCﬂOG.b.n..uﬂ
P N -

it} ToTmoQe eTo -0 o
~ ~Noo =
-

T @ D @ 9w oo —
LS ~ - —
P e o YA T e e e s o

i T T T T = S

o =

T Tt o oD g e~ s oo
=

e - T T .,

T o 9o et oo oo oo

~
M s m o m s o > o
-

T T mm o mmom oo -l

= ]

T s a s m oo o e

- - - "y

R A R T T
-

oS T T O @ S m o oo
= -

e O T m T e e oM e —
b = o~

I R - N,

- =
e
R e
-,
B B - - G

Lo

ﬂu.ﬂ...u.nt.xta‘l.nfl.nuﬂ



9784 1.8

[ X

¢

4o 17
HETARIRBINEIREIRE NRIREINE A YRR

[ NIR

L]
9

[}

M4 285 8.6 TL4

[
]

0.3
8]

[
[

)
¢ 0.5 30.0 55,7 111

'R,
'o

[N

[
§ L 83

L0 19 I 4
4
9

0.l

0

L]
18

[
[}
0
[

11
[
Q

R

¢
[}

¢
]

"L
0
5
vl

[
]
L]

0.3
0 0.7 5350710385 1.9 114 B

[}
3.6
5.1

9

]

0
i

[}

0

[
¢
q
0
0
0
1
.5
1.4
0
4

.3

[
L]
Q
i
[]
¢
]
0
0
¢
[

APPENDIX 4. {continued)

Dischidia aajor (Yah
Jsparsn clcariton
Eltiegeea (Achasna)
Exbelia stricta Crai
tegelhaedia sercate 3.3
Ergelbardiz spicats 4.1
Eragrastis ajgra Hee
Eacalyptes eantddvle
£eqeniz 2lbiflers oy
gugeade featicose (9
Evgenia tetragons ¥i
Evediz triphyila 05,
Evpateriva zderophor 1.8
Tupatorian odorztmn
Fagerlindiz sp.

0.1
i

[ ]
[} 0
{ 4
1 {
[ S
0 [

[
¢
]
]
H
]

4 [}
[} LI
[ [
toRuPILALLE 0 ¢
L P S 16 B I 9 R R |
4 8 0 [

]
]
[}
]

.
=
.
=
coomeo
=
=
coow

4 47
[T R
[

[}
]
[
¢
?
¢

oo e o
- -
o oo e e o
-
—
A -
-
B = e
L]
o e oo oo
= a3 — o x
—_ w oA o
. -
- ey
] o o o
—_ D o =
by P Q-4
oS s e WL
O e oo x4
— w m e
o o~ ]
Pl I R -
BT e R S
=t T '3 o =
oA @ e o
v e e Do
= o oW m Ao
LS TS S
Mo wl ul Wl s e

]
]
|

3
[

013 Ll
]
q

0107

[
0

0707

[
[
]

[ I Y

0107 6L Ry N
0
q

4
3

[ IR

&0l

[EINEIRE N
0

]
11
IR

i
[

907 4l
0
9
L’

9
1.4

1
0t LA
[}

0.3
il

3
1

Gl 107 40 L0 L1 07 L6120 84259 M3 1S 6.
8.4

REIB IR
]
1

t 4410324 03
(8]

)

]
1.4
L.

143

9
0
3

11
0184

]

)
]
]
]
q

[
[}
6.6
4

2

0.3
]
]
0133
[

LN Y
1]

il
¢
0

10

Y
i
bl

284 87
13

]
]
]
1
[}

[RIR IR NI

[BIX]

0t 1
6.7

t
LX)
1
2.5
3

[

1.3
[
]
[}
]
4
[
]
]

{

L

AR N
LIN]
0

]

0

0]

2
9
bl

0

Ly
LAt
]

L& . X

0.7
[N RERR N

003 24

L]
[}

0
44 L1150 1

]
LER NN

]

[}

9

L]

1.9
(IR N

[
]
0

047 Ll
0

0l

4 LI Y N
[RIN
39
1.4 L)
0.9
i
¢ 365y

0
L1
]
0
0

{

0.l
0Ly Léllg

0.1

0

| 3

[

(R

]

?

[ IR

b
¢
Q
0
0104 1]
¢ 29 07 5303
21181
5.1
0
R
t

[ X
[ R

[}
[
¢
1

08T
[

[
3
L]
¢
2114

]
]

0
]
]
0
]
0
]
|
¢
]
6.3
]
]
[}
]

0
¢
0
1
¢
[
0
it
0
[
¢
0
9
0
0
%]
0
RN
[
0
$
I T 28

[l

1

0

1

0

L]

]

0

4

0

4

I

9

8.3

B

L]

3

1

L
3
L]
o
8
»
]
[}
]
9
0
[
¢
L]
]
i

]
]
]
]
0
]
0
]
9
]
[
v
L]
9
]
¢
9
]
2
]
[
0
i
1
L]

]
0
0
[
1
0
2
[}
9
¢
i
]
]
Q
[
4

farthenacisses seaic 1.1 5.9 2.3 5.7

nuhin?ugon interaedi 1.7 1.1
Gualis cornienlata L
Paspalun Conjegatua

Kicrostegioe vaquns 52.9 [4.3
Aalaquiee queeettii

Kaesd aoetans 4. 0C. 0.9 0.3
#illettia pachycarps
Hillattiz pobinervis

fisosa pudicz &, nar
Mrdiraia Jouree { .
5958 dewninata €odla
Aussaends sanderiam

Hea seticifelis il

Lepidagathis lacervalé.d 3.2 5.7
Lespedera patvittora

Litses cabeds (Lowr,

Sarkhania stipslata

Helicie ailagirica 8 1.7 1.9
Litsea sp.

Eyaued fongifotiz Ke
Hedyotis teaellifloe
Hedyotls vestita R,
Keliclopsis terniast
Tagatizas violaeflor
Inpezata cylindrica
tacls capos (Ko ex
Kacarasqa deaticnlat
Nucues racracaepd M2
2avetta fruticosa Cr
Pranisetun paraereus

Fhoebe aff. eathia {
2hoade lanceodaty (X

Soaphostenez Lecida
Kyérecotyle sinies
Yypopitiys Lanugisos
Hypoxis awced Lour.
Laniwatsatia caspida
Lesa Indica (Bure. f
Lygodien flexaesun {
Aelastara noemale 0,
Kicroselus ainutun [
Aassitlors sietica ¢
Phoebe 8p.
Phraguites vallateri
Phyllaetius esblica
Phyileothes sootepen
Pila trivervia Vigh
filosellaides birsut
Pinus kesiya Roy. ex
Plancorellt puactaty-
Plastago sajer L,
Hactrentins teraifo



- D e R e T D @ S D S S e DS Do S o
oo T oA T L) SR O oo DO S D PO T .lwanvoooalntn‘onooleuaoeaooouuguooolﬂ.H-vtma = o =3 \Q
o= < - —_ - o~
o o
- T - I
e DO T O e T ST Do O .Uﬂ-0007"0_ﬂ..Uu.dl-.elv.ﬂ.o-\wln.ﬂan-oo.uﬂﬂ-n-n'n-nvﬂvmﬂn-nr . =
~ - < - e
[P, N e e
O D e ED e S o AF D S L D O e D S Jﬁﬂnunouﬁﬂﬂﬂﬂ.ﬂl«.Oﬂ.ﬂﬂ.Gu‘.ﬂ-UOGnuooﬂnﬂ- - iy =
. ; : - < -
- - =
- - P T
N I R R R R e .Uﬂﬂcun.n-n-ﬂnﬂ.noalu.l..“oennﬂﬂn.onnﬂl.ﬂ“.U.\...n-ﬂ-ﬂ..r. L N - N
~r — Ll ’ '
~ e L P N - B
- - R R e kR B R R I e ol S T e - = o
— o -~ = - - = =
= - = B T T - B
I T T L) J - e I I T T e e oW = - 1 .
o~ - = - — ~ M ~ = —~
’ o~ - T P T SO T oy dh D o O
R . - L P . - R R TR A = om g b
- - - < - ~ - =
— i e b - E oS D o o O T
I T O I I N S e R S I A e G DO Sy D
T 1 A T ] . ~ - o
- -
- -~ - - = O T S O
. — < - oo oo =
O o T O DD D D DD D OO enuﬂ.;h.n..ﬂﬂn-on-n-un.!uaoﬂvﬂvoﬂ.UOnvuooﬂ.luonvnﬂvoNw + & o5 a oo oa - -
- e - ~ - -
=
o oo e - - P - T e e T B IR B SR
oD O T DD O e O D e DO ﬂ-ﬂﬂ“0”0ﬂnﬂn\lu..ﬂﬂveﬂ.n-noo.ﬂ.-ﬂn-nvoo-ﬂﬂn-D.U..J-\u -4 -00]“0]“ i =
] " < b = - o =
- S L T - N
- - - s B - I I I e I Rt B i Mt T OQW OO0 QO -
3 " . 4 4 -
- - - e Led
. —_-e e oW o o
- o oo oo oo T e :
C b C G T oG OCMOEO.T OO GO0 E e DTS REOEMDOS SO CDSS YOO =S m e wo © =
- I —H N = >
o -
oo e o & ey D oo™ =g ~
D T e O O D DM DD DD oS n—.ﬂnoouﬂ-unﬂoonluﬂvolﬂﬂn-n.00333000“0 H Q ! N
= = = - - = L -
- = s oo o e e
o e @ R - T
O D T e T D T T D S AR e & T T - - I R e A i it 4 < -
I3 . Ry * L 5 L -
= -t - L -y — = o - bl ~
L I - T e B i R e R e B o L . T T TN e
- - - -~ - ]
.Jnw.J.n.\.0n.ﬂ...n.ﬂ.t-.n.ﬂ.u-l.ﬂ.uo.uﬂn.).vloﬂﬁﬂﬁﬂozj..@ﬂ.ﬂﬁﬂﬂﬂﬂﬂ.ﬂ-«v.un-ﬂvn-ﬂ.fu‘.ﬂuduﬂ.ﬂ G5O O DO DD DO SO
- s - o - . - .
- — —_
U.l..U.U.U.U.uuni.onveﬂcﬂlwﬂn-..“.un..Uﬂ\hn-.Uﬂ.le.Uﬁ-n-n-.f.o.uﬂn-nﬂn.ﬂﬁ.ﬂn.n.ﬂ-“ﬂﬂ.n.W!oaauﬁoaﬁuaﬂvnuﬂilﬂ.\wﬂ..)ﬂ.arl.uaen
o~ o - }
=
e T T R R T A A T L B - B JE R0 = R e R R
- - - - - - - = .
= = =
e I I IR R e - = o oo Pl R - =~ o -
.° q\n' ¥ hadhilo e Sl . . 4 b=/ = r .ooonuo.\tooDﬂ:jﬂ-ﬂ?lanogunooruoo
[ -— o =] el o ' 1 *
= =1 - —
P - - I T T T R T - I - T R R e A B R R R T B B R
d : 4 r d ITOM® L hohocmumeeoeesos oo e
= o - - — - - —_ = -
k .~
'
T D DO O DD GG OGO D S e ODS oGS0 0 S 00 000D U DR 0RO 0 SO0 S S0 OoS ST @O
T i L T R T R - -
B I T T T T R T - I I R - -3 -
= H " 3 P A A I - - - - TR R A
- L - - * 3
- = -
o o L - - oo —_ - o o - < < —
oo o o D oy S T oS D OO Lo L A = - bl - ol o O o aoooaﬂ\‘aaaﬂ-laanﬂﬂ'anazeee
L = — - — ] -
. = =
= — - -
-
- OO e EED OO 00T E eSS 9 EeEe MG 00 00000l eD 00O 00T 00RO TOR Ot Oam SO RNe 06D o oo
- A ¥ - ! = 3 -t =
- T I T I I I it A I B R - R R . I R R
- o~ ~ i - : //
-
T T T B I e I I T - .
— - = - - " A B} d
»* . -
- e
R - S . - - T N R - DO oW OO BSOSO 00000000 oo DO DT DD DD DD T T -
- - - ~ .
Pa—
A L T e R R R R I N R N T T I - - T NU
= ne= = ! it = - R T T T T T T A e
T O I T I T T R T A I A A S R
= L] - - = = = L= I T RN
O T I - T T T e - - T T N I R S I - - .Y
d d T : R e I TR T
< - - - T
— |
O O T S S s D O D R D O O S D DS D S W DD O DD DD A e PSSO O DD Do OSSO0 oSO oo
= ! aooa"[ﬁﬂ'no‘aﬂ‘-s-a-
- =
- o o = - - . - ..
= o oo - oo o oo T e e T o oo oo oDO oo oo e R PE eSS eNCUDY oo N DGO SO oW eSO
=y ~ - —- ~- - n T
..Jn......ﬂnvn.‘.u90000000000000.ﬂ.vlu.uﬂﬂﬂ.iﬂﬂ1.“1“.).000000000{.00000000000AUBOUJJOGOUSOUOGH <
- - -~ e - " . = o o
-
o @ o CO 0D e 0000000000 YY VOO EU N eREROROC0OC000aORNYe T go O EO OO S SN
3 — o - -t — M
- ; = -
. v .
o - T I R R T I I R R I B R R R e R R B R - T T T T
- - = = - _ . — o~
- m oo oo o - e it WG TE W R Dy eT R e TRl A D g o T oo S OO0 e
> = oo 4 =_= >
- = e e e TS S e oM —to oo o0 oo T D oD SO OO S oo e &) o omon
U . e R A I i ittt a - = O~ = Tt e n oo oo oo oo e,
e - -
= T - = e e e o
o oo TET OO0 00S 000000 e0 00 OC0 DO T OO oE e oS B oG e o S e a -
H 1 - a = S O DD oo T O S o o Al
. - — AN
=
e = A e -] -
- = - il e TR e B N - S
b Lo -
B T B e A ~
= - TN S O 000000000 000000 .e om0 s oS o o o o -~
= = b .U.Uﬂ..Oﬁﬂo\uﬂﬂﬂﬂﬂ-ﬂvwnvﬂ.nvnwﬂﬂﬂo
— k
L R A
= o o e o .
- A I T OO 0O 00O 000 n000st e 00000 OSoMmoe S e e oo =
- o - = i o - ~ g = C e oo ooc oo o
T D D O S O xS TS D O e D €3 o - Lo =
= b + =] U-’-oD’nﬂnouO‘uunuoo{oounaucooouqoﬂ‘ua z
— w o~ = = e - B R R e T S
Lo i R S - T e
3 Ll e
= e = gt L@MGQQUUUUUOGIQQJUOJOOnv.un.J.Jnan.n.n-n-ﬂU.Uﬂ.n.ﬂ.nvn-o
- -
e A A R - - gy
ol T R S DD S T D DS D O T b
~ D T O S S A T LD £ O T CF £ T TH O T3 O o O T O £ T LS et TSN v v T o o w e o = e ek e



{continued)

PPENDIX 4.
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APPENDIX 5. Hielﬁrchical Cluster Analysis (using Cosine Index)

Agglomeration schedule using Average Linkage {Between Groups)

WA hurswhR

Clusters

Combined

Cluster 1 Cluster 2

80
74
62
63
62

Cocfficient

.986894
.983573
.980228
-57841¢6
-.8273011
.949913
-928514
.923328
.913877
.906186
-904733
.B80880
.888573
.B86682
.88505%
.8835393
.882702
-86255¢
-861174
.85293%0
.836007
-809883
.803289
.8006385
-158329
. 786034
.781653
.781199
-764354
.762141
.759804
.753702
.749841
.745549
.741768
724478
-715463
-7092435
. -704117
-703790C
.692807
-692530
.692105
.691125
.688084
.687567
.671338
-669730
-668857
.662657
.645403
.635614
-623370
.618621
.602532
.597857
.59590%
.581727
.578621
-548362
.530884
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APPENDIX 5. (continued)

62 73 77
63 95 87
64 21 48
65 83 85
66 81 94
67 61 71
68 27 32
69 15 22
70 21 25
71 73 96
T2 49 50
13 2 33
74 23 B4
75 2 5
76 31 36
77 85 9¢
78 15 21
79 66 &7
80 1 2
81 86 23
82 81 85
83 86 91
B4 49 [k
85 15 24
86 66 100
87 7 30
88 73 8l
89 15 31
20 15 21
91 i is
22 13 83
93 7 49
94 €8 73
95 €8 86
Sé €6 &8
97 1 23
98 1 7
89 1 -1

.527228
.522448
-513184
.502539
.495151
.464395
.460004
-459487
.451648
.434189
-430961
.423808
.413563
.379712
.358395
.357650
.349475
.332328
.314886
-312085
.293704
.285538%
.270426
.260305
-2323932
.228287
.219518
.219202
.209939
.184749
.181644
J173582
.137396
.124%99
098715
.095886
.089103
. 035057
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APPENDIX 6.

List of tree seedlings found in all five sites

Botanical name Family Habit*|Site**
Albizia odoratissima (L. £) Bth. Leguminosae, Mimosoideae | dt f py
Antidesma acidum Retz. Euphorbiaceae etht f py
Aporusa villosa (Lindl.) Baill. Euphorbiaceae detlt py
Archidendron clypearia (Jack) Niels.

ssp. clypearia var. chypearia Leguminosae, Mimosoideae | et f py
Archidendron glomerifiorum (Kurz) Niels, |Leguminosae, Mimosoideae |et f y
Betula alnoides B.-H. Betulaceae et fg
Boehmeria diffusa Wedd. Urticaceae etlt f
Bridelia pubescens Kurz . Euphorbiaceae det y
Castanopsis diversifolia King ex Hk. £ Fagaceae et fgepy
Castanopsis tribuloides (Sm.) A. DC. Fagaceae et f
Clerodendrum glandulosum Colebr, ex Lindl. | Verbenaceae etlt ge y
Clerodendrum infortunattum Craib Verbenaceae etlt e
Clerodendrum serratum (L.) Spr. var.

wallichii Cl, Verbenaceae etlt f
Dalbergia fusca Pierre Leguminosae, Papilionoideae | dt y
Debregeasia longifolia (Burm. f.) Wedd. Urticaceae etlt g
Engelhardia serrata Bl. : Juglandaceae det fg vy
Engelhardia spicatalechen, ex Bl. var.

colebrookeana (Ldl. ex Wall.) O.K. Juglandaceae det fg
Fucalyptus camaldulensis Dehnh. Myrtaceae et f e
Eugenia albiflora Duth. ex Kurz Myrtaceae et f y
Eugenia fruticosa (DC.) Roxb. Myitaceae et f
Fugenia tetragona Wight Mpyrtaceae et fep
FEuodia triphylia DC. Rutaceae etlt ~ |[f
Fagerlindia sp. Rubiaceae etlt PY
Ficus hispida L. f. var. hispida Moraceae detlt ey
Flacourtia indica (Burm. f.) Merr. Leeaceae dt e
Flemingia sootepensis Craib Leguminosae, Papilionoideae | etlt fgepy
Helicia nilagirica Bedd. Proteaceae et f py
Heliciopsis terminalis (Kurz) Sleum. Proteaccae et g v
Leea indica (Burm. f.) Merr. Leeaceae detht  {fgepy
Lezpedeza parviflora Kurz Leguminosae, Papilionoideae |etlt p
Litsea cubeba (Lour.) Pers. Lauraceae ett |[fge
Litsea sp. Lauraceae etlt f
Macaranga denticulata (B1.)) ML.-A Euphorbiaceae etlt ey
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Maesa montana A. DC, Myrsinaceae - etlt f
Markhamia stipulata (Wall.) ex Sch. var.
stipulata Bignoniaceae det y

Melastoma normale D. Don var. normale | Melastomataceae etlt g py
Micromelum minutum (Forst. £) Wight & Am. |Rutaceae etlt f
Olea salicifolia Wall. ex G. Don Oleaceae det fgepy
Palaguium garrettii Flet, Sapotaceae et f y
Phoebe aff. cathia (D. Don) Kosterm:. Lauraceae et Py
Phoebe lanceolata (Nees) Nees Lauraceae et f
Phoebe sp. Lauraceae et f p
Phyllanthus emblica L. Euphorbiaceae det Py
Phyllanthus sootepensis Craib Euphorbiaceae det p
Pinus kesiya Roy. ex Gord. Pinaceae et Py
Planchonella punctata Flet. Sapotaceae - et f
Prunus cerasoides D. Don Rosaceae det g
Rauvolfia ophiorrhizoides (Kurz) Kerr Apocynaceae etlt f
Rhus chinensis Mill. Anacardiaceae detlt (fg vy
Schima wallichii (DC.) Korth Theaceae et fpy
Styrax benzoides Craib Styracaceae et fgepy
Trema orientalis (L.) Bl. Ulmaceae etlt g
Trevesia palmata (Roxb.) Vis. Araliaceae etlt fg
Vaccinium apricum Flet. Ericaceae etlt f y
Vaccinium sprengelii (D. Don) Sleum. Ericaceae etlt f py
Vernonia volkameriifolia DC. var. volkameriifolia Compositae etlt f py
Wendlandia tinctoria (Roxb.) DC. :

ssp. floribunda, (Craib) Cowan Rubiaceae et Py
Zanthoxyum acanthopodium DC. Rutaceae etlt ge
UNKNOWN SEEDLING (A) f
UNKNOWN SEEDLING (B) fg
UNKNOWN SEEDLING (C) g
UNKNOWN SEEDLING (D) f y]
Note (*): Note (*¥*):

et = ¢vergreen tree seedling;

f = found in the evergreen forest site

etit = evergreen treelet seedling;

g = found in the regenerating gap site

det = deciduous tree seedling;

€ = found in the eucalyptus plantation site

detlt = deciduous treelet seedling,

p = found in the mature pine plantation

y = found in the young pine plantation site
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APPENDIX 7. Monthly records of soil moisture conient (g water/g dry soil)

Month Forest Reg. Gap Eucalypt  M.Pine Y Pine
7 June 0.53 0.39 0.41 0.44 0.38
15 July 0.51 0.37 0.37 0.39 0.36
12 Aug 0.70 0.43 0.45 0.49 0.47
17 Sept 0.74 0.56 0.53 0.56 0.57
21 Oct 0.71 0.45 0.44. 0.52 0.51
16 Nov 0.49 0.28 0.38 0.28 0.28
21 Dec 0.54 0.33 0.41 0.35 0.35
Note :

Forest = evergreen forest

Reg.gap = regenerating gap
Eucalypt = eucalyptus plantation
M.pine = mature pine plantation

Y.pine = young pine plantation
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