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ABSTRACT

A two-hectare plot of a deciduous dipterocarp-oak forest of Doi Suthep-Pui
National Park protected against fire for 28 years was compared with a similar, but
frequently burnt forest nearby with respect o changes in the plant community,
phenological variation and alteration of soil properties. To survey the tree communities,
ix meter wide transects with a total length of 650 m in each site were laid out across
the slope of the mountain following a bearing of 60°. To survey the ground flora,
quadrats of 2x2 m’ area were positioned every 30 m, along the transects on alternate
sides. Twenty one quadrats were placed in each site covering 2.3 % of the total transect
area. The importance value percentage (IP) of trees > 10 cm DBH (diameter at breast
height), species composition and diversity and evenness indices, for.both tree and
ground flora communities, were calculated. The seasonal variation in leafing, flowering
and fruiting of trees was monitored over the period of eight months from May to
December 1996, using crown density method. Twenty one 1 kg soil samples were
collected from just outside each quadrat and were analyzed at the Central Soil Research
Laboratory, Chiang Mai University.

Fire protection increased the density of trees and consequently basal area. It
slightly changed the species composition and eliminated Dipterocarpus tuberculatus
var, tuberculatus (Dipterocarpaceae). The species richness of both the ground flora and
tree species were higher in the protected area, but diversity indices were not
significantly different. The occurrence of evergreen or tropophylous trees was greater in
the protected arca than in the bumnt area. Phosphorus and soil temperatures were
significantly higher (p > 0.05) in the burnt area, but there were no significant different
in other soil paramiters between the two sifes. Average soil moisture content was
significantly higher (p > 0.05) in the protected area throughout the study period except
in September. The mean community scores for senescent leaves in November and
December were significantly higher in the burnt area than in the protected area. Shorea
siamensis vat. siamensis (Dipterocarpaceae) and Craibiodendron stellatum (Ericaceae)
retained their leaves longer in the dry season or carly rainy season in the protected area
than in the burnt area. Trees in the burnt area had less fruit in May than in the protected
area, even if their flowering scores were comparatively higher.



QOverall, this study shows that fire protection is a useful conservation
management tool in deciduous dipterocarp forest for increasing tree densify, increasing
plant species richness and changing tre¢ phenologies towards more favorable conditions
for wild animals.
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INTRODUCTION
Background

Thailand has suffered a rapid decline in forest cover over the past three decades,
loosing more than one half of its forested area. With a total forest cover of 60 % in
1953, Thailand has only about 27 % now' (Poffenberger and Mc Gean, 1993; TDRI,
1987). This rampant destruction of forest cover in the past was due to logging
concessions, encroachment and development of infrastructure such as roads, hydro-
power plants and mining. However, the rate of deforestation has slowed in the past few
years (Figure 1). This can be attributed to the ban on logging concessions, increasing
government control over encroachment, and an increase in conservation movements in
recent years. It is also because there is less forest left to cut. Nevertheless, the practices
of shifting cultivation and intentional forest fires are still common in northern Thailand,
where forests are estimated to cover more than 40 % of the land area.

In Thailand, more than 1.6 million hectares of natural forests are affected, if not
destroyed, by fire every year (Bangkok Post, 1995). The conflagrations that occur in
the lowland seasonal tropical forest are considered the main cause of the forest
degradation. Of the totél forest cover in Thailand, 46 % is tropical seasonal forest
(Stott, 1983), where fire has been a major factor determining the composition, extent,
and functioning of ecosystems. Moreover, all northern Thailand's forests belong to this
category (TDRI, 1987). In many places, the primary forest has disappeared and a fire
climax vegetation such as dipterocarp-oak forest has developed, which is maintained by
fire (FAQ, 1981). In an effort to gather more facts relating to the impacts of forest fire
on natural ecosystems, this study attémptcd to determine the cffects of protecting a
forest from fire on plant diversity, tree phenology and soil nutrients in an area protected
from fire for 28 years, compared with a similar area frequently burnt in deciduous
dipterocarp-oak forest in Doi Suthep-Pui National Park in northern Thailand.

! Recent satellite images indicate much less than this.
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(Poffenberger and Mc Gean, 1993)
Figure 1. Patterns of deforestation in Thailand
Rationale

Forest fire has increasingly become a frequent and problematic phenomenon in
- Thailand. Fires have a major impact on National Parks in particular, where protection
of the flora and fauna and their habitats is the primary aim. Since plant variety and
abundance, flowering, fruiting, and leafing pheﬁologies of trees, and also soil nutrients
status are essential features for ecological niches of wild animals, studies on the impacts
of forest fire on these factors are essential to properly manage the biodiversity in such

arcas,

Millions of baht are spent preventing and extinguishing fires in national parks
and wildlife sanctuaries in Thailand in the belief that this will "improve" the forest in
terms of biodiversity or ecosystem functioning (e.g. nutrient cycling). There has been
tittle research to determine whether fire protection actually causes such "improvements”
{0 occur and to quantify them. Particularly in dciduous dipterocarp-oak forest (DOF),
no study has been made on the effects of fire and little is known about its general
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effects (UNESCO, 1978; Sonthichai, 1995). Therefore, this study attempted to
examine some aspects of plant diversity (shrub and herbaceous ground flora and trees)
and ecosystem functioning (soil nutrients and phenology) in a fropical seasonal
diptcrocarp-oak forest. |

Hypotheses

Fequent forest fires m&ucc leaf litter and organic matter content in the soil. This
will result in low organic matter in the soil, decreased field capacity, and changes m soi
depth. Low soil moisture content should promote drought-resistant species of a
deciduous nature to grow. Remezov and Pogrehnyak (1969) mentioned that burning of
the hcrbacéous-mossy cover, forest litter, soil humus in high and low fires, causes
considerable changes in the biological cycle of elements under forest, and the following
changes take place simultaneously: ash elements are liberated from organic substances,
while C, N, some of the S, P, K contained in the organic matter are dissipated into the’
atmoshphere.

As leaf abscission m tropical deciduous frees occurs in response to declining soit
muoisture content, trees in a fire protected area theoretically should retain their leaves for
longer during the dry season. If fires are very hot, litter, leaf mold, and at least the
upper layers of humus are destroyed. This interrupts nutrient cycles and eventually
impoverishes the soil (Doubenmire, 1965). Compounds of Ca, P, and K are changed to
soluble forms which, though more readily available, are subject to rapid leaching while
N is volatized and lost. However, prolonged protection of forests from fire reverses the

processes. The hypothestzed mechanism is shown in Figure 2.
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Figure 2. A hypothesised mechanism of the effects of forest fire protection in a
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With this conceptual background, this study examined the following hypotheses:

1. Prolonged protection of a forest from fire changes the species composition of the
ground ﬂqra to be more characteristic of a mixed deciduous forest,
2. There w:!l be less disturbance effects afier protection from fire, therefore, there will
be higher plant diversity in a protected area, and
3. The protected area will have more soil moisture and therefore, phenological
characters of the vegetation will be altered.

Statement of the problem

This study examined and analyzed the effects of forest protection from fire on a
tropical deciduous-oak forest, to find out whether forest fire protection is worthwhile in
terms of biodiversity, tree phenology and soil nutrients. In order to analyze the problem
in detail, the following questions were identified.:

1. What is the level of variation of tree and ground flora diversity between protected
and burnt Sites ?,

2. What seasonal changes occur in leafing, flowering, and fruiting patterns of trees after
prolonged protection of forest from fires ?, and

3. Are there differences in soil nutrient levels between bumt and protected areas ?




Objectives
The objectives of this study were:

1. To compare and analyze the plant composition and diversity of burnt and protected
forests from fire.

2. To investigate and compare the phenological characteristics of tree species between
protected and burnt forests, and

3. To assess the nutrient status of butnt and protected arcas.
Future implic:itions of the study

The results of this study will be helpful in obtaining some more facts about the
impacts of forest fire on a deciduous dipterocarp-oak forest (DDF or DOF) with
particular reference to plant diversity, composition, tree phenologies, and soil nutrients.
As DOF is regarded to have emerged as secondary succession after fire, any changes
observed from the protected site would give an indepth knowledge about the natural
succession which can be employed in rehabilitating fire disturbed areas. The study
could also be helpful in planning fature fire protection strategies for better forest

resource management.

Limitations of the study

A major assumption of the study was that the species composition, soil
properties, and other microenvironments of the protected and the burnt arcas were
similar before the fire protection activities were initiated 28 years before. Although the
two areas consist of similar forest types and physiographic conditions, more accurate
estimations could be done if bascline data were available. Also, due to the lack of

replications in wider areas, the chance factor could not be avoided.



LITERATURE REVIEW

_General review on the effects of forest ﬁre

Forest fire has played a significant role in the shaping of terrestrial ecosystems.
Next to climate and soil, fire is the most important factor affecting the extent,
composition, and character of forest and other vegetation cover on natural areas (Davis,
1959). However, the role it plays in ecosystem maintenance is under debate among
ecologists, geographers and forestry practitioners. In fire studies, two views are
prevalent, One regards fire as an effective tool of forest management and considers it a
*good servant, but bad master”. The other regards it as the real destroyer of forest
ecosystems. Past studies have been focused on situational and site specific investigations

as these influence the government policies of a country.

The effects of fire on natural ecosysterns have largely been studied on the
North American prairies and in temperate forests. Very few studies have been
conducted in tropical forests. Deciduous tropical forests and tropical savannas have
been the focus of fire studies as these are thought to be post-fire successions.
Nevertheless, the term 'savanna’ has been a cause of much dispute and confusion, the
literature being reviewed by Kanjanavanit (1992). Taking a broader perspective, dry
deciduous forest / deciduous dipterocarp-oak forest has been included under savanna
forest (Schimper, 1903; Stamp, 1925; Richards, 1952; Sewandono, 1956; Ogawa et
al., 1961; Stott, 1984).

Schimper (1903) divided tropical woodlands into four categories, viz. rain
forest, monsoon forest, savanna forest, and thorn forest and described savanna forest as
a formation which is "more or less leafless during the dry scason, rarely evergreen, is
xerophilous in character; usually, often much, less than 20 meters high, park-like, very
poor in underwood, lianes, and epiphytes, rich in terrestrial herbs especially grasses.”
Stott (1984) added that "._.however, epiphytes of genera like Dendrobium



(Orchidaceae), Vanda (Orchidaceae), and Dischidia (Asclepiadacecae) tend to be
abundant in savanna forest...and in some associations top canopy trees can attain
heights of over 30 meters."

In a description of the Kiong Hoi Khong forest of southern Thailand, Maxwell
(1986) put forward similar views for savanna forest and true savanna (thormn forest) to
that of Schimper's (1903) and Stott's (1976, 1984). However, he used the terms
savanna and thickets to mean the savanna forest and true savanna (grasslands)
respectively. The term DDF, commonly used by various authors including Stott (1976;
1984) and the Royal Forest Department, to mean dry deciduous dipterocarp forest, dry
deciduous forest, dry dipterocarp forest or savanna forest does not encompass oak
(Fagaceae) species usually present along with the dipterocarps. Especially at lower
altitudes in Doi Suthep-Pui National Park, such a dipterocarp-oak association is widely
present, however, their percentage composition is low. Maxwell (1988) and Maxwell ef
al. (1995) nghtly call this a deciduous dipterocarp-oak association. In this thesis,
however, the term DOF and DDF are used interchangeably o mean deciduous
dipterocarp-oak association or savanna forest, and savanna to mean the thickets or

grasslands or true savanna.

Deciduous dipterocarp forest is the most widespread forest type in Thailand
comprising 47 % of the whole forest area in the country (Stott, 1988). Fires are
common in these forests, as DDF in South East Asia normally experiences a 5-7 month
dry season, with a total annual precipitation of 1000-1500 mm (Smitinand, 1962; Stoft,
1988a). This kind of forest, in general, is associated with poor, dry, and acidic lithosols
-or soils of the red-yellow podzolic group, which often occupy steep rocky slopes
(Kanjanavanit, 1992). The occurrence of seasonally dry periods in the tropics increases
with distance from the humid equatorial zone, leading to more open, semi-deciduous
and deciducus forest formations. Such foresis are often subject to frequent fires (often
annual, but sometimes two or three times a year) and fire-tolerant species tend to
dominate (Goldammer and Manan, 1996).



Some studies recommend "prescribed burning” as a tool of forest management
on the premise that it helps reduce potential fire hazards by reducing fuel, helps in
seedbed preparation, and enhances plant growth and the flowering, fruiting, and seed
ripening patterns of tree species. It also helps oreats appropriate conditions for
herbaceous legumes and possibly food plants which become established after burning
and are valuable for wild animals (Stoddard, 1935). This is the reason why the practice
has been a regular feature of forest management in America (Moore, 1987) and is
being recommended for the deciduous dipteracarp forest (DDE/DOF) of Thailand
(Stott, 1986).

The seasonal dipterocarp forests of mainiand South East Asia are frequently
regarded as fire climaxes, spread and developed from edaphic cores by the constant
pressures of burning and cutting (Stott, 1976; 1984, 1986; Barrington, 1931). As
Mather (1978) has noted, if forest fires did not occur, savanna forest would not have
existed in ‘much of its present arca and would have been confined to edaphic cores.
Furthermore, Kanjanavanit (1992) mentioned that a change in fire regime, whether to a
greater or lower intensity of fires, will allow other vegetation types to take over. From
this opinion, the use of fire for forest management is not only practicable, but also

inevitable.

However, it would be unwise to minimize the effects of fire on forest
destruction, soil erosion, and changes in phenological patterns. Studies suggest that fires
affect the microclimate and vegetation, change ecosystems, and reduce species
diversity. Studies in tropical savannas in India have shown that short plants are badly
. affected by fires (Naidu and Sribasuki 1994). However, the severity of damage varies
with the intensity of fire, species, age and, size of trees, climate, and fopographic
conditions. Tropical rainforests are more ﬁrc-—sensiﬁye than dry eucalypt forest (Gill et
al., 1989) the latter is comparable to savanna forest (Gillison, 1983). In tropical
rainforests the rate of soil erosion in burned areas is higher than that of unburned areas
(Shimokawa, 1988).



Blasco (1983) expressed the opinion that the more disturbed the community is,
the more open and the simpler floristic structure it will have. Fire protection, on the
other hand, reverses the process and allows the establishment of a greater density of
woody species. However, in Myanmar, the stability of DOF became apparent after 30-
40 years of general fire protection from 1874 to 1914, Protection had no appreciable
effect on scasonal dipterocarp forest soils (Champion, 1936). Sukwong and
Dhamanitayakul (1977) found overall nuirients to be less in repeatedly burned areas in
northern Thailand. Repeated burning also increases erosion 3-32 times the "normal®
rate, particularly on steep slopes (Komkris ¢f al., 1969).

Drought creates a long period of moisture stress which is one of the factors that
mhibits vegetation growﬂg giving DDF its open character and overall low stature and
comparatively lower biomass than most of the other formations in mainland South East
Asia (Ogawa et al, 1965; Sabhasri and Wood, 1967). In his controlled experiment on
seedlings of Pentacme suavis (Miq.) Kurz. (Syn. Shorea siamensis Miq. var.
siamensis Miq.), Dipterocarpus intricatus Dyer (both Dipterocarpaceae) and
Prerocarpus parvifolius Pierre (Syn. P. macrocarpus kurz) (Leguminosae,
Papilionoidac) Sangtongpraow (1982) found that reduced soil moisture had no
appreciable effects on the height of the first two species, which are characteristic of
deciduous dipterocarp forest.

In temperate countries, fire reduces organic matter and releases biologically
essential nutrients to the soil as a natural fertilizer (Stark and Steel, 1977). Once the
nutrients are released they reach shrub and herb root zones before reaching the tree
root zone. From a nutrient cycling standpoint, it is better to have the elements taken up
by shrub or herb roots than to have massive losses below the tree root zone. The roots
of herb and shrubs are vulnerable to temperature effects. If they are kilied by fire,
nutrient Josses from erosion and leaching can be significant (Stark, 1977). So, by
comparing nuirient leves in protected and annually burned arcas, the impacts of fires on
plants can be assessed. Repeated forest tires affect the temperature, soil moisture and
nutrients as well as the physical and chemical properties of soil. These factors will have
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direct influence on the phenology of plants. After prolonged protection of forest from

fire, changes in phenological patterns of tree species are expected.
Effects of fire on tree phenology

Kreb (1994) simply defined phenology as the study of seasonal changes in
plants. To Le Floch (1969) phenology is "the study of the relations between the
periodicity of morphological and physiological phenomena of plants and that of
ecologically active, particularly climatic variables". Lieth (1974) elaborated on this
definifion by stating that phenology studies: 1, the rhythm of repetitive biological
events; 2, the biotic and abiotic causes for these rhythms; and 3, the relations between
phenophases of different species or of a single species.

Very few phenological studies have been done for tropical trees. A preliminary,
but comprehensive study of more than 90 tree species in Doi Suthep-Pui National Park
in northern Thailand has been started by the Chiang Mai University herbarium sincﬁ
1987 and more recently by the Forest Research Unit of Chiang Mai University (Eliiott
et al., 1996). More studies must be done to draw general laws which govern vegetation
patterns (Seghieri ef él., 1995). Sympatric species that show similar phenological
thythms in the vegetative phase often differ in the timing of their reproductive phases,
This allows a categorization of phenological patterns or strategies at different levels of -
similarity (Monasterio and Sarmiento, 1976).

Phenological characteristics vary among sites depending on moisture,
temperature, soil, and other physiographic conditions. Even in the same locality, timing
of leaf shedding may vary. A number of studies on phenology of DOF trees at Sakaerat
Research Station in Korat Province, eastern Thailand have shown that Shorea obtusa
Wall.ex Bl. tends to be slower in shedding its leaves than Shorea siamensis var.
siamensis. The time of leaf shedding has a direct influence on the time of the main
period of fires (Nalamphun et al. 1969; Wongpaibul, 1974; and Sukwong et al. 1975).
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Sukwong et al. (1975) identified at least two phenological patterns in fruiting,
both with obvious adaptive importance. The fruits of the dominant dipterocarps are "
winged" and wind dispersed, tend to fall after the peak period of forest fires, and
germinate on the burned sofls at the start of rainy season. On the other hand, a range of
tree taxa which produce fruits with hard, thick seed coats tend to drop their fruits
before the fires, in November and December, and it appears that the fires may actually
have a role in their successful germination. From all this, it is certain that the dominant
species are resistant physiognomically, physiologically and phenologically to most types
of dry season fire, although the severest fires and intensely localized burns may lead to *
torching' and death of individuals, especially in species which are only transgressives in
the savanna forests (Stott, 1988).

In a comparative study of tree phenology in tropical wet and dry forest in the
Jowlands of Costa Rica, Frankie ef al. (1974) showed that striking leaf changes take
place in a greater proportion of species (75%) in dry forest than in the wet forest
(17%). The length of the leafless period for individual species and for the ecosystem as
a whole was also significantly longer in the dry forest. There was also a marked
different in the time of leaf flushing in the two sites. Wet forest species produced most
of their leaves during early dry season (February-April), while dry forest species flushed
predominantly during the beginning of the wet scason (May-June). Most fruiting
occurred during the second shorter dry season (April-October) at the wet site, while at
the dry forest site a pronounced peak in fruiting activity occurred in April during the

fong dry season.

A three year study of the phenology of flowering and seed production of DOF
trees on Doi Suthep by Elliott ef al., (1989) noted a sharp peak in flowering in March,
the least from July to September, with the peak flowering during May-June. There was
fire in one year during this study. Similarly, Sukwong et al. (1975) observed at Sakaerat
Research Station that DDF tree species began to loose their leaves in January and
mostly from late February to March. The most intense leaf flushing occuired in late
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March. A large number of species still produced a few new leaves until May. A high
percentage of species bloomed during the hot dry season (March- April).

Effects of fire on soil nutrients

When fire occurs it releases heat energy which is transmitied by conduction to
the soil layers, thereby affecting the chemical, physical, and biological properties there.
(Bahuguna and Lal, 1989). Transmission of heat to soil during burning has been
studied by varions researchers. Hensel (1923) and Aldous (1934) reported that heat of
combustion from buming was confined to immediate ground surface and soil
temperature up to 18 cm depth was significantly higher during two months after
burning, Beadle (1940) found that soil temperatures at various depths were significantly
different in dry and wet soil, the later being 'cooler’.

In a study conducted in the savanna of northemn Guinea, Brookman-Amissah et
al. (15503 conchided that prolonged protection of clear-felled arcas give higher tree
density and diversity than the early and late bumnt areas. Basal area, biomass, and
diversity of grasses were significantly higher in burnt areas than in protected areas. The
greatest differences were found in soil organic matter and total nitrogen, both of which
were highest without burning, lower with carly burning, and least afier later burning
than in the other situations. Available phosphorus showed a marginally significant
difference only between early bumt and protected plots. Exchangeable potassium was
lowest in the late bumt plots. |

Several researchers have studied the effects of buming on moisture content.
Banerjee et al. (1981) explained that water holding and available water capacities were
considerably reduced after burning in Indian tropical forests. While Quirk and Sykes
(1971) in interior Alaska found soil moisture contents 10-15 per cent higher in unburnt
spruce forests than on a previously burned south slope, but they implied this factor to
be casual in preventing fire rather than an effect.
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Effects of burning on soil structure has been studied in India. Experiments on
black cotton soil showed that heating by fire resulted in a marked improvement in the
physical texture and degree of aggregation of the soil colloids. Breaking of small soil
particles into lumps is an effect of high temperatures during fires. These lumps could
not be broken up by the usual methods of mechanical analysis, indicating that the soil
texture has changed. Oven-heated soil was somewhat improved in structure, but not in
the texturre (Bahuguna and Lal, 1989).

When organic matter is burnt the mineral substances in it are released in the
form of oxides or carbonates that usually have an alkaline reaction (Bahuguna and Lal,
1989). Decrease in soil pH due to buming has been noted by several researchers
(Barnette, 1934; Bamette and Hester, 1930; Heyward, 1936). Griffith (1943), Gupta
(1946), Ehrenreich and Aikaman (1963) found that the pH of the surface soil increased
by burning, the extent varying with quantity of organic matter burned. Austin and
Baisinger (1955) observed that pH was changed from 4.5 to 7.5, but on samples taken
two vears after the initial bumn, pH was reduced to 5.7. Sonthichai (1995) in DOF in
Doi Suthep-Pui National Park, Thailand observed that the pH of soil in both a burnt
area and a non-burnt area was slightly less acidic than neutral, except immediately after
burning when the soil in the burnt arca was alkaline. Beadle (1940) reported that there
was no change in the pH value of very poor soils such as in Sydney in New South
Wales, and in the Jzrrah forests. Hatch (1959) showed no change in pH value after

light fires.

After burning, large amounts of nutrients are available in the surface soils and
losses by leaching are then possible, owing to absence of vegetation (Bahuguna and Lal,
1989). Some effects of burning forest soils of western Oregon and Washington (Austin
and Baisinger, 1955) documented large increases in exchangeable Ca, Mg, and Klin the
surface soil soon after burning. Benerjee et al., (1981) found drastic reduction in
organic carbon (33% to 50%), total N, CEC, exchangeable Ca and Mg, available P,Os
and K; in fire affected forest soils of West Bengal.
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Austin and Baisinger (1955) observed that two years after the initial burn,
available nutrients such as K, P and Mg had dropped back down to about normal.
Similarly, Letspeich ez al. (1970) found no significant trends in soil nutrients one year
after a fire in black spruce stands in eastern Alaska, but noted a slight increase in K.
Fire stimulates nitrification in the upper humus layers by reducing the acidity of soil.
Burning greatly increaes available nitrogen in mineral rich soils (Bahuguna and Lal,
1989).

Effects of fire on ground flora

In tropical forests, the ground flora has not been studied as widely as tree |
communities. This is mainly due to lack of taxonomists while tree communities got high
priority as these are directly bencficial to the government from the commerial point of
view. Most of the field techniques to study the ground flora have also been developed

in temperate countries where species richness is very low compared to tropical areas.

Morphological tolerance to fire is present in many herbaceous ground flora.
Phoenix humilis Roy. var. humilis (Palmac) is a typical example of fire resistent species
found in DOF. During large fires, all the parts including leaves and epidermis of this

species are burnt except the meristematic tissues.

In the savanna of northern Guinea, Brookman-Amissah ef al. (1980) found
significantly higher grass diversity in burnt areas than in the protected areas. In a
comprehensive survey of herbaceous ground flora in the DOF of a small portion of Doi
Suthep-Pui National Park, Phuakam (1994) studied a number of fire resistant and shade

tolerant ground flora. They are discussed in detail in the discussion.
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Field methods and diversity indices

Structural or physiognomic methods do not demand species identification and
are often considered more meaningful for small-scale (large area) studies, and for
habitat description for scientists of other disciplines. Methods based on species
composition or floristics are more useful for large-scale (small area) studies of a more
detailed e.g. botanical nature (Goldsmith ez af.,1986). In this study, both the
physiognomic (periodicity) and floristic measures (frequency, cover, basal area, density)
have been used to study the changes in ground flora and tree communities after

burning.

In some types of vegetation, the use of plots may be impractical and
prohibitively time consuming. Also, the point-quarter method is often .diﬂicult to apply
due to nonrandom distribution of the sampled individuals. Transects are useful in these
instances and are especially advantageous and efficient in studies of contiguous stages in
ecological succession or of communities studies at transitional zones (Brower and Zar,
1977). This holds added significance when tree communities are being studied in a
short period. However, permanent quadrats have been the backbone of long-term

studies of vegetation change, i.e. studies of patterns (Goldsmith et al., 1986).

The quadrat is the most widely used sample unit to survey the ground flora
community (Goldsmith ef al., 1986; Ludwig and Reynolds, 1988; Southwood, 1992).
The shape of the sample plots first used in North American vegetation studies by F. E.
Clements and co-workers was square, and the term quadrat was appropriately coined
for the unit. Later circular, triangular, oblong, lincar, and dimensionless observational
units were used by other workers. These can not be properly called quadrats
(Doubremere, 1977). However, Greig-Smith (1983), Clapham (1932) and Bormann
(1953) advocate the use of rectangular quadrats. Clapham (1932) showed for one
particular case that the variance between rectangular strips was markedly less than

between squares, and that the variance was least, i.e. the efficiency was greatest.
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for the unit. Later circular, triangular, oblong, linear, and dimensionless observational
units were used by other workers. These can not be properly called quadrats
(Doubremere, 1977). However, Greig-Smith (1983), Clapham (1932) and Bormann
(1953) advocate the use of rectangular quadrats. Clapham (1932) showed for one
particular case that the variance between rectangular strips was markediy less than
between  squares, and that the varjance was least, i.e. the efficiency was greatest.
Nevertheless, Goldsmith et al. (1986) are of the opinion that the greater the
Iength/breadth ratio the greater will be the cdge effect. Also, the differences that will be
obtained with variously shaped quadrats is very small and is not an important

consideration.

The size of quadrats to be used depends on the morphologies of the species in
the vegetation to be sampled and the homogeneity of the vegetation (Goldsmith et al.,
1986). In general, a quadrat size upto 0.25 m? is suitable for herbaceous vegetation,
while sizes larger than than 1 m’ are required for work with woody species (Causton,
1988). However, the quadrat size should not be too large. As quadrat size increases and
approaches the size of the patches, variance relative to the mean will rise sharply
(Greig-Smith, 1983).

Cover is the convenient measure for working with many types of herbaceous
vegetation especially those for which density is not appropriate (Myers and Shelton,
1980). It is defined as the proportion of ground occupied by perpendicular projection
on to it of the aerial parts of individuals of the species under consideration (Greig-
Smith, 1983). The Domin scale method of cover estimation is widely used in ground
flora studies. This is more useful than the Braun-Bianquet scale as it can be converted
into Braun-Blanquet, but not the other way around. However, both of these measures
may be criticized on the grounds that they are 'pseudoquantitative’ and give little
information than frequency symbols (Transley and Adamson, 1913), but they are easily
and quickly used in the field (Goldsmith et al., 1986).
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arbitrary height 1.3 m (breast height) is used to measure diameter or girth. In some

countries 1.37 m from ground level is considered as breast height.

Frequency is the chance of finding a species i a particular arca m a particular
trial sample (Goldsmith ef al., 1986). It is extremely quick and easy to record and has
consequently always been popular amongst ecologists (Goldsmith, 1986). The
frequency is dependent upon quadrat size and it is for this reason that the measure is
considered 'non-absolute' (Greig-Smith, 1983). The frequency value obtained reflects
the pattern of distribution of the individuals as well as their diversity. However, the flaw
of this measure is that two acas having equal density may have different frequency

values.

Importance value is an index of the vegetational importance of a trec species
within a stand. It is calculated by summing the percentage of basal area, density, and
frequency, where each is weighted equally for a species relative to a stand as a whole
(Holdridge et al. 1971). The Importance Value (IV) gives an overall estimate of the
influence or importance of a plant species in a community. This estimate has the
advantage of using more than one measure of influence, however, it has the
disadvantage of giving similar values for different combinations of the three relative
values ( Greig-Smith, 1983; Brower and Zar, 1977).

Diversities indices are the most widely used measures in plant and animal
community studies. Simply speaking, species diversity is the total number of species
ﬁrcsent in the forest communities to be studied. However, this definition does not take
into account the number of individuals of each species present. It becomes clear that it
is more desirable for any measure of diversity to take account of both species number
and species abundance (Wratten and Fry, 1980). A number of diversity, evenness, and
similarity and difference indices have been proposed (c.g. Simpson, 1949; Margalef,
1958; McIntosh, 1967; Moore and Chapman, 1986). Among them, Shannon-Wiener
function, Hill's diversity numbers, modified Hill's ratio, Sorensen's index, and Chord
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Distance are widely used. A summary of the characteristics of some of the statistics are

given in Table 1.

Table 1. Summary of the performance and characteristics of a range of diversity
statistics (see: Magurran, 1988 for a detailed discussion).

Statistics Discriminant | Sensitivity | richnes or | calculation | Widely
ability to sample | evenness used ?
size dominance
X (logseries) | good low richness simple yes
y(lognormal) | good medium richness complex no
Q statistic good low richness complex no
S (sp. rich.) | good high richness simple yes
Margalef good high richness simple no
Shanon medium medium richness intermed. | yes
Briliouin medium medium richness complex no
Mclintosh U | good medium richness intermed. | no
Simpson medium low dominance | intermed. | yes
Berger-Park. | poor low dominance | simple no
Shannon-ev. | poor medium EVENNESS simple no
Brillouin ev. | poor medium EVENNEss complex ne
Mclntosh DI | poor medium dominance | stmple no

Evenness indices measure the distribution of the number of individuals in each
species. E1, E2, E3 are very sensitive to species richness, whereas E4 and E5 are
relatively unaffected by species richness. In addition, E4 and ES remain relatively
constant with sampling variations. As ES (Hill's modified ratio) approaches zero a single
species becomes more and more dominant in a community. In Hill's another ratio, E4,
as the diversity of a comunity decreases, that is, as one species tends to dominate both
the N1 and N2 will tend toward the value of one (Peet, 1974). That is why ES is

- preferable.
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Sorensen's similarity index is the simplest similarity coefficient. This index is
designed to equal 1 in cases of complete similarity and 0 if the set is dissimilar and has
no species in common. One of the great advantage of this measure is its simplicity.
However, this virtue is also a disadvantage in that the coefficient takes no account of
the abundances of species (Magurran 1988). This index is fully based on the common
species occurrences in two communities. However, its significance is on the relative
proportions of the species in sampling units. It does not take into accouni the evenness

measure as well.

Chord distance is widely used measure among distance indices. This measure
puts greater importance on the relative proportions of species in the standard sampling
units. Correspondingly less importance on their absolute quantities (Ludwig and
Reynold 1988). Distance and similarity of two comunities can be reflected in a square
diagram prepared manually.

Based on a review of these previous studies, the ficld of fire study in particular
to tropical forests, is still at an early stage. Detailed studies with regard to the effects of
fire on plant diversity, soil nutrients, and phenological characteristics of trees in tropical
deciduous dipterocarp-oak forest are still lacking. Moreover, since the effects of fires
are not uniform even within the same forest type and climatic zone (FAO, 1953), site
specific studies are required. This study is an attempt to fill up a part of such
information gap.
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STUDY SITE DESCRIPTION

Introduction

This study was carried out in a deciduous dipterocarp-oak forest in Doi Suthep-
Pui National Park in northern Tﬁailand (Figure 3). The area kies a few kilometers west
of Chiang Mai city at approximately 18°5¢' N latitude and 98°50' E longitude. The
forest was designated as a National Park in 1981 and covers an area of 261 km’. The
DOF is situated from the eastern base at 350 m to 950 m elevation whereas the highest
point of the park, Doi Pui, is at an elevation of 1685 m.

There is a marked variation in rainfall and temperature from the base to the top
of the mountain. Témperamres are relatively high and rainfall is low i the lower parts
of the national park resulting in little moisture content holding in the soil. The highest
average monthly temperature is recorded in March and April (Figure 4). Annual rainfall
varies from 1000 mm/yr near the lower slopes to approx. 2000 mm/yr near the summit.
In 1996 the peak rainfall occurred in September, whereas it was in August in 1995. The
dry season occurs from November to May with little or no rainfall. Usually, the rainy
season starts from May and remains until October. The cool-dry scason starts in

November and ends in March.

The vegetation of Doi Suthep-Pui National Park is composed of a monsoonal
(seasonal) forest, including a deciduous dipterocarp-oak association and a mixed
gvergreen + deciduous hardwood association in ¢. 800-1000m and primary evergreen
forest with pines in some areas above 1000 m (Elliott and Maxwell, 1993). The
dipterocarp-oak association is dominated mainly by two dipterocarp genera namely
Dipterocarpus with Dipterocarpus obtusifolius Teijsm. ex Miq. var. obtusifolius and
Dipterocarpus tuberculatus Roxb. var. tuberculatus and Shorea having Shorea obtusa
Wall. ex Bl. and Shorea siamensis Miq. vat. siamensis. The dominant species from
Fagaceae include: Lithocarpus elegans (Bl.) Hatus. ex Soep., Lithocarpus sootepensis

(Craib) A. Camus, and Quercus kerrii Craib var. kerrii.
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Figure 3. Map of Doi Suthep-Pui National Park showing the study area.
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Two sites were sclected, one protected against fire for 28 years and the other
left unprotected. When selecting the bumt area, besides similar vegetation composition
and soil type, much attention was given to other site factors such as aspect, distance
from water sources, rocks, and elevation. Prior to the final selection, possible sites
nearby were reconnoitered and site factors closely examined. A survey by compass was
done to locate the exact position of the sites. In the protected area three meter wide fire
breaks had been maintained fo prevent fire spreading into the area. The elevations of
both sites ranged from 500 to 650 m. The bedrock was granite (Maxwell, 1988). In

most of the places, soils are shallow, highly weathered, and exposed 1o soil erosion.
Site 1: Protected Area (PA)

This site was located 500 m south wost of Wat Pahlaht ("Palad" Temple).
Pahlaht Stream passed by its south-western flank which acted as a natural firebreak.
Most of the area in this site faced a north west direction and has an average slope of 20
° This site consisted of secondary forest dominated by species in the Dipterocarpaceae
and Fagaceac families (Figure 5). It had been protected from fires for 28 years with the
active initiation of 2 former abbot of Wat Pahlaht. However, the area was heavily
logged before the 1960's (Svasti, pers. comm., 1996). This is the reason that even
dominant trees in the area had not attained their potential height. A few stumps of
Dipterocarpus tuberculatus var. tuberculatus were found in the area. However, no

single living tree of this species was found.

The major tree species found in this forest include: Dipterocarpus obtusifolius
var. obtusifolius, Dipterocarpus tuberculatus var. tuberculatus, Shorea siamensis var.
siamensis, Shorea obtusa, Buchanania lanzan Spreng., Lithocarpus elegans,
Lithocarpus sootepensis (Craiby A. Camus, Quercus kerrii var. kerrii, and
Tristaniopsis burmanica (Griff.) Wils. and Wat. var. rufescens (Myriaceae). Some
common herbaceous ground flora species in this site were: Curcuma zedoaria (Berg.)
Rosc. (Zingiberaceae), Globba schomburgkii Hi.f (Zingiberaceae), Boesenbergia
rotunda (L.) Mansf.{Zingiberaceae), Scleria levis Retz. (Cyperaceae), [nula cappa (L.)
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Sw, forma cappa (Compositeae) and Desmodimom  motorium  (Hout) Merr.
(Teguminosae, papilionoideae). The ground flora in this site was abundant outside of
the boundary and the area exposed to sun light. In some of the patches which have tree
species  with dense crowns, the ground flora was absent (Figure 6). Instead, woody

climbers and vines were more prevalent in this site compared to the BA.

Figure 5. Protected area with many Dipterocarpaceae and Fagaceae trees (Aug. 1996)
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Site 2. Burnt Area (BA)

This site was situated adjacent to the protected area, about 800 m north-east
from Wat Pahaht. (Figure 7). It was separated from the PA by a fire break. Unlike the
PA. this site had been frequently burnt in the recent past. Most of the arca had a NE
aspect with an average slope of 20° It had a relatively open tree canopy, and 1s very
exposed. As a consequence, this area had dense ground cover, compared with the PA.
The dominant tree species of this site were: Diprerocarpus  obtusifolins var.
abtusifolius, Dipterocarpus tuberculatus var. tuberculatus, Shorea obtusa, Shorea
Stamensis var., stamensis, Tristaniopsis burmanica var. rufescens. Buchanania lanzan,
Lithocarpus elegans, and Craibiodendron stellatum (Pierre) W.W.Sm. (Erncaceae).
Ground flora species commonly found in the area mmcluded: Curcuma zedoaria
(Fingiberaceae), Scleria lthosperma (L) Sw. var. [lithosperma (Cyperaceaeg),
Hoesenbergia rotunda (Zingiberaceae), dAmorphophallus longituberosus (Engl.) Engl,
& Gehrm. and, dmorphophallus vunnanensis Engl. (Araceae), Globba reflexa Craib
(Zingiberaceae), Desmodium  motorium, and  Dunbaria  longeracemosa (Craib

(Leguminosag. Papilionoideag).

Figure 7, Open canopy and dense ground flora in the burnt area (Sept.1996)
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MATERIALS AND METHODS

Study of tree phenology
Sampling

Six meter wide transects were laid out across the slope of the mountain,
following a bearing of 60°. The distance between any two parallel transects was kept to
20 m, but varied from 15 to 25 m becausc of differences in aspect, slope, and the
terrain encountered. In some places, due to the same reasons, the direction of the
transects was oblique rather than the perpendicular to the siope. There were 4 transccts
in the protected area (PA) and 5 in the burnt area (BA) laid out with varying lengths.
However, the total length of transects in each area was 650 m covering 5 % of the total
arca. The number of transects in cach sitc was fixed to cover the existing diverse habitat
after observation of site factors, whereas the total length was fixed deliberately to make
the length in both areas equal.

Data collection

All frees greater than 10 cm diameter at breast height (dbh) were labelled and
identified. The reason for ignoring trees less than 10 cm dbh was that most are not
mature enough to produce flowers and fruits. Labelled trees were scored for ﬂbwers,
fruits, and leaves during the last week of every month using the crown density method
(Koelmeyer, 1959; Marsh, 1981; Newton, 1988; Elliott ef al., 1994). According to this
method, the density of flowers, fruits, and leaves is scored using a linear scale of 0-4,
with 4 representing the maximum intensity. Values of 3, 2, 1, and 0.5 represent three
quarters, half, one quarter and less than one quarter of the maximum density
respectively. In leafing phenology, the maximum value of 4 was divided amongst bare
canopy, young leaves, mature leaves, and senescent leaves. In addition, tree density and

basal area of two sites were calculated and compared.
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canopy, young leaves, mature leaves, and senescent leaves. In addition, tree density and

basal area of two sites were calculated and compared.

Study of ground flora community

In this study, the term ground flora is used to mean all the herbaceous plants
including herbs, shrubs, vines, and climbers. It excludes tree seedlings.

Sampling

An intensive quantitative survey of the ground flora was done by partial random
sampling. As quadrat positins were determined by a compass bearing regardless of any
physical or biological features of the forest, the sa_mp!c may be regarded as effectively
random (Canston 1988, Elliott ef al. 1989). Quadrats of 2x2 m area were positioned
every 30 m, along the transects on alternate sides. Altogether 21 quadrats were placed
in each site covering 2.3 % of the total transect area of the sites. The number of sample
units (quadrats) was found to be sufficient by using running mean and area-curve
methods. Quadrats were delineated using string to avoid trampling the vegetation within

them.
Data collection

The percent cover of each species was recorded using the Domin scale (Table
2). The area overshadowed by tree seedlings and saplings was also recorded. The
ground flora community was surveyed at the beginning of the rainy season (June),
during the rainy scason (September), and at the end of rainy season (November).
Moreover, some specimens were collected and taken to the Chiang Mai University

Herbarivm for identification and curation (Figure 8).
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Table 2. Donmun scale
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Figure 8. Desmodium oblongum Wall. ex Bth. (Leguminosae, Papilionoideae). One of
scveral ground flora species collected during the study and kept at the CMU
Herbarum.




Study of soil properties

Sampling

Soil sampling units were fixed just outside each ground flora quadrat to
investigate possible relationships between ground flora and soil factors. Therefore, there
were also 21 soil sampling units. Since soil samples for moisture content were collected
every month, the sampling points were moved a few centimeters away from the
previous points, but were placed within the boundaries of 6 meter wide transects and
fixed as close as possible the corresponding quadrats.

Data collection

Twenty-one one kg soil samples from each site were collected at 0-15 cm depth
using an auger. Stones and undecomposed plant parts were removed from the collected
soil. The samples were then packed in polythene bags. Before analyzing, the soil was

sieved. For moisture content analysis, about 150 gm of soil was collected from each

sampling unit in air tight polythene bags.

Data analysis (
Most of the vegetation and soil data were analysed statistically using ECOSTAT

and SPSS computer programs. Phenological data were analysed with Microsoft
Excel -5. Further details are given below.

Hill’s diversity numbers

Hill’s diversity numbers, N1 and N2, were used to describe the species dversity
in the communities. They are expressed as: N1 = ¢ where H’ is Shannon’s species

diversity index.
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H'= -7, (ni/N) In (ni/N)

Where,

n; = no. of individuals of ith species in the sample area.

N= Total no. of individuals in the area.

N2= 1/A; A=2p where, p; = n;/ N proportional abundance.

T-test was used to test whether the species diversity indices were significantly
different. For this, the following formullas were used (Batten, 1976, Piclou, 1977
Magurzan, 1988).

t=H", - H'y/ V(Var H’, + var H’,)

var H'=[Zpi (lnpi)’ - Tp; In pi* |/ N =(S-1) / 2N°

df = (var H'; + var H',)'/ (Var FP Y/Ny + (var H'2)'/N,

Where, '

H’; , and H'; are Shannon’s diversity indices of the PA and BA.
var H’ = variance of Shannon’s index

pi = Proportion of individuals = ni/N

N = Total number of individuals in the site

Evenness

Hill’s modified index (ES) was used to calculate the evenness. This is expressed

as;
E5 = (L/A-1)/ (¢¥’-1) = (N2-1)/N1-1
Where

E5= Hill’s modified index

y= Simpson’s index = Ep/

B’ = Shannon’s index

N1 and N2 are Hill’s diversity numbers where N1 indicates the number of very

abundant species in the sample, and N2 the number of abundant species in the sample.
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Similarity and difference

The following indices were used to compare the similarity differences of the two
communities:
a. Sorensen’s Index (SD)
SI=2C/A+B
Where,
C= number of species commeon to both sites
A = total number of species in community A

B = total number of species in community B.

b. Euclean Distance

EDy. = VE(X;- X’

Where,

EDjk = distance between comrjnunity jand k.
X;= number of specics in community j.

Xy = number of species in community k

¢. Chord Distance

Chord distance was calculated using CRID measure which:
CRDjk = \Q(l-ccos;k)

ccos 3 = B (XypXp)/ VEX23 xEX250)

d. Overlap method

Overlap figures were drawn manually based on the total number of species
observed in each community and their common species. For this, all the values were
calculated in square roots and square shaped figures were made. The overlapping
portions were coincided. These fipures provide the simple sketch for common species

in both communities.
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Basal Area / Relative Basal Area

Basal Area was calculated using the equation:
BA = (I1d%4)x1/1000

where,

BA = basal area (m”)

[1=3.14156

d = diameter at breast height (cm)

Relative basal area (RBA) of each species was calculated dividing the total basal area of
that particular species by the total basal area of all species.

Community dominance (CD)

Dominance was calculated for both coxﬁmunitics using a community dominance
index similar in form to one deweloped by McNaughton (1968) to describe the
apportioning of sianding crop biomass among the most important species of the
community (Tomkins and Grant, 1977).

CD =(N1 + N2}/ N x100 %

where,

CD = Community Dominance

N1 and N2 are the number of individuals of the most abundant species
N = total number of individuals.

Tree density / Relative density

Density was measured in ferms of numbers of individuals per hectare. The
relative density of each species was calculated dividing the total density of that
particular species by the total density of all species.
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Frequency / Relative frequency

The frequency of each tree species occurred in the transects were counted.
Since the length of each transect was varied, frequency was counted faking a 100 m.
length in each transect. Similarly, relative frequency was calculated dividing the
frequency of the particular species by the total frequency of all species.

Importance value index / Importance percentage

Importance Value Index (IMI) was calculated by adding the three parameters
namely, relative basal area, relative density and relative frequency. Importance
percentage (IP)was calculated dividing the importance value of each species by the total
importance values of all species. Mathematically,

IMI=RBA + FD + RF
1P = (RBA + RD + RF) / Total IMx100

Soil Moisture Content

Twenty one 1 kg soil samples in each month were collected from each site and
the soil moisture content was analysed. The formula used in calculating soil moisture
content was:

% Soil moisture content = (B-C/C-A)x100
where,

A = wit. of polybag (container)

B = wi. of polybag + wi. of wet soil

C = wt. of polybag + wt. of wet soil
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Materials and Equipment (Field)

Compass

- Altimeter

Binoculars

Metal labels

Nails

Bamboo pegs

Measuring tapes (5 m and 50 m)
String

Hammer

Paper, Pencils, Scissors, Knife
Plant press

Plastic bags

35



RESULTS

Species composition and Diversity
Tree and ground flora compesition

The protected area supported a richer ground flora community than the burnt
arca, although the species richness of tree community was very similar in both areas.
The PA also contained slightly more ‘unique’ species, found only there, than the burnt
area. Dipterocarpus obtusifolius var. obtusifolius was the most abundant species
followed by Shorea siamensis var. siamensis in both sites. Two deciduous irees
namely Dipterocarpus tuberculatus var. tubercrlatus and Tristaniopsis burmanica var.
rufescens had a greater occurrence in the BA compared to PA, even though their
percentage contribution was comparatively low. In the PA, Lithocarpus elegans,
Lithocarpus sootepensis, Buchanania lanzan, and Quercus kerrii var, kerrii were

mare abundant.

A total of 130 plant species, with 29 trees and 101 ground flora species, was
recorded from the sampled arcas (Table 3). In both areas, 14 trec families and 36
ground flora families were identified. The majority of the ground flora in the PA was
composed of herbs (70.3 %) followed by shrubs (13.5 %) and vines (12.2 %). Whereas
the percentage composition of herbs, shrubs and vines in the burnt area was 70.1, 16.4
and 11.9 respectivelv. Moreover, 44 % of all species of protected area and 39 %o of
burnt arca were specific to those sites. Moreover, the PA was more diverse than the BA
in terms of genetic diversity as it contained 31 families compared to 27 in the BA
{Appendix 3). Leguminosae, Cyperaceae (Cuperaceas) and Convolvulaceae families
were dominant in the BA whereas Zingiberaceae, and Commelinaceae in the PA. The
number of species belonging to Leguminosac and Cyperaceae families were much
higher in the BA whereas it was replaced by Zingiberaceae, Commelinaceae, and

Rubiaceae families in the PA.
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Table 3. Species composition in the sampled area’

Composition Number  of species”
Total PA BA | % (PA) | % (BA)
Tree spp. (>10 cm dbh) 29 22 (8) 21 (7) 76 72
woody climbers 3 3(2) 1(0) 100 333
Shrubs 14 10 (3) 11(4) 71 79
Vines 10 9(2) g (1) 90 80
Hesbs 74 | 5227 | 471(22) 70 64
Total 131 | 96(42) | 88(34) 74 68

T The number of tree species is based on the transect survey whereas ground flora is based on the
quadrats made along the transects.
2 Figures in parentheses indicate the number of species only found in that site.

Dipterocarpaceac was the dominant family of trees (Table 4). The percentage
composition of individuals of this family was higher in the burnat area (63.58 %) than in
protected area (56.8 %). Dipterocarpus obtusifolius var. obtusifolius was the most
abundant tree species in both the PA and BA, accounting for 37 % and 36 % tree
individuals respectively. Composition of species of Fagaceae ana Anacardiaceac were
higher in PA. Another marked difference noticed between the PA and BA was that
Dipterocarpus tuberculatus var. tuberculatus was completely absent in the PA. The
relative abundance of Tristaniopsis burmanica var. rufescens, Shorea siamensis var.
siamensis and Shorea obtusa was higher in BA, whereas that of Dipterocarpus
obtusifolius var. obtusifolius, Buchanania lanzan, Quercus kerrii var. kerrii,

Lithocarpus sootepensis, and Lithocarpus elegans was higher in the PA.
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Table 4. Composition of major tree species =10 cm dbh in the burnt and protected

areas
Species _ Number of individuals'

Protected site Burnt site

Dipterocarpus  obtusifolius 100 (37.45 %o) 58 (35.80 %)

var. obtusifolius

Shorea siamensis 30 (11.24 %) 22 (13.58 %)

Buchanania lanzan 27 (10.11 %) 9 (5.56 %)

Shorea obtusa 22 (8.24 %) 15 (9.26 %)

Quercus kerrii vat. kerrii 26 (9.74 %0) 15 (9.26 %)

Lithocarpus socotepensis 15 (5.62 %0) 4 (2.47 %)

Lithocarpus elegans 10 (3.75 %) 3 (1.85%)

Craibiodendron stellatum 9(3.37 %) 5 (3.09 %)

Tristaniopsis burmanica var. 2 (0.75 %0) 8 {4.94 %)

rufescens .

Dipterocarpus  tuberculatus 0(0.0%) 8 (4.94 %)

var. tuberculatus

Miscellaneous 26 (9.74 %) 15 (9.26 %)

Total 267 (100.0 %) 162 (100.0 %)

TPercentage figures in parentheses indicate relative dominance of the species.

Basal Area, Tree Density and Community Dominance

Basal area, and tree density (p >10 cm DBH) were both higher in the PA than
in the BA. (Table 5). However, average basal area of trees in aggregate was similar in
both sites. McNaughton’s community dominance index (CD) was practically the same

in both sites. This indicates the higher relative dominance values of two most dominant

species.

Table 5. Percentage and total basal area, tree density and community dominance of

protected and burnt sites
Community statistic Unit Sites
_ PA BA
Basal Area Ha' m’ 22.67 13.95
Tree Density (>10 cm dbh) | no./ha. 685 415
Communify Dominance % 48.7 49.4
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Importance value of major tree species

More than 50 % of the importance percentage, calculated from relative basal
area (RBA), relative frequency (RF) and relative density (RD), was contributed by
Dipterocarpaccae in both sites (Table 6). Importance percentage is a measure of
influence of each species on the forest community. Importance values of Tristaniopsis
burmanica, Dipterocarpus tuberculatus and Shorea siamensis Wetre higher in BA. The
influence of Dipterocarpus obtusifolius was found to be exactly the same in both sites.
Both the relative basal area and relative density of Dipterocarpus obtusifolius were
slightly higher in the PA. Almost all the tree species were evenly distributed in the PA
whereas this was not the case in BA. In the protected area, Shorea siamensis
accounted for 11 % by the density and 19 % by basal area compared to 14 % and 16 %
respectively in the BA.

Table 6. Importance value (IV) of major tree species in the PA and BA

Species Protected Area Burnt Area

RBA | RF | RD | IV | IP { RBA|RF | RD IV | IP
(%)

Diptrocarpus obtusifolius _| 048 | 007 | 037 | 092 | 30.7 047 | 09 | 36 | 92307

Shorea siamensis 019 | 007|011 | 037 123|016 {09 |.14 [ 39]13
Buchanania lanzan 506 10071010 |023]77 |003 |07 |.06 |.16]53
Ouercus kerrii 008 | 007|010 025|83 |008 |07 | 09 [ 24|80
Shorea obtusa 008 1007]008]023|77 [007 |07 |09 }23]77
Lithooarpus sootepensis __| 003 | 0.07] 005101653 | 001 ] .07 | 03 | 1137
Lithocarpus elegans 002 | 007|004]013[43 004 [06 |02 |.12}40

Craibiodendron stellatum | 0002 | 007 [ 003 [ 01240 | 001 |07 | 03 | .11 |37

Tristaniopsis burmanica 0034 1004 | 001 | 005|17 |002 [.06 |05 |13]43

Dipterocarpus tuberculatus | © 0 0 0 0 004 } .06 | .05 |.15(50

(RBA = relative besal area; RF = relative frequency; RD = relative density;
[V = importance value; IP = importance percentage). )
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Species Richness, Diversity, and Evenness

Computed values of different community statistics are given in Tables 7 and 8.
The results failed to show a clear distinction between the protecied and burnt sites. In
PA, irrespective of high species abundance and richness, the diversity index (IH') was
slightly lower than in the BA. However, the values were not statistically different. Also,
individuals were more evenly distributed in the bumnt area.

Table 7. Species richness, species diversity and evenness indices of trees in the burnt

and protected areas
Community statistic Protected Area Burnt Area

Species ﬁchness NO 22 21
Diversity A 0.18 0.17

H' 2.18a 224a

N1 8381 943

N2 5.46 590
Evenness E5 0.57 0.58

a Values of diversity indices of two sites are not statistically different (using t-test).

Similarity and Difference

Similarity and difference indices (Table 8) and the overlap sketch prepared
manually (Figure 9) show a quite similar vegetative composition in the two sites.
However, with the assumption of completely similar sites before the fire protection
activities were initiated 28 years ago, the values indicate a trend towards dissimilarity

developing between two sites.
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Table 8. Computed values of different similarity and difference indices of frees between
burnt and protected areas

Statistic Computed values
Similarity
Sorensen measure (qualitative) 0.65
Difference
CRD 0.24
ED 51.49

Figure 9. Tree species overlap between two sites.

22

PA

Common
species 14

BA
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Size class Distribution

Figure 10 shows a larger amount of regeneration in the PA than in the BA.
Around 73 % of the tree individuals found in the PA were 10-20 ¢ DBH. It further
reveals that very young trees were quite abundant in this site. In the BA, however, only
64 % of individuals were in this category. There was no marked difference in the
distﬁbution of tree individuals in other categories.

Size class distribution of the major tree species are shown in Figures 11, 12, 13,
14, and 15. Resulis reveal that the majority of tree individuals in PA were under 10-20
cm DBH, whereas the percentage distribution of individuals over DBH classes in BA
was found to be slightly even.

Ground flora diversity

Regardless of the significantly lower percentage cover, based on the total Domin
score (t-test, p >0.05), the protected arca supported a greater number of ground flora
species (Table 9). However, the burnt area contained higher species diversity and
evenness indices than the protected area. Nevertheless, the species diversity index was
not significantly different (t-test, p >0.05).

Table 9. Ground flora diversity, richness and Evenness in the protected and bumnt areas

Community statistic Protected area Burnt area
Species richness N0 74 : 67
R1 12.49 10.298
398 291
Diiversity A 0.812 0.553
H' 3.401a 3477a
Nt 30.207 3237
N2 12316 18.080
Evenness E5 ‘ 0.387 0.544
Total Domin Score TDS 349.5 505.0
T-test (P>0.05).

42




806

mPA
BBA

.10-20 20-30 30-40 »>40
DBH class (cm)

Figure 10. Size class distribution of trees >10 cm DBH in the study area.
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Figure 11. Size class distribution of Dipterocarpus obtusifolius Teijsm.
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Figure 12. Size class distribution of Shorea siamensis in the study area.
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Figure 13. Size class distribution of Shorea obtusa in the study arca.
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Figure 14. Size class distribution of Buchanania lanzan in the study

arcas.
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Figure 15. Size class distribution of Quercus kerrii var. kerrii in the study areas.

45




Similarity and Difference

The ground flora community composition were more dissimilar between two
sites than that of trees. Figure 16 shows the simmilarity and dissimilarity of species
between the two communitics. The overlapping portion of the figure indicates the
number of species present in both communities. Sorensen's similarity index was 0.53

compared with 0.65 in the tree community.

Figure 16. Common ground flora species between PA and the BA.
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Frequency and Abundance score

In both sites, very few species were dominant in terms of their frequency and
abundance scores, Themeda triandra Forssk. (Gramineac) was the most frequent and
l'ﬁghl}f abundant in both sites followed by Globba schomburghkii Hk.f. (Zingiberaceae)
in the BA and Scleria lithosperma var. lithosperma (Cyperaceae) in the PA. The most
frequent and highly abundant species in both sites are given in Table 10.

Table 10. Ground flora species with high abundance and frequency scores in the study

areas.

Species Av. Domin Score’ % Frequency

PA BA PA BA

Themeda triandra 83 72 81 86
Uraria lacei - 15 - 20
Scleria  lithosperma  var. 14 18 33 48
lithosperma
Scleria levis - 19 - 43
Abrus precatorius 10 10 52 43
Globba schomburgkii - 32 - 52
Globba reflexa 8 12 24 33
Dunbaria longeracemosa - 22 - 57
Aristolochia kerrii 7 - 33 -
Curcuma zedoaria - 18 - 52
Lygodium flexuosum 9 - 29
Scutellaria glanduolosa i0 - 48 -
Muwdarnia loureirii 8 - 24 -
Desmodium laxiflorum ssp. 8 ~ 29 -
laxiflorum

1. Average of Total Domin Score of July, September and November. The blank (-) does not mean that the
species is absent in the site. It indicates the species does not fall within the nine maximum abundant species.
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Visual Observations

Denser vegetation in the upper canopy was observed in the proteced arca
compared to sparse vegetation in the burnt area through out the study period. Also,
morc saplings were comming up in the protected area. Three distinct canopy covers,
saplings, middle aged and mature/overmature trees, could be seen in the protected area
compared to two canopy covers, middle aged trees and overmature trees in the bumt

arca.
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Soil properties

Protection of forest from fire had no significant effects on all the physical and
chemical properties of soil, except available phosphorus and soil temperature (Table 11)
which were higher in the BA. Field capacity greatly varied among plots within both
sites. The degree of variation, standard error of the mean, in the PA was slightly higher
than in the BA. In the PA, sampling plots of higher field capacity were in the upper part
of the study site (i.c. at the higher altitude) with medium slopes, however this was not
the case in the BA |

- Table 11. Chemical and Physical Properties of the Soil in the Protected and Burnt Sites

Soil Characters Unit Mean *

Protected Area (PA) Burnt Area (BA)
pH - 585 %013 35.72%£0.04
Field capacity % 1708+ 0.72 1731 £ .67
Organic matier % 3.08+ 020 283+0.26
Total nitrogen Y% 0.14 £ 0.01 £.13 +0.01
Available phosphorus PP 13.03°+ 0.32 16.90° +1.33
Available potassium ppm 144,38+ 13.76 13175 £%.47
Temperature °C 26.14°+ 0.15 27.19° +0.26
Texture

Sand % 54.02+ 1.43 59264220
Sikt % 16.16+ 0.66 1773+ Q.85
Clay % 1981+ 1.03 2253 £197

* Average of twenty-one samples % standard error of the mean
b Significant difference between protected and burnt sites (t-test, p < 0.05)

In the PA, phosphorus was relatively stabie over the areas, whereas soil
emperatures were higher in the lower part of the study area, and relatively constant in
the upper parts, Average moisture content was significantly higher in the PA m all the

months, from June to December except in September (Figure 17).
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Figure 17. Average soil moisture content over the study period in the BA and the PA.
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Tree phenology

Leaf abscission and leaf flushing

The majority of species (75 %) observed in both sites were deciduous and
dropped their leaves during the drier part of the study period. Some of the specics were |
tropophyllous, species which have very short duration between feaf shedding and leaf
flushing. They included Quercus kerrii var. kerrii, Tristaniopsis burmanica (Griff.)
Wils. & Wat., var. rufescens, Rothmania sootepensis (Craib) Brem. (Rubiaceae) and

Castanopsis diversifolia King (Fagaceae).

The mean community scores for senescent leaves in November and December
were significantly higher in the burnt arca than in the protected arca (Mann Whitney U-
test, p > 0.05). Moreover, the protected arca also retained more young leaves until the
early rainy season (Figure 18). Bare canopy scores were highest in May in both sites.
At the community level, both the highest bare canopy and young leaves scores were in
May in both sites. Leaves appeared senescent after October. The lowest scores for bare
canopy were recorded in September in PA, and in July in BA. Leaf flushing and bare
canopy scores after the end of the rainy season, however, were quite similar in both

sttes.

The leafing periodicity of 8 of the commonest species is illustrated in the figures
19-26. These figures show a trend of highest scores of bare canopy and young leaves at
the end of dry season, and lowest at the peak of the rainy season. These figures also
show that fire protection increased the retention of leaves longer into the dry season and
resulted in a higher proportion of leaf flushing during the late dry season or early rainy
season in the case of Shorea siamensis var. siamensis. and Craibiodendron stellatum.

However, this was not the case with the other species.

A striking difference between PA and BA was noficed in the timing of leaf
abscission of Shorea siamensis (Figure 22). It was roughly estimated that two thirds of

the Shorea siamensis canopies in the burnt arca were bearing senescent lcaves,
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compared to half of the total canopy cover in the protected area in the first week of
February. Young leaves of Lithocarpus elegans in the PA had higher community
scores than the scores in BA throughout the study period, except in October (Figure
26). '

Flowering and fruiting

No distinct differences in the timing of Howering and fruiting patterns of species
between the PA and BA were found. However, a difference in the intensity of these
patterns was clearly observed (Figure 27). The BA had a higher community scores for
flowering in May with the lower scores of fruiting in that month compared to the PA.
However, this was reversed in December. Similar patterns of flowering and fruiting
were observed in both sites during the rainy season. Peak levels of flowering occurred
in May in both sites. The BA had more species in flower during the eight months of
study period. Ten of the 15 species flowered in May. The lowest number of species

flowering was observed during the peak rainy season {Table12 ).

Two peak seasons of flowering and fruiting were obsefved (Figure 27), i.e. pre
and post rainy season. Highest scores for flowering were in May and in November,
whereas the highest scores for fiuiting were in June and December. No significant
differnces between the community scores were observed {(Mann Whitney, U-test p >
0.05). Flowering and fruiting behaviour of Diptemcarpﬁs obtusifolius  var.
obtusifolius, Quercus kerrii var. kerrii, Craibiodendron stellatum, Lithocarpus
sootepensis, and Lithocarpus elegans were highly S}mchrondus. It was clearly
observed in Dipterocarpus obtusifolius var. obtusifolius (Figure 28). Two peaks of
fruiting were observed in Buchanania lanzan, Craibiodendron stellatum, Lithocarpus
sootepensis in both sites. Flowering peaks were followed by fruiting peaks in all the

cases, Maximum number of trees bearing fruits was in June (Table 13).
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Figure 18. Leafing phenology of trees at community level in the study areas.
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A. Dipterocarpus obtusifolius var. obtusifolius in the PA.
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Figure 19. Leafing phenology of Dipterocarpus obtusifolius var. obtusifolius in the
study areas.
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A, Buchanania lanzan < PA
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Figure 20. Leafing phenology of Buchanania lanzan in the PA and the BA.
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A. Shorea obtusa in the PA
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Figure 21. Leafing phenology of Skerea obtusa in the study areas.
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A. Shorea siamensis var. siamensis in the PA.

100%
90% -
80% -
70% -
609 -
50% -
49%
30% -
20% -

Mean score

=

May

June

Aug. Sept.

Month

B. Shorea siamensis var. siamensis in the BA.

Mean score

June

July

Oct.

B Senescent
O Mature

W Young

il Bare

E Senescent
OMature

| Young

M Bare

Figure 22. Leafing phenology of Shorea siamensis var. siamensis in the study

areas,
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A._ Craibiodendron sreellatiem in the PA.
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Figure 23. Leafing phenology of Craibiodendron stellatun in the study areas.
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A. Quercus kerrii var. kerrii in the PA.
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Figure 24. Leafing phenology of Quercus kerrii var. kerrii in the study areas.
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A. Lithocarpus sootepensis in the PA. -
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Figure 25. Leafing phenclogy of Lithocarpus sootepensis in the study areas.
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A. Lithocarpus elegans in the PA.
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Figure 26, Leafing phenology of Lithocarpus elegans in the study areas.
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A. Protected area.
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Figure 27. Flowering and fruiting periodicity of trees at community level.
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A. Dipterocarpus obtusifolius var. obtusifolins in the PA.
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Figure 28. Flowering and fruiting phenology of Dipferocarpus obtusifolius var.

obtusifolius in the study areas.
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Flowering phenoclogy of trees

Table 12. Flowering phenology of tree species in the study arca.

W.W. Sm.

Dailbergia dongaiensis Pierte
Gardenia sootepensis Huthch.
Gluta usitata (Wall.) Hau

Ochna integerrima (Lour.) Merr,

Tristaniopsis burmanica (Grift.)
Wils. & Wat,

Canarium subuiatum Guill.
Wendlandia tinctoria DC.
Garcinia cowa Roxb.

Anneslea fragrans Wall.

Vitex limonifolia Wall. ex Kurz.

O B D
OO k= b LI b

S W e O
il L v

Tree Species No. of | Months during which flowers were
trees observed
observe '
d
PAIB | M| J/J/AIS{O N | D
A
Dipteracarpus obtusifolius Teijsm. | 100 | 58 | * S I S
ex Miq.
Shorea obtusa Wall. ex Bl. 22 15 *
Buchanania lanzan Spreng. 27 |9 | *
Quercus kerrii Craib. 26 |15 | * | *
| Craibiodendron stellatum (Plerre} | 9 LI I b R Bl B s

* * *
*

E b3
*
e
*

* *
4 % | o

* *

Total species flowered each
month

s
101312121313 |6 |5
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Table 13. Fruiting phenology of tree species in the study area.

Tree Species No. of trees | Months during which fruits were observed
observed
PA|BA| M|JIJ| A | SO N D
Dipterocarpus obtusifolius 100 | 58 ¥ *
Teijsm. ex Miq.
Shorea obtusa Wall. ex Bl. 22 is5 R
Quercus kerrii Craib. 26 |15 o (v
Craibiodendron stellatum 9 5 S Bl R R
(Pierre) W.W. Sm.
Datlbergia dongaiensis Pierre, 0 2 * * *
Gluta usitata (Wall.) Haa. 1 3 A e *
Ochna integerrima (Lour.) Merr. | 0 1 N
Tristaniopsis burmanica (Griff.) 2 8 X
Wils. & Wat.
Canarium subulatum Guill. 2 0 1
Anneslea fragrans Wall. 3 1 3
Vitex limonifolia Wall. ex Kruz | 9 1 ¥
Dipteocarpus tuberculatus Roxb. 0 8 *
Antidesma acidum Retz, 1 0 o
Terminalia mucronata Craib & 2 O e
+ Hutch. _ . 2 5 % | x| %
Dalbergia fusca Pierre 3 1 *
Aporusa villosa (Lindl.) Baill. 10 3 | % N
Lithocarpus elegans (Bl.) Hatus.
Lithocarpus sootepensis (Craib) i5 4 o s |
A. Camus
Xylia xylocarpa (Roxb.) Taub. 0 1 ® "
var. kerrii *
Gardenia sootepensis Hutch, 1 3 "
Total no. of species bearing 15 17 7 18|7 |5 5 |6 |6 6
fruits
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DISCUSSION

Species Composition and diversity

The greater tree population density in the protected area was a direct
consequence of fire protection. The protected area confained 25 % more individual -
trees than the bumnt area. Alsoe, it has more young trees of DBH 10-20 cm category
than in the burnt area. This suggests that forest fire protection decreased the Killing or
damaging of trees, which ultimately leads to increased productivity and organic matter
in soil, thus more favorable conditions for growing. This result also supports the
findings made by Naidu and Sribasuki (1994) that young plants are more badly affected
by fires than mature ones.

Despite a significantly higher tree population density in the PA, the percentage
of tree species in both areas was quite similar. However, both areas contained
significant percentages of ‘unique’ species which accounted for 36.4 % in the PA and
33.3 % in the BA. Among the common species found in both arcas, evergreen or
tropophylius trees were more common in the PA, and deciduous trees in the BA, with
the exception of Dipterocarpus obtusifolius var. obtusifolius which dominated both
areas. Trees of Dipterocarpaccac family were more abundant in the BA whereas
Fagaceae and Anacardiaceac were more abundant in the PA. The Dipterocarpaceae
family accounted for 64.6 % of trees in the BA but only 57 % in the PA. Buchanania
lanzan, Quercus kerrii var. kerrii, Lithocarpus sootepensis, and Lithocarpus elegans
had higher relative dominance in the PA. Similaly, Tristaniopsis burmanica var.
rufescens and Shorea obtusa had higher dominance in the BA. This suggests that
conditions in the protected arca favored evergreen or tropophyllous frees. This
statement is also supported by the ‘importance values'. Meng (1997) also observed
more tree scedlings of Fagaceae family in the PA.
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Another striking feature noticed during the study was that no individuals of
Dipterocarpus tuberculatus var. tuberculatus greater than 10 cm DBH were found in
the PA. However, a few emerging coppicing shoots were seen. This observation agrecs
with a statement made by Barﬁngton (1931) in a study of forest in Burma that "...
protection encourages an evergreen undergrowth which prevents the reproduction of
Dipterocarpus tuberculatus var. tuberculatus and would obviously change the

consociation to a moister type”.

Fire protection seemed to have more impact on the herbaccous community than
trees. Almost half of the ground flora species recorded were specific to cach site. The
majority of herbaceous species in the PA were typical of moist conditions and some
species found in the burnt area are fire resistant. Phoenix humilis Roy. var. humilis
(Palmae) and Pennisetum pedicellatymn Trin. (Gramineae) are typical examples.
Although the total Domin score in the BA is much higher than in the PA, there was no
significant difference in the species diversity index. This was probably due to the
dominance of a few species rather than the even distribution of species. Themeda
triandra Forssk. (Gramineac), and Globba schomburgkii (Zingiberaceae), Scleria
lithosperma (L.)Sw. ssp. lithosperma (Cyperaceae) were among the dominant ground

flora species in both areas.

The presence of certain species in only one site gives an indication of possible
fire protection effects. For example, the presence of some of the ground flora species
such as Hedvotis tenelliflora B. var. tenellifiora (Rubiaceae}, Pouzoizia hirta Hassk.
(Urticaceae), Centotheca lappacea (L.) Desv. (Gramineae), Kaempferia rotunda L.
(Zingiberaceae), Globba muda X. Lar. (Zingiberaceae), Barleria strigosa Willd.
(Acanthaceae), Cyriococcum oxyphyllum (steud.) Stapf (Gramineae), Cymbidium
aloifolium (1..) Sw.( Orchidaceae), and Dioscorea buibifera L. (Dioscoreaceag) only in
the PA and complete absence in the BA indicates the PA to be more favoured by
certain species. Previous studies (CMU, Herbarium Data Base, 1996; Phuakam, 1995)

stated that these specics are typical specics of shady and muoist areas of mixed
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deciduous+evergreen forest. Similarly, the presence of Phoenix humilis var. humilis,
Argyreia capitiforrmis (Poir.) Oost. (Convolvulaceae), Blumea lacera (Burm. £.) DC.
(Compositae), Capillipedium parviflorum (R. Br.) Stapf (Graminae), Pennisefum
pedicellatum Trin. (Graminae), and Polvioca digitata (1.£.) Diuce (Graminae) in the
BA and completely absence in the PA implies a diffeerence in species composition
between the two sites. Moreover, the CMU Herbarium Data Base and Phuakam (1995)
mentioned these species to be characteristic species of DOF. Particularly, Phoenix

Bumilis var. humilis (Palmae) is well known for its typical fire-resistant characier.

Species diversity indices for both trees and ground flora failed to show a clear
distinction between the two forested areas. This was because of the dominance of only
a few species in both arcas. Howcvé;, the number of individuals of trees in the PA and
percent cover (Domin score) in the BA were distinctly higher. Also, this is a typical
example of the failure of species diversity indices. The protected area was richer in both
tree and ground flora species which indicated that the PA was more diverse than the
BA. Furthermore, the PA was richer in ground flora compared to tree species. This
suggests that protection had a more pronounced effect on the ground flora community,
particulasly with herbs. This is the reason why Sorensen's similarity index was lower for

the ground flora communities than for the tree communities.

The lower diversity index in the PA despite higher species richness was due to
the less ground cover. This condition indicates more species, but more rare cases. This
was probably due to less area exposed to sunlight in the PA. This follows the
ecological principle that diversity enhances stability. Hutchinson (1959) explained that
when species are added to a community it involves taking over part of the niche of a
species already present. That reduces fluctuations in the population of the later and
keeps it from “being underrepresented to a dangerous degree”. Therefore, despite a
high Domin score, the BA was less stable and was at high risk of species loss.

The reason behind the higher number of Leguminosae and Convolvulaceae
species may be due to heat generated by fire which works as a stimulus for seed
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The reason behind the higher number of Leguminosae and Convolvulaceae
species may be due to heat generated by fire which works as a stimulus for seed
geimination. Bewley and Black (1982) and Mirov (1936) reported that seeds of many
species in several families (e.g. Leguminosae, Malvaceae, Sterculiaceae, Cannaceae,
and Convolvulaceae) have a form of dormancy enforced by an impermeable seed coat.
The hard seed coat must be broached somchow, if germination is to occur. Similaﬂy,
the higher influence of fire on herbs and vines than on shrubs and woody climbing
species implies a possible relationship between fire and growth and development of
plants. Wheelén (1995) rcported that dormant plant tissues that are in a dehydrated
state can tolerate mmuch more severe heat than can tissues that are metabolically active
~ and fully hydrated. As compared to shrubs, herbs are more sensitive to heat
disturbance. Herbs are less rigid and have more water per unit area in their parts. This is
the reason that they arc more ecasily affected by fire. Furthermore, shrubs and tree
specieshave bark, so that the time taken for cambial cells to reach a lethal temperature
during the burn is longer than in the epidermis of herbaceous plants (Wheelan, 1995},
However, some ground flora species (e.g. Phoenix humilis var. humilis) are fire
resistant due to their resprouting capacity. Elliott (1991) argued that artificial watering

might favour perennials more than annuals, which does not coincide with my results.

Soil Properties

The Average soil temperature and phosphorus were both higher in the burnt
area than in the PA. Higher phosphorus was probably due to the release of phosphorus
from plant materials after burning, This result coincides with those of Ramakrishnan
and Toky (1981). Lambert and Amason (1989) also reported that available phosphorus
and exchangeable potassium were significantly lower in an unburned plot than in a
burned one. In my study, the lower value of phosphorus could also be associated with

the greater density of trees which absorbed more phosphorus from the soil.

69



After burning, the forest ecosystem loses iis ability to hold nutrients. Large
losses occur through volatilization of carbon and mitrogen during burning leading to
reduction in the quantity of these elements in the surface soil (Ramakrishnan, 1989). In
my sfudy, however, no significant changes in nitrogen and organic matter content were
recorded. This might be due to recovery of these soil propertics during the unburned
period, as the frequency of fire in the present study area was once every three years.
The recovery in soils in BA occurs parily from the addition of organic maiter through
plant biomass ( leaves, twigs, etc.) and rapid nitrogen fixation by soil microbes. No
significant differences in nitrogen level might be due to the recovery of the available
nitrogen originally lost during the burn. This is because accelerated microbial activity
follows a rise in soil temperature of the surface soil, which enhances nitrogen recovery
(Ablgren and Ahlgren, 1965).

It seems that 28 years 3s still not enough time to produce significant changes in
soil properties. Ramakrishnan (1984) mentioned that a 10 year cycle for slash and bumn
agriculture is the shortest possible time to recover the soil nutrients, More deciduous
trees with a fast turover of leaves is an added advantage to recover nutrient losses m
the BA. However, species composition, leaching, run-off, soil moisture, and other
physiographic conditions have é major role in determining the period of recovery. -
Temperature has a pronounced effect on the mineralization of organic matter (Wild,
1989).

The higher soil temperature in the BA is due to the more exposed conditions
compared to the PA. The average soil moisture content was slightly higher throughout
the study period in the PA mainly due to the closed canopy, high organic matter, and
consequently low evapo-transpiration rate. Soil temperatures following a burn are
influenced by an alteration in the insulating capacity of the litter layer and heat
absorption pattern of the soil surface layer as a result of a dark ash deposit (Prichett
1979). The effects of forest fires on the physical, chemical, and biological properties of
soils are directly related to the intensity and duration of the burn. Prichett (1979)
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reported that fire drastically speeds up the process of oxidation and some of the mineral
nutrients released are dissolved after rain and rapidly leached into the soil. Thus, the ash
deposit from a fire increases available phosphorus, potassium, caicium, and magnesium.

Phenological patterns

A marked difference in leafing periodicity between the PA and the BA was
observed in October, November, and December at community levels. In both sites, an
increasing trend of senescent leaves was observed. The mean community scores for
senescent leaves in these three months were much higher in BA than in the same period
in the PA. It shows that fire protection increases the retention of leaves longer in the dry
season and results in a higher proportion of leaf flushing dusing the late dry season or
early rainy season. Shorea siamensis var. siamensis has followed this trend. However,
this result contrasts with Paonsapanh (1994) who reported that irrigation had no effect
on leafing phenology of Shorea siamensis in DOF at Huai Hong Khrai, north of
Chiang Mai. Nevertheless, Beard (1994) found that at a dry forest site, trees lost their
leaves in the dry séason at a faster rate than those in a moist deciduous community.
Young leaves of Lithocarpus elegans in the PA have higher community scores than the
scores in the BA throughout the study period, except in October.

No distinct differences in the flowering and fruiting patterns of species between
PA and BA were observed. However, differences in intensity of phenophases were
clearly noticed. In May, flowering scores in the BA were much higher than the fruiting
scores, compared to these patterns the PA. It shows that either burning decreased the
vigour of fruiting of trees or trees in BA bore fruits earlier during the dry season.
However, the gap of flowering and fruiting scores is slight in December, during the
early dry season. The causé of early and intense flowering in the BA may be closely
related to mcreased productivity afier fire.
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The peak level of tree flowering was in May and fruiting in December in both
sites. This result coincides with Elliott ez al (1994). Two peaks of flowering and
fruiting were observed in both areas. This might be due, in part, to differences in the
natural timing of fiuiting between wind dispersed and animal dispersed species (Eliott
et al. 1994).

Tree density, soil moisture and phenology

In this study, the average soil moisture content, organic maiter and tree density
were higher in the PA. Greater density of deciduous trees in the PA adds more leaf
litter and organic matter to the soil. Neal et al. (1965) suggested that the fire reduces
the content of organic matter and, therefore, decreases its moisture-holding capacity.
Mallik (1986) found that water content in the top 2 cm of soil generally decreased in
response to buming, The higher soil moisture content, lower soil temperature and
greater tree density in the PA helped trees retain their leaves longer during the dry
season. In such conditions, the ground surface is less exposed to sunlight and there will
be less evaporation. Trees in the PA will get water longer during the dry season than the
trees in the BA. Also, trees in the BA get more heat from fire during buming. All these
factors coniribute to the phenological differences between the two sites. The distinct
phenological changes observed mainly in May and December (which indicates greater
effect in the dry season) were due to higher effect of these factors in the dry season

than in the wet season.
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CONCLUSIONS AND RECOMMENDATIONS

Based on the results and discussion, the following conclusions are made:

1. The greater influence of evergreen or tropophyllous trees and the presence of some
shade-foving herbaceous flora in the protected arca suggest that the forest environment
in the protected area was favored by plants associated with a mixed evergreen +
deciduous forest. However, no distinct differentiation was observed. Hence, the
hypothesis that prolonged protection of forest from fire changes the species
composition of the plant community to be more characteristic of a mixed evergreen +
deciduous forest was only partially proved. In order to know whether the presence of
certain shade demanders was due to changes in the local environment or chance,

detailed studies in different physiographic conditions are needed..

2. The higher tree density and more young trees of 10-20 cm DBH category in the
protected area adds supports to the idea that the fire protection decreased mortality and
damage to itrees which ultimatcly leads to more favorable conditions for different
species to grow. However, species diversity indices failed to show a clear difference
between the two sites. A distinct change was apparent with field observations. The
protected area was very dense with saplings, had a three layered canopy, and had
moister soil compared to the sparse vegetation, mostly two layered canopy and dry soils
most of the places in the BA. Thus, the hypothesis that there will be less disturbance
effects, and consequently higher plant diversity after the fire protection was supported.
However, this statement should be verified with detailed studies with different levels of

disturbances and in different areas.
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3. Soils in the protected area retained slightly higher soil moisture content, but the study
failed to demonstrate anyv changes in soil nutrients. Leafing phenologies of certain
species were greatly altered. In the burnt area, the fruiting scores for May were much
lower than the flowering scores, compared to little difference in the protected arca.
Burning seemed to affect the fruiting capacity of some of the trees. Therefore, the
hypothesis that the protected area will have more soil moisture with altered phenological
characters seems to be true. However, the changes in leafing, flowering and fruiting
periodicity might be due to different species in those sites, and not because of fire

protection.

4. Finally, it can be concluded that the existing deciduous dipterocarp-oak forest of
lower density could regrow into dense, semi-deciduous forest if fires were eliminated
(Figure 29). The hypothesised mechanism proposed for this study can now be modified
(Figure 30):

5. Overall, considering all these points, both guantitative as well as qualitative, fire
protection in DOF in Doi Suthep-Pui National Park is recommended. In order to
understand whether the observed changes are due fo chance or purely from the
protection effects, further studies focusing on similar parameters in different

physiographic conditions with replications are suggested.
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Lowland seasonat Deciduous forest

Precipitation: 1000-2000 mm/Year

4-6 months of dryness
< 800 m elevation

Stage A Dense, semi-deciduous forest' with the majority
of Dipterocarpaceae, Fagaceae, and Anacardiaceae.

A

Selective logging Fire protection

Fire

1
DCCidUE)US dipterocarp-oak forest of lower density (with the

28 Years before majority of Dipterocarpaceae, Fagaceae, and Anacardiaceae

species)
DPA Fire (every 1-3 years) | Fire protection

D BA
At present |

‘ Open deciduous dipterocarp-oak forest; and scrub’

(majority of trees are Dipterocarpaceae and less number of

Anacardiaceae and Fagaceae)

! Term suggested by Blasco (1983). I F. Maxwell (Pers. comm., 1997) opines that the
original forest was a primary deciduous forest dominated by Tectona grandis L. {.
(Verbenaceae, Teak). The stage A indicates the recent past, upto 30-30 years before the fire

protection activity started in the site.
? Open DOF leads to scrub, if the bumning contiriues.

Figure 29. Fire maintained forest ecosystems in the lower elevations of Doi Suthep-Pui

National Park, northern Thailand.
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Forest fire protection
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Figure 30. A modified mechanism of the effects of forest fire protection from the
hypothesised mechanism originally proposed before the study initiated
(Ref. Figure 2).
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APPENDIX 1. List of tree species found in the study areas.

S.NO. SPECIES FAMILY STATUS
1 Albizia odoratissima (L.£) Bth. | Leguminosae, BA
Mimosoideae
2 Anneslea fragrans Wall, Theaceae PA, BA
3 Antidesma acidum Retz. Euphorbiaceae PA
4 Aporusa villosa (Lindl.) Baill. Euphorbiaceae PA. BA
5 Buchanania lanzan Spreng, Anacardiaceae PA, BA
6 Canarium subulatum Guill. Burseraceae PA
7 Castanopsis diversifolia King Fagaceae PA
8 Catunaregum tomentosa (Bl, ex | Rubiaceae PA
DC.) Tirv.
9 Craibiodendron stellatum Ericaceae PA, BA
(Pierre) W. W, Sm.
10 Dalbergia dongaiensis Pietre 1 eguminosae, PA, BA
Papilionoideae
i1 Dalbergia fusca Pietre Leguminosae, PA, BA
Papilionoideae
12 Dipterocarpus obtusifolius Dipterocarpaccac PA. BA
Teijsm. ex Miq. var. obtusifolius
13 Diplerocarpus tuberculatus Dipterocarpacéae BA
Roxb. var. tuberculatus
14 Eugenia albiflora Duth. ex Kurz | Myrtaceae BA
15 Gareinia cowa Roxb. Guttiferrae PA
16 Gardenia sootepensis Hutch. Rubiaceae PA
17 Gluta usitata (Wall.) Hou Anacardiacecae : PA, BA
18 Lithocarpus elegans (Bl.) Hatus. | Fagaceae | PA, BA
ex Soep.
19 Lithocarpus sootepensis (Craib) | Fagaccae PA, BA

A. Camus
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20 Ochna integerrima (Lour.) Merr. | Ochnaceae BA

21 Quercus kerrii Craib var. kerrii | Fagaceae PA BA

22 Rothmania sootepensis (Craib) | Rubiaceae PA
Brem.

23 Shorea obtusa Wall. ex Bl Dipterocarpaceae PA, BA

24 Shorea siamensis Miq. var. | Dipterocarpaceae PA, BA
siamensis

25 Terminalia mucronaia Craib & | Combretaceae PA
Hutch.

26 Tristaniopsis burmanica (Griff.} | Myrtaceae PA, BA
Wils. and Wat. var. rufescens

27 Vitex limonifolia Wall. ex Kurz Verbenaceae BA

28 Wendlandia tinctoria DC. ssp. “Rubiaceae BA
orientalis Cowan

29 Xvlia xviocarpa (Roxb.) Taub. | Leguminosae, BA
var. kerrit Mimczoideae

L PA = Protected area

BA = Bumt area




APPENDI‘{ 2 Ground ﬂora specnes recorded in the studv area l

S pe(:les . ’Famlly Status Remarhs

Abm.s precatorms L ichummosac PapﬂwnmdaerBA PA

Adzantum 70[Imgerz \Aett €x huhn. Parkeriaceae BA PA

Aganosma margmata (Roxb ) G D(m “‘.Aptocmaceae S BA

LA morphophalius lonqu‘uberosus (Enal) En:,l & Gf Araceae ﬁB;g
Am0?’phopha”u.s-'“'\;;r.i;?anens15 Engl : Araceae PA R
Andropogon ékm%amts (Nees )\/Icrr - MTGrammeae T o IR BA T
Aneilema herbaceum Wa]l e CL e .—Commehnaceae SN PJ; o
.»lnndesmizraczdum Retz o & rlz,uphorbmceae K~ PL\
applzeda mutzca L. YA ”‘.Grammeae o BA PA.

Ardisia crenata Slms var. crenata \I}rsmaccae - WB~\, P~\ Cw

' -ngxre:a cap:t:formzs (Pmr ) Oost O %(,omol'\mhceac BA

| dristolochia Aerr:: Cra1b > ;Anstolocmaceaemmmm BA,PA -

Arundmella satosa Trm var. satosa ;Grammeae BA *

Barleria cris tata L. ‘ Acanthaceac PA . *

Barlerm strigosa wmd O VS P
Blumea lacera (Burm f)DC e e G BA

Boesenberg;a "Ot””da (L)MﬂﬂSf = ;chlberaceaé BA PA .
Br evnia fr ZUIICOSG‘ (L) ka Y .:Euphorblaccac “-’BA., PA

C'apzllzpedmm parv:ﬂorum (R br) Stapf ;Grarmneae iBA ; *

C eiastr us pamculatus Willd. :Celastraccae | BA

Cem‘oss‘eca lappacea (L.) Desv ‘Gramineac ‘PA *

Cheilanthes tenuifolia (Burm. f ) SW 'Parkcnaceae ';BA PA

C’hlorophvtum intermedium Cralb -Llhaccae - BA, PA

Colocasia esculenta L. Schott Araceae EBA ‘
Commelina di ﬁ‘izsa Burm £ 'Commehnaceae lBA PA
Croz‘olarza albzda Hey ex Roth ELegummosae

Crotolana nerqfoha Wall ex Br_h I eguminosae
(,urcuma "edoana (Berg ) Rosc :nglbcraceac
Cyanotrs cristata (L ) D Don. Gramineaae =

(;VI?IbIdIHH’I a]o;folzum (L ) SW S (:);'Cilidaceae O ' L

Cvrtococczmz oxyvphylum (Steud) Stapf ;Gram.tneae

Dendrobmm crystallinum Rehb. f. q;Orcludaceae

Desmodium flexuosum Wall. ex Beth. gLegummosae “
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Desmodium heterocarpon. (L.) DC ssp. hetercLeguminosae | BA

Desmodium laxiflorum DC. ;L,egtitrlinosae BA, PA. ----------
Desmodium motorium (HoutT.y Merr. Le:gummosae :BA, PA
Desmodium oblongum Wall ex Bth. ie@mmosae BA

Desmodum het.erocarpon (L.) DC var, angu&Legurmnosaew B‘\,PA.
Dioscorea bulb:fera L D10sc0reaceae PA N )
Disporum ca]carazum Wall ex. Don o Llhaceae BA :
Bunbarza Iongeracemosa Cralb Leourmnosae

Ellzpea cherrevenszs P;erre ex Fin. & (_ragnep Annonaceae . ; "

Erythro.xylum cuneczz‘um Mig. I\UIZ. fLeguminosae 3A, |

s quadrmewm e e D), Grmcae
Eulalzopszs binata (Retz ) CE Hubb, EGramjneae BA
Eupatorzum odoratum L. ‘Compositae éBA, PA’
Fimbristyllis dichotoma (L )Vahl ) VMM_Cypelj;éé—ae Y BA
Flemingia sootepensis Carib giégunﬁnosac BA _
Globba nuda K. Lar. “Zingiberaceae PA |
Globba reflexa Craib %Zingiberaceae BA, PA '
Globba schomburghii HEK.E, Zingiberaceae BA, PA |
Grewia lacei Drum. & Craib E:Ti]iaceaae BA, PA
Hedyotis tenelliflora Bl. var. tenellifolia éRubiaceac PA )
Heteropogon triticeus (ABS(number)R Br) Gramineae PA
Heteropogon triticeus {R. Br.) i(3:1'aminvf:ae ‘PA

Hibiscus glanduliferus Craib ;(30nvoiwﬂaceae BA

Hypoxis aurea Lour. %Hypoxydaceae )_P A |

Irula cappa (Ham.ex. D.Don) DC. forma capj Compositae 1P A '

Irula indica (L.) éC;)mpositae PA,BA

Ixora cibdela Craib %Rubiaceae PA
Kaempferia rotunda L. Zingibearaceae PA -
Leea indica (Burm. F.) Merr. Leeaceae PA !
Linostoma persimile Craib ‘Thymelaceae BA, PA
Lygodium flexuosum (L.) Sw. Schizaeaceae PA, BA |
\Micromelum minutum (Forst. 1) Weight & Ar Rutaccé;—- PA i
Millettia extensa (Bth.)ex Baker éLeguminosac PA

Murdannia loureirii (Hans.) Rao & Kam. | Commelinaceac PA, BA
Murdannia scapifiora (Roxb.) Roy. Commelinaceae PA, BA |
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Ophzopogon brevzpes Cralb

Osbeckm chznens1s L. var chmem‘:s

Paederta W ai’lrci;;rz Hk f

Pamcum }zoratum Retz
Pawztta pet:olam W all ex Cralb

Pennisetum pedzcellatmn Trm

Phoem. hzmzzlzs Roy var. humzlzs
Polyga!a longdoba Pou'

Pouzol ia h;rfa Hassk

Premna heréaceae Roxb

Premna nana Coll ‘- & ﬁemsl

ngvﬁcospora rubra (Lour) ﬂfak

Schuaclnrumz sangumezzm (Retz ) Alst

Sclena Aerm Turr

_lf{ywpvrum smtlacgfolm {(Wall.) Bl. var, smzlaczfoh Commchnaccac
Liliaceae PA
“.‘:‘Mclastomataceae PA

” :Rublaceae R

Plece‘ramhus glabratu.s Bth Alst S
Polvtoca dzg:taz‘a (L f ) Druce
Pseudc;pogonatherum contortum (] (Brongn ) A CarGrammeae - lpa
Sauropus bicolor Craib var, bzcolor

‘(Gramineac

: Cvpcraceac

OO S SOY

Rublaceae IPA, B A
:Grammeae BA

~ Palmac BA
‘Commehnaceau AN PA
”Polwoiawac e &) BA
‘-Grammeae @) B~\

V crbcnaccac - P—\

j\ crbcnaccac i PA —
Cyperaceac BA
gEuphorblaceac EBA, PA

Sclerra levis Retz.

Scleria lithosperma (L.) SW,

;C}peraceae o

:Cuperaceaef Cvperaccac

PA,B.
PABA

Scutellarra glandulosa Hk. f

Sefagme]}a‘ osz‘enfe[du Hier.

Sericocalyx glaucescens (Nccs) Bremr

Smilax vertzcalzs Gagnep
Sopubm fe.s tzgzata Bon.
Sorghum nitidum (V aht. ) Pers.

Spatholobus ﬂOHbundm Cralb e

Stemona burk:lu Pram

Tetraszrgma laoticum Gagncp

Therneda tmaf?dra Forssk

Urarza crzmta (L ) Desv.ex DC.

Uraria lacei Craib

Urena lobata L. ssp. lobata var. lobata

Labiatae )
- meelagmellaceae o
m?Acanthaceae o
g

' S\.rophulanaceae o

Streptocauion ﬂwenras (Lour ) \Ierr |
Vitaceae

Grammeae

E\Ialvaceae

lBA

BA, PA
BA P‘\

BA, PA
" PABA

*

*

" Gramineae 1PA

ELecrummosae BA PL\
.Stemonaceae BA Pfx

ksulepwdaceae Pﬁ\
. PA BA

-§Legununosae Paplhono:dae BA

BA, PA
-Lecummosae Paplhonmdae BA

PA, BA

=
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Vernonia sootepensis Kerr.

fCompositac

f;PA, BA

T

* Specimens are collected and kept at C I\fﬂj- Herbanum

1. Species found outside the quadrats during specimen collection are also listed here.
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APPENDIX 3. Number of species by family in the study area

Family Number of species
PA BA
Acanthaceac 2 1
Annonaceac 0 1
Araceae 1 2
Aristolochiaceae 1 1
Asclepiadaceae 1 0
Commelinaceae 7 4
Compositae 4 3
Convolvulaceae 0 2
Cuperaceae {Cyperaceac) 2 5
Dioscoreaceae 1 Q
Euphorbiaceae 3 2
Gramineae 11 11
Hypoxidaceae (Amaryllidaceae) 1 0
Labiatae 1 1
I gguminosae 8 14
Liliaceae 2 2
Malvaceae 1 1
Melastomataceae 1 0
Myrsinaceas 1 1
Orchidaceae 2 0
Palmae 0 1
Parkeriaceae 2 2
Polygalaceae 0 1
Polvpodiaceae 1 0
Rubiaceae 4 2
Rutaceae 1 0
Schizaeceae 1 1
Scrophulariaceae 0 1
Selaginellaceas 1 1
Smilacaceae 1 1
Stemonaceae 1 1
Thymeleaceae 1 1
Tiliaccac 1 1
Urticaceae 1 0
Verbenaceae 2 0
Zingiberaceae 7 4
Total number of species 74 67
Total number of families 31 27
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