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Consequences of Land Use Change on Bird Distribution at Sakaerat Environmental Research Station

Yongyut Trisurat " and Prateep Duangkae :

ABSTRACT
The objectives of this research were to predict land-use/land-cover change in the Sakaerat
Environmental Research Station (SERS) and to analyze its consequences on Black-crested Bulbul
(Pycnonotus melanicterus), which is a popular species for bird-watching activity. The Dyna-CLUE model
was used to determine land-use allocation in 2020 under two scenarios. Trend scenario was a continuation of
recent land-use change (2002-2008), while the integrated land-use management scenario aimed to protect 45%
of remaining forest cover, rehabilitate degraded areas as natural forest and provide wood supply for renewable
energy. The maximum entropy model (Maxent), Geographic Information System (GIS) and FRAGSTATS
package were used to predict bird occurrence and assess landscape fragmentation indices, respectively. The
results revealed that parts of secondary growth, agriculture areas and dry dipterocarp forest close to road
networks would be converted to other land use classes, especially eucalyptus plantation. Distance to dry
evergreen forest, distance to secondary growth and distance to road are important factors for Black-crested
Bulbul distribution because this species prefers to inhabit ecotones between dense forest and open woodland.
The predicted of occurrence for Black-crested Bulbul in 2008 covers an area of 3,802 ha and relatively
reduces to 3,342 ha in 2020 for trend scenario and to 3,627 ha for integrated-land use management scenario.
However, intact habitats would be severely fragmented, which can be noticed by total habitat area, largest
patch index and total core area indices, especially under trend scenario. These consequences are likely to

diminish the recreation and education values of the SERS to the public.

'F aculty of Forestry, Kasetsart University, Bangkok 10900, Thailand

’ Corresponding author: Yongyut Trisurat, fforyyt@ku.ac.th
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Topography and forest structure of a 15-ha forest Dynamic Plot Established within a Tropical lower
montane Forest at Doi Inthanon, Thailand

Witchaphart Sungpaleel, Kriangsak Sri—ngernyuang2 and Mamoru Kanzaki’
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Biomass Accumulation in Forest Stand along an Altitudinal Gradient and
Forest Restoration Work Applications

Sakhan TEEJUNTUK

Abstract
This Study was study in forest stand along the altitudinal gradient as Doi Inthanon National Park and
tries to use this basic data for forest restoration works. The community structure, population change and
aboveground biomass during 1999-2006 were study. The result showed that the total of 289 species, 150
genera and 69 families were found in five forest types. The mean DBH, density and basal area of tree were
found to increase with the rising of altitude. HEF was found to have largest basal area, density and
aboveground biomass while POF, PDF, MDF and DDF had less in all these values respectively. The cluster
analysis classified all these 5 forest types floristically into three forest zones and could be clustered into six
forest community groups. The absolute growth rate was different between groups and it was found that group
IT was higher than other groups. The relative growth rate in group Il was higher than other groups, however
depending on successful establishment and survival of the component species of the stands. Group III had the
largest density than in other groups and group V had the lowest. In spite of the large gain and loss of
individuals, all groups gained in net basal area coverage, about 0.34-7.81 m’/ha during the 7 years period.
The aboveground biomass gain in all groups were in the range of 2.69-54.95 ton/ha within 6 years, by which
group II had the lowest and group III had the highest gain. The biomass accumulation of each forest group
indicated that group III was the highest biomass and followed by group V, VI, IV, Il and I as 485.27, 249.08,
184.53, 131.87, 43.32 and 29.17 ton/ha. The average aboveground biomass in case forest community from
Doi Inthanon National Park may be used to make the criteria to evaluate the success of forest restoration

various original forest community types.

Department of Silviculture, Faculty of Forestry, Kasetsart University Chatuchak Bangkok Thailand
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Regeneration dynamics of a tropical seasonal forest relating to natural disturbances in Mae Klong

Watershed Research Station, Kanchanaburi Province.

Marod, D.l, Tanaka, H.z, , Takahashi, M. 2, Ishida, A. 3, Panuthai, S. 4, Saito, T. “and Nakashizuka, T. ’

Abstract

We studied the regeneration dynamics of a tropical seasonal forest with special reference to the
interaction with the simultaneous death of bamboos dominant on the forest floor and occasional occurrences
of forest fire. Fourteen years (1992-2006) of monitoring data at a 4 ha permanent plot established in a mixed
deciduous forest (MDF) in Mae Klong Watershed Research Station, western Thailand was analyzed. Just
before and during the study period (1990, 1998, 2001), three of the 4 dominant bamboo species flowered and
died simultaneously in different years. These events resulted in the drastic changes in the biological processes
in the forest. Sudden emergence of wild bananas in the forest was the most astonishing one of these changes.
Growth and recruitment of the trees were facilitated after the death of bamboos, but the competition with the
regenerating bamboos and the occasional occurrences of forest fire strongly impeded the successful
regeneration of trees. Other factors such as canopy gaps and limited seedfall with high inter-annual variation

also affected the regeneration process of the trees after the death of bamboos.

' Forest Biology Department, Faculty of Forestry, Kasetsart University, Bangkok, 10900 Thailand.
? Forestry and Forest Products Research Institute, Matsunosato 1, Tsukuba, Ibaraki, 305-8687 Japan.
* National Park, Wild life and Plant Conservation Department, Jatuchak, Bangkok, 10900 Thailand

* Tohoku University, Aoba 6-3, Aramaki, Aoba-ku, Sendai, 980-8578 Japan
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Introduction

Seasonally dry tropical forests, which occurs in the area with several months of severe drought,
covers fairly large parts of tropical and subtropical ecosystems, even larger than wet-rain forests (Murphy &
Lugo, 1986, Mooney et al., 1995). Their regeneration dynamics and disturbance regimes may be unique and
quite different from the tropical rain forests (Murphy & Lugo 1986, Mooney et al. 1995, Gerhardt &
Hytteborn 1992). In particular, they have long been affected by the frequent fire and other disturbances
associated with human activities (Mueller-Dombois & Goldammer 1990). However, far less attention have
been given to this diversified ecosystem than the tropical rain forests and savannas (Mooney et al. 1995).
Especially, the dynamics of these forests have not been investigated intensively (Gerhardt & Hytteborn 1992,
but see Marod et al. 1999, 2002, Bunyavejchewin 1999, Baker et al. 2005). Considering the importance of
these forests to the local and global environmental issues, we need to accumulate urgently the information
about the dynamics and maintenance mechanism of them for the conservation and management.

The natural mixed deciduous forest, which is mainly composed of deciduous tree species, is a type of
tropical dry forests in Thailand (Royal Forest Department 1962, Ashton 1995). This forest covers large parts
of Thailand and has many variations in composition and structure (Bunyavejchewin 1983, 1985; Rundel &
Boonpragob 1995). Teak (Tectona grandis) is usually the most important species in the mixed deciduous
forest, but there are also the forest type lacking teak (Smitinand 1966, Aston 1995). Bamboos characterize this
forest as the dominant species in the middle layer (Whitmore 1984, Aston 1995). Gigantochloa albociliata,
Bambusa tulda, and B. nutans are the most common among them (Kutintara 1994). The interaction with the
bamboos should be the critical factor affecting the regeneration of the forest.

The impeding effect of undergrowing bamboos to tree regeneration is reported from several types of
forests (Veblen et al. 1980; Nakashizuka 1988; Taylor & Zisheng 1992). They grow rapidly, intercept the light
by the dense leaf canopy and shed deep shade on the forest floor. In Thailand, they usually form large clump
and occupy on the forest floor with high density, especially, in the natural mixed deciduous forest (Smitinand
& Chumsri 1985). They have long life span up to several decades (Janzen 1976), but their simultaneous death
after gregarious flowering can provide a large vacant space for tree regeneration (Veblen et al. 1980;
Nakashizuka 1988; Taylor & Zisheng 1992). These forests may have been maintained under the strong
influence of the fire (Stott et al. 1990), however, the role of fire to the dynamics of these forests has not been
made clear (Keeley & Bond 1999, Franklin & Bowman 2003).

In this paper, we investigated the long-term dynamics of a mixed deciduous forest in Thailand.

Multiple flowering events of the bamboos occurred in the forest gave us opportunities to study the effects of
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bamboo die-back for the forest regeneration. The specific purpose of the paper is to make clear the role of

undergrowing bamboos in the regeneration dynamics and tree diversity of the mixed deciduous forest.

Study site and Methods

The study was conducted in a seasonal tropical forest at Mae Klong Watershed Research Station,
Thong Pha Phoom District (14> 30” to 14’ 45” N, 98’ 45” to 99’ E), Kanchanaburi Province, western
Thailand. The watershed is 108.9 km2 in area and ranges from 100 to 900 m above mean sea level. The
climate is sub-tropical with a long wet season (May to October) alternating with a short cool dry season and
the subsequent hot dry season (November to April). Mean, minimum, and maximum annual rainfall during
1989-1998 were 1546 mm, 1243 mm, and 1897 mm, respectively. Mean monthly temperature is 27.5°C with
a maximum of 39.1°C in April and a minimum of 14.6°C in December. The soil water content is almost
saturated from May to September and the soil water tension value reaches 10 kPa. The soil is very dry during
the dry season and the tension was too high for the measurement by using porous cup method (Marod et al.
2002). The parent materials are granite, limestone and shale. Phyllite and quartzite are also found in small
patches of the watershed area (Suksawang 1995).

The prevailing forest type in this area is a mixed deciduous forest (MDF, Rundel & Boonpragob
1995, Marod et al. 1999), with small areas of dry dipterocarp forest (DDF) on the mountain ridges, and dry
evergreen forest (DEF) along the riparian areas (Kutintara et al. 1995). The dominant tree species were Shorea
siamensis, Dillenia parviflora var. kerrii, Xylia xylocarpa var. kerrii, Pterocarpus macrocarpus, Vitex
peduncularis, Canarium susbulatum, Mangifera caloneura, Schileichera oleosa (Marod et al. 1999). Four
bamboo species (Gigantochloa albociliata, G. hasskarliana, Bambusa tulda, and Cephalostachyum
pergracile) were dominant in the understory. There were no evident records of the past logging within the
forest. However, the activities of local people such as selective felling of particular species or fire setting may
have affected the forests surrounding the plots. Within the area, forest fires have probably occurred repeatedly
over the past several hundred years (Rundel & Boonpragob 1995).

A 4 ha permanent plot was established in 1992 including a variety of topography (ridge, slope and
valley) to monitor forest dynamics. All trees > 5 cm in dbh were identified, and their dbh was measured.
Every two years until 2006, repeated tree enumeration was conducted. Survival and death of the tagged trees
were checked and their dbh was measured. All the newly recruited trees (> 5 ¢cm in dbh) were identified and
their dbh was measured.

Among the parameters of forest dynamics, mortality (M) and recruitment (R) rates were calculated

(Sheil et al. 1995) as follows:
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1/t

M= {1-[(N,—m)/N,] '} x 100,
where N, = population count at the beginning of the measurement interval, m = number of deaths among the
initial population, t = measurement interval between census, and:

R={[(N, + )/ N,] "' = 1} x 100,
where: r = number of individuals recruited, excluding the dead recruited, between the censuses (Sheil & May,
1996).

At each tree census, dominant vegetation cover was also surveyed at each 10 m x 10 m quadrat and a

map of mature bamboo distribution was created. In 1998, dominant bamboo species in each 10 m x 10 m

quadrat was identified and a map of bamboo species distribution was created.

Results and Discussion
Bamboo dynamics

Among the four bamboo species, GH apparently distributed on the lower slope and valley bottom and
CP distributed mainly on the ridge, while GA widely distributed from the middle slope to the ridge, patchily
mixed with BT (Fig. 1). At the start of the study, except the population of GH, which was originated from the
seedling established in 1990 after the gregarious flowering and simultaneous death of the parent cohort, the
clumps of the other three species seemed to have attained to the mature phase and casted shade on the forest
floor. GA was the most dominant forming large mono-dominant patches (Fig. 1). CP also made mono-
dominant patches on the upper slope, but BT only made small patches mixed with GA and CP (Fig. 1).
Gregarious flowering of GA and CP occurred in 1998 and 2001, respectively, and more than 90 % of the
clumps died simultaneously for both GA and CP (Fig.2). Dispersed seeds germinated in the next rainy season,

and the new cohorts started to grow in the gaps created by the death of the parental cohort.
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Forest structure and dynamics

As Marod et al (1999) has already reported, tree density and basal area (BA) of this forest were
basically much lower than those reported for many other forest types in the tropical areas (Table 1, cf. Phillips
et al 1994). However, both recruitment and mortality showed consistently high rate during the 12 years of
observation (Table 1). The balance between recruitment and mortality fluctuated, and, as a result, stem density
also showed both increase and decrease (Table 1). The change in BA were not parallel to that of the stem
density, and BA generally increased after the decrease during the first two years (Table 1). According to the
high recruitment and mortality at the smallest size class (5 cm < DBH < 10 c¢m), size structure changed largely
during the study period (Fig. 2). During the study period, main disturbances were strong winds during the
rainy season, which caused the death of few large trees, and frequent forest fire. Forest fires occurred during
the dry season almost every year except from 1992 to 1994 (when the plot was protected from fire), and
affected as one of the mortality factors for the small trees. It is likely that the main cause of the high
recruitment is the simultaneous death of bamboos and the resulted change in the forest floor light condition.
Competition with quickly growing bamboos and wild banana might be the cause of subsequent high mortality

in addition to the forest fire.

Recruitment & Mortality patterns of tree populations

According to the colonization and local extinction, species number appeared at each census
fluctuated in a range between 104 to 114 (Table 1). In total, 131 tree species were recorded in 4 ha during the
study period. These change occurred mostly for smaller trees, and few changes occurred for the trees > 10 cm
dbh (totally 106 species appeared).

The relationship between mean recruitment and mortality of tree populations > 10 stems before and
after the die-back of GA in 1998 differed among species (Fig. 4). The species which showed
disproportionately higher recruitment than mortality before 1998 were Oroxylum indicum, Sterculia
macrophylla, Ficus hispida, Colona floribunda, and Canarium subulatum (Fig. 4). Bauhinia malabarica was
characterized by distinctly high recruitment and mortality. The species which showed disproportionately
higher recruitment than mortality after 1998 were shifted from thdose before 1998: Cassia garrettiana,
Garuga pinnata, and O. indicum (Fig. 4). C. floribunda maintained high recruitment after 1998, but
recruitment almost balanced with high mortality. Recruitment of S. macrophylla drastically decreased with
increased mortality after 1998. Many of the species which showed high recruitment during the study period
were pioneer species, but some non-pioneer species such as O. indicum, C. subulatum, C. garrettiana, G.

pinnata were also included.
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The change in tree density during the study period reflected these recruitment and mortality
patterns (Fig.5). The stem density of B. malabarica and S. macrophylla, which may prefer the moist site,
highly increased after the death of GH, but decreased afterwards. The stem density of O. indicum increased
continuously through the study period suggesting the broader habitat preference of this species. Millettia
brandisiana also showed the same pattern (Fig. 5). The species such as C. garrettiana, G. pinnata and Croton
oblongifolius showed increase in stem number only after 1998, suggesting the influence of the death of GA in
1998 (Fig. 5). Dominant species showed few changes in stem density unaffected by the bamboo flowering

events (Fig. 4, 5).

Tablel. Summary of the dynamics of the study plot in a mixed deciduous forest.

Year 1992 1994 1996 1998 2000 2002 2004 2006
Species number (/ 4 ha) 104 114 113 110 106 102 108 111
Stem density(/ha) 199.0 203.5 201.8 194.8 191.5 190.3 201.8 207.5
Recruitment (%yr") 2.97 3.68 2.51 4.15 5.59 7.41 5.37
Mortality (%yr) 1.90 4.27 4.37 5.21 6.27 4.78 4.18
Basal Area (m?) 17.30 16.95 17.13 17.69 17.48 17.98 18.17 18.43
Gain (m?) 0.17 0.63 0.73 0.57 0.90 0.57 0.64
Loss (m?) 0.53 0.45 0.17 0.78 0.39 0.38 0.39
1992-1998 1998-2006
Bm
0.4 < 0.4
0.35 0.35
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Mortality (yr1)
Fig. 4 Relationships between the recruitment and mortality of trees > 10 stems in 4 ha plot before (left) and after
(right) the gregarious flowering of G. albociliata in 1998. The abbreviations of the species name are as follows,
Cf: Colona floribunda, Cg: Cassia garrettiana, Co: Croton oblongifolius, Cs: Canarium subulatum, Fh: Ficus

hispida, Gp: Garuga pinnata . Oi: Oroxylum indicum, Sm: Sterculia macrophylla.
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Fig. 5 Changes in tree density of the species which had > 10 individuals in the plot.

Spatial pattern of recruitment

Spatially and temporally concentrated recruitment patterns were observed (Fig. 6). The recruitment
occurred before the die-back of GA in 1998 was concentrated in the areas where GH flowered and died
simultaneously in 1990 (Fig. 6). On the contrary, the recruitment occurred after the die-back of GA in 1998
was concentrated in the areas where GA flowered and died simultaneously in 1990 and additionally in the
areas where CP subsequently flowered and died in 2001 (Fig. 6). Since the canopy gaps occupied very large
area (53.7 %), the effects of canopy gaps to the recruitment were scarcely detected (Marod et al. 1999) in

contrast to the other reports in closed forests with higher tree density (Nakashizuka et al. 1992) .

Bamboo and forest dynamics

The structure of this mixed deciduous forest with low stem density and BA would be basically
formed under the strong influence of the dominance of undergrowth bamboos. Long-term dynamics of this
forest including the die-back events of dominant bamboos clearly showed the importance of the unique life
history of bamboo for the regeneration of the component trees in mixed deciduous forests. Repeated
occurrences of the forest fire may have also affected the regeneration process operating as an important
mortality factor (Marod et al. 2002, 2004).

The impeding effect of undergrowth bamboos for tree recruitment is common with other forests
in the temperate zone (Veblen et al. 1980; Nakashizuka 1987, 1988; Taylor & Zisheng 1992). Low tree
density and large canopy gap proportion caused by the persistence of undergrowth bamboos and/or fern were
also reported for Japanese and European beech forests (Nakashizuka 1987; Peters et al. 1992). Because the

cover of bamboo become even denser in the canopy gaps, regeneration of the tree seedlings in gaps will be
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prevented and the canopy tends to become more discontinuous. In this forest, recruitment of trees hardly
occurred in the area covered by the undergrowth bamboos and canopy gaps per se had only little effects for
the recruitment of trees. Without the recruitment to the canopy trees by the episodic death of bamboos, the
canopy would have become further discontinuous, and the tree density would have also gradually decreased.
Long lifespan of undergrowth bamboo makes the continuous recruitment of trees difficult and
retard the regeneration process of the forest. Although the long interval of bamboo die-back may be still short
enough to give several chances of regeneration to the canopy trees, but not always these die-back events give
an regeneration opportunity to each of the component species (see the patterns in Fig. 5). Actually, the
regeneration process after the bamboo die-back will be affected by many factors, such as the size of the area
of bamboo die-back, the recovery rate of bamboo, the abundance and composition of the colonized tree
populations (via seed bank, seed rain and advanced regeneration), and the competition among them and with
other colonizing herbs. A large amount of fuel supplied by the bamboo die-back (dead culms and leaves) were
easily burnt by the subsequent forest fires and affected the process. Since the dormancy of long-lived buried
seeds of wild banana is broken by fire (Kobayashi et al. 1995), this large perennial plant also can be the strong

competitor to the regenerating trees at the early phase of the process (Takahashi et al. 1995).

1992-1994 1994-1996 1996-1998
T AT ] 1 1 1
I'.; T[T 1 T[T 1
1 2 1
T 12 T[T T 1 Z T
1 T[T 1 1 1 1
2311 1 21 1 1
1| [5] [1/6/3]3 T 1 1 {212 1
3T[5[2[@ 11 T T [2[72]3 1 1
91Z[1]1[Z 12] 1
31 1 1 z 1 i 1
5(1/2 T[T 111 1
FARIL 2[6[2 14
T 31 T[T o 1
1 1 1 1
1 1
Z] i 21 i
1 1 1
1 (1 1 1 Cl
%%1 1 1 1 173] 1 _%I%
T[1[2/4]2 T1[1 T[T 12
1998-2000 2000-2002 2002-2004 2004-2006
(2] [@ T 1 112 |1 1 11 LI
LIkl 1 1 1 1 Lkl 1 1 1 1 1 1
1 1 1 i 2 11 T 1 T
1 1 T T [4[1[1 T 1 TT[Z[1 1 171 1
2 i1 a7 1 RILINA 2 1 T 1 1
Z (12 AE 3 il 3 i C1Z[ L 2z
1 1 1 1 [T 1 1 1
2 L] 1 1 1
T 1 3T Al 1
1 Z 1 T[T 1 2
FINL 1l [T 1 1 1 2 1 1 1 1 z
il URINL i 1 1z il T (1 T
1 1 [1 1 i (1 1 i 3 Z 1 1
1 1 1 11 Cl 1 1 3 a1 11 1
il 1 1 2 11
LA T[T 1 —31 ] T 12 1 1 i 1
1|1 1 1 1 T FimE] 11 1 1 Z
11 11 1 1 1 1 1
T UBLINE O i) 12 T3 1 35 1 12 [T 1
1 1 (2 2EE 12 1 1 A [T (1 (11 2l 1[5/ 2]&[1] (1 |1

Fig.6 Spatial patterns of tree recruitment and mature bamboos. Each figure shows the recruitment
pattern during the period. Each cell is a 10 m x 10 m quadrat. Shaded cell indicates the quadrat

covered by mature bamboos. The number in each cell indicates recruitment.
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Conclusion

This long-term study clearly showed the importance of the rare events for the dynamics of a tropical
seasonal forest. The gregarious flowering and simultaneous death of the three coexisting bamboos resulted in
the drastic changes in the biological processes in the forest. Growth and recruitment of the trees were
facilitated after the death of bamboos, but the regeneration process after the events seemed to be complex and
slow. Competition with the regenerating bamboos and the occasional occurrences of forest fire should have
strongly impeded the successful regeneration of trees. Other factors such as limited seed dispersal caused by
scarcity of mother trees and high inter-annual variation of seed production may also affect the regeneration
process of the trees after the death of bamboos.

These data from 14 years of observations are still not enough to discuss the role of rare events such as
bamboo die-back, the effect of fire disturbance regime and their interaction for the forest community
dynamics in the long run. Long-term continuation of the observation and additional studies on the early phase
of the tree life history are necessary. The forest dynamics are a slow process with a large heterogeneity in time
and space (Nakashizuka et al. 1992). To obtain the baseline data for the prediction of vegetation change in this
unique ecosystem, networking and comparison of the long-term studies in various permanent plot would be

essential (Murphy & Lugo 1986; Mueller-Dombois & Goldammer 1990).
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Colonization of primary forest species and factors preventing regeneration at 30 year old

successional area, northern Thailand
Lamthai ASANOK ", Dokrak MAROD’, Prateep DUENGKAE®, Sarawood SUNGKAEW”,
Umpron PRANMONGKOL " and Tohru NAKASHIZUKA'
Abstract

We investigated the factors and tree species characteristics that are important for colonization of
secondary successional forest, for application to the restoration of abandoned areas in tropical montane forests
in the Suthep-Pui National Park, northern Thailand. Four one hectare plots (100 m x 100 m) were established
at secondary forest, and one hectare plot (100 m x 100 m) was established in a primary forest. The species
composition of canopy trees, regenerated seedlings, and saplings was studied, together with aspects of the
physical environment. We found that it was difficult for primary forest species to effectively colonize the
secondary forest, mostly due to recruitment limitations rather than the physical environment. On the other
hand, secondary forest species and generalists were less affected by factors related to the physical
environment, forest structure, and recruitment limitations. Seedlings and saplings that regenerated in
secondary forest were mainly those of secondary and generalist species, such as Wendlandia tinctoria,
Vernonia volkameriaefolia, Castanopsis diversifolia. Among primary forest species such as Beilschmiedia
gammieana, Helicia nilagirica, Persea gamblei were able to establish a high seedlings at the secondary forest.
Thus, reducing recruitment limitations of primary forest species is important for rapid restoration. Natural
regeneration of secondary forest and generalist species could be utilized as a first step in restoration, in

consideration of their facilitation effects.
Keywords: Secondary successional forest; Forest restoration; Recruitment limit; Tree species traits; Tropical

montane forest.
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Introduction

Tropical montane forests host high biodiversity, although human activities are leading to their
decrease and fragmentation (Toledo-Aceves et al. 2011). In human-dominated agricultural landscapes in
tropical highland regions throughout the world much of the original forest cover has been converted into
cropland and pastures, including shifting-cultivation, or semi-permanent land-use systems, resulting in
mosaics of agricultural land, secondary forest, and primary forest patches (Kintz et al., 2006). Shifting
cultivation is the main cause of forest loss and fragmentation (Dalle et al., 2011). In mountainous areas of
northern Thailand, shifting cultivation by local and hill-tribe people has also caused serious fragmentation of
primary forest (Fukushima et al. 2008), and the restoration of abandoned areas is now urgently required for
biodiversity conservation in the vicinity of protected areas. Succession is a key ecological process that
underpins much ecological restoration (Hobbs et al., 2007). Understanding natural succession is critical for the
development of forest conservation strategies, given that abandoned area can be considered the forests of the
future (Quesada et al., 2009). Species colonization stage of natural succession process is several ways to
enhance the colonization of spontaneous species, thought each has limitation. This nucleation process is a
crucial from colonization in many types of natural succession and can accelerate the establishment of
desirable species (Moral et al. 2007). Species composition of secondary forests regenerating after disturbance
differs from that of old-growth forests. It is well established that there are two functional groups of plant
species, i.e. early and late successional species (Ludwig, 2000), or pioneer and climax species (Dekker and de
Graaf, 2003), that characterize secondary and old-growth forests, respectively.

Seedling colonization are an important stage in the life cycle of plants and their successful
recruitment is important for plant population dynamics and ultimately to community development, structure
and sustainability (Pinto et al.,, 2011). The identification of factors affecting their recruitment is thus
fundamental for understanding basic plant population processes as well as plant distribution and abundance in
the forest area (Tyler et al., 2008). Environmental factors affect the different processes of establishment, in
terms of seedling emergence, growth and survival (Kolb and Barsch, 2010). Thus, understanding the potential
responses of tree species to disturbance area environments is critical to designing systems that maintain and
facilitate recovery of biological diversity at the disturbance area.

In this study, we examined tree regeneration at secondary successional forest, and identified the
factors influencing regeneration, the physical environment of secondary successional forest, and the
recruitment limitations in relation to individual species characteristics. Specifically, we aimed to answer two
questions. 1) Can primary forest species effectively colonize secondary sucessional forest after abandoned 30

year ago? 2) If not, what factor(s) prevents regeneration: the physical environment or recruitment limitations?
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Material and Methods
Study site

This study was carried out in central Suthep-Pui National Park (18°47 - 18°50' N, 98°53' - 98°55' E),
situated 1265-1500 m above mean sea level on Mount Pui about 10 km west of Chiang Mai in northern
Thailand. The mean annual temperature and rainfall were about 20 °C and 1700 mm, respectively (Kume et
al., 2007). The area has two main seasons: the wet season (May-October) and the dry season (mean monthly
rainfall below 100 mm, November-April). The dry season is subdivided into the cool-dry season (November-
January) and the hot-dry season (February- April) (Elliott et al., 2003). The topography is generally
mountainous, with a network of many permanent rivers and streams dividing the area into valleys and lowland
plains. Originally, the study site had been covered with tropical montane forest, cleared approximately 30
years previously, to provide land for cultivation of cabbages, corn, potatoes and other cash crops by local hill
tribe peoples. Result the abandoned field recovery to secondary forest, were dominated by old tree, shrub,
herbaceous weeds and grass (Elliott et al., 2003). In 1985, park officials have added planted trees species in
some fallow areas such as Prunus cerasoides, Diospyros glandulosa and Castanopsis acuminatissima
(Krawsa-at, 1997). However, the primary tropical montane forests remain at the Kog Ma experimental
watershed, the dominant plant family is the Fagaceae including Lithocarpus, Quercus, and Castanopsis genera
(Kume et al., 2007).
Sampling plot and data collection

During, on August 2010 to December 2011. Five study sites were selected; one representative
primary tropical montane forest far from village 10 km (PF) and four secondary successional forest after
abandoned 30 year ago were (1) abandoned area far from village seven km (AFV); (2) abandoned area near to
village one km (ANV); (3) abandoned area with added plantation by mixed species distance from village five
km (PMS); and (4) abandoned area with added plantation by pure species distance from village three km
(PPS).

For each site we establish 100 m x 100 m (1 ha) permanent plot, and they were devided into 10 m x
10 m quadrates totally 100 quadrates per each site. At the corner of each 10 x 10 m quadrat, we established a 2
m x 2 m sub-quadrats totally 100 sub-quadrats per each site. We enumerated trees (DBH greater than or equal
2 ¢m) in the 10 m x 10 m quadrats, sapling (DBH less than 2 cm; height over 1.30 m) and seedling (height
less than 1.30 m) in 2 m x 2m quadrats. All the trees, saplings and seedlings were tagged and identified into
species. We identify plant species by collecting of specimen and compare with standard specimen in the

herbarium center of National Park, Wildlife and Plant Conservation Department (BKF). The nomenclature
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followed The Forest Herbarium (2001) and Gardner et al. (2000). The diameter at breast height (DBH, 1.30 m
from above ground) was measured for all trees, while we just counted the number of sapling and seedling for
each species.

Soil samples were collected from the top soil layer (0~15 cm) in October 2011, using a soil core
sampler with a volume of 100 cm’, at the center of each 2 m x 2 m sub-quadrat, on the same day 10 days after
the last rain. Soil bulk density (SDb, g cm”) was estimated for each soil sample as the proportion of mass of
oven-dried soil to the total volume, and soil moisture content (SMC, %) was determined from the ratio of
fresh weight to dry weight (Kissling et al. 2009). We also took a hemispherical photograph with a Nikon FM
and fish-eye lens (8 mm focal distance) by setting the camera at the center of the 2 m x 2 m quadrat. We took
photos at 1.3 m above ground level, on a sunny day (09:00-11:00 h) in November 2011 to estimate relative
light intensity (RLI). The RLIs were analyzed with the Gap Light Analyzer (GLA) version 2.0 software
program (Frazer 1999). RLI in each frame quadrat was estimated as the percentage of standard overcast sky
distribution. These soil and light factors were used to analyze seedlings and saplings, representing the
environment in 2 m x 2 m quadrats.

Data analysis

In order to analyze similarity in species composition among sites, we applied Detrended
Correspondence Analysis (DCA). We used the data of tree composition of 1 ha plots (100 m x 100 m plot) as
a unit in each site. The basal area (BA, m ha'l), stems density (D, stems ha_l) and Shannon — Wiener’s
diversity index were used for DCA. The DCA were analyzed with the PC — ORD version 5.10 software
programs (McCune and Mefford, 1999).

To classify tree species into primary or secondary species, we used the Mann-Whitney test (Wijnand
and van de Velde, 2000) for mature tree density (per 10 m x 10 m plot) in primary and secondary forest areas.
We grouped species into (1) primary forest species that had a significantly high density in primary forest; (2)
secondary forest species with a significantly high density in secondary forest; (3) generalist species without
any significant density bias; and (4) infrequent species with inadequate densities for statistical analysis. We
analyzed the regeneration characteristics of each species by applying the Kruskal-Wallis test (Ruxton and
Beauchamp, 2008) for sapling and seedling density (per 2 m x 2 m plot) in primary and all secondary forest
areas.

To analyze factors affecting regeneration, we applied generalized linear mixed models (GLMMs) in a
step-wise regression analysis for seedling/sapling density of species with sufficient density for statistical
analyses (species with greater than or equal to 30 stems). The independent variables adopted were: (1) the

physical environmental factors RLI and SMC; (2) forest structure, i.e., forest type (FT), basal area (BA), and
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tree stem density (D); and (3) factors relating to recruitment, distance from mother tree (DM) and distance
from village (DV). All of these variables were obtained for each 10 m x 10 m quadrat. All factors had
correlation coefficients less than 0.7. Site was included as a random factor, and the model with the lowest
Akaike’s information criterion (AIC) was selected for each species (Hamberg et al. 2009). All statistical
analyses were performed using the software R v 2.11.1 (R Core Development Team, Vienna, Austria).
Results
Environmental factors

Environmental factors showed similar between primary and all secondary forest sites. Relative light
intensity at 1.3 m above ground level was similar (no significant) of all site. ANV showed higher soil bulk
density and lowed soil moister content (no significant) than another area. However, another secondary forest
site (AFV, PMS and PPS) were similar soil bulk density and soil moister content with primary forest.
Community arrangement

By DCA of tree composition, Axis 1 indicates the arrangement species diversity index ascending by
show high positive correlation with Shannon — Wiener’s diversity index (r = 0.90, p < 0.001), suggesting
ANV had higher diversity (H'= 3.59) than another community, while PPS was less species diversity H'=
2.88). Axis 2 had high positive relationship with basal area (r = 0.93, p < 0.001), indicates the arrangement
development of tree stem by primary forest had high basal area (35.4 m’ ha') and ANV showed lowest of
basal area (15.6 m* ha'). Axis 3 show negative correlation with stems density (r = -0.76, p < 0.001),
suggesting the arrangement of stems distribution by AFV has higher stems density (2,407 stems ha) than
another site.
Species composition

Mature trees comprised 9,955 stems of 167 species in total. The dominant species in primary forest
species were Castanopsis acuminatissima, Persea gamblei, Helicia nilagirica, Styrax benzoides, and Turpinia
pomifera. Dominant secondary forest species were Vernonia volkameriaefolia, Saurauia roxburghii, Eurya
acuminate, Wendlandia tinctoria and Prunus cerasoides, and dominant generalist species were Castanopsis
diversifolia, Maesa ramentacea, Cinnamomum iners, Schima wallichii, and Eriobotrya bengalensis. We
classified the species into 53 primary forest species, 23 secondary forest species, and 43 generalists. The other
48 species were classified as infrequent species.
Seedling and sapling colonization pattern

Seedling/sapling densities had different patterns among the species types. The primary forest species
had the highest density in primary forest, followed by generalist species and secondary forest species

respectively, with decreases in secondary forest areas especially, at PPS. Seedlings/sapling of secondary forest
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species had the highest density in secondary forest, excepted in AFV area was appearing less than generalist
species. The generalist species showed an intermediate pattern between those of primary and secondary
species, although showed high density in primary forest and decreased in secondary forest.

The seedlings and saplings densities of most primary forest species were higher in primary forest.
Some primary forest species can distribute in all sites (include; primary forest and secondary forest area) were
Beilschmiedia gammieana, Elaeocarpus sphaericus and Persea gamblei. We found some primary forest
species had high seedling/sapling density in secondary forest; Beilschmiedia gammieana, Helicia nilagirica,
Canthium glabrum and Ternstroemia gymnanthera had high density in PMS (included no significant), while
Persea gamblei had highly significant density in ANV and Elaeocarpus sphaericus and Semecarpus
cochinchinensis showed high density (no significant) in AFV. Syzygium albiflorum showed high significant
density of seedlings/saplings in AFV and appear at all secondary forest site, but invisible in primary forest.
Canthium glabrum, Cinnamomum porrectum and Glochidion sphaerogynum no seedlings/saplings in primary
forest, even though these species had mature trees in the primary forest (include no significant) and difficult
colonize in secondary forest. All other primary forest species had higher seedling/sapling densities in primary
forest than in secondary forest (including some species without significant differences). In particular,
Castanopsis acuminatissima had highest abundant seedlings/saplings in primary forest.

The seedling/sapling densities of most secondary forest species were higher in secondary forest than
in primary forest. As Dehaasia kerrii had significantly higher densities in primary forest than in secondary
forest. Only Wendlandia tinctoria had seedling/sapling in all site, although the difference was not significant.
Vernonia volkameriaefolia and Pittosporum nepaulense had higher significant density in PPS and PMS,
respectively. While, Macaranga kurzii and Sumbaviopsis albicans can colonized only ANV area and Arytera
littoralis appear only PMS by significant of densities. On the other hand Diospyros glandulosa can colonized
in all secondary forest area except in primary forest (no statistical significant).

Most generalist seedlings and saplings occurred similar in both primary and secondary forest.
Castanopsis diversifolia, Cinnamomum iners and Archidendron clypearia appear seedling/sapling in all site
by Castanopsis diversifolia and Archidendron clypearia had high density significant in secondary forest were
PPS and AFV, respectively while, Cinnamomum iners had highly density in primary forest. Perilepta
auriculata, Quercus sp. and Melastoma saigonense showed high significant density in secondary forest but
not showed in primary forest area. While, Baccaurea ramiflora, Beilschmiedia palembanica, Rhus chinensis
and Syzygium helferi had seedling/sapling only ANV and Toona ciliate appear at PPS only, although the

difference was not significant.
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Factors determining regeneration

The factors related to recruitment limitations, the forest structure and the physical environment were
more important for seedling/sapling of primary forest species than for secondary forest and generalist species,
which were affected by all categories (physical environment, forest structure, and recruitment). The
importance of the factors differed according to species.

Eleven primary forest species were significantly affected by distance from the mother tree and/or the
distance from village. However, three species were Memecylon scutellatum, Syzygium albiflorum and
Micromelum minutum be independent from recruitment factors. Persea gamblei, Sarcosperma arboretum and
Litsea martabarnica had a significant (negative) relationship with distance from village. Most primary species
were affected by forest structure factor (positive and/or negative significant with BA, D and FT), but
Ternstroemia gymnanthera and Tarennoidea wallichii none affected by these factors. Beilschmiedia
gammieana had negative relationship with tree density and forest type. On the other hand, few species
affected by physical environment factor, while Sarcosperma arboreum and Castanopsis tribuloides showed
positive significant with LAIL

Seedlings/saplings of seven secondary forest species showed low affected by all categories (physical
environment, forest structure, and recruitment). Most species were independency with recruitment factor.
Only Diospyros glandulosa showed negative significant with distance from mother tree. Two species were
Vernonia volkameriaefolia and Saurauia roxburghii had a significant relationship with the basal area. The
physical environment factor was few affected with secondary forest species. Glochidion eriocarpum had
positive significant with LAI only, and independency from another factors.

The distribution patterns of generalist seedlings/saplings were somewhat between those of primary
and secondary forest species. Most species showed a significant relationship with DM (negative) or DV
(positive or negative). Two species were Actinodaphne henryi and Eriobotrya bengalensis had independency
with both physical environment and recruitment factors, while most species had a significant relationship with
forest structure. Cryptocarya impressa, Eriobotrya bengalensis and Quercus sp. had a significant negative
relationship with basal area, suggesting it was unlikely to regenerate in mature forests. Few species had
affected by the physical environment factor, e.g. Cinnamomum iners, Archidendron clypearia and Maesa
ramentacea had positive significant with soil moisture.

Discussions
Primary forest species colonized characteristics
Primary forest composition is an expected goal of natural forest restoration; however the succession is

a key ecological process that underpins much ecological restoration (Hobbs et al., 2007). We found the
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secondary forests were abandoned after 30 ago under natural succession showed physical environmental
factor similar primary forest. The mature trees were in successional area can promote increasing soil moister
and influence to low light intensity at under canopy area (Bolton and D'Amato, 2011). However, species
composition in these areas had difference from primary forest, because disturbances cause losses of primary
species from the canopy layer (Oosterhoorn & Kappelle 2000). The seedling establishment is a crucial form of
colonization in many types of natural succession and can accelerate the establishment of desirable species
(Moral et al. 2007). The seedling and sapling compositions in secondary forest are generally different than
those in primary forest. Seedlings and saplings of a most primary forest species were found in secondary
forest, but their densities were very low, suggesting that they have some difficulty colonizing in the secondary
forest. However, we found some primary forest species were Beilschmiedia gammieana, Helicia nilagirica,
Canthium glabrum, Ternstroemia gymnanthera, Persea gamblei, Elacocarpus sphaericus, Semecarpus
cochinchinensis and Syzygium albiflorum had high densities in secondary forest, suggesting that they have
more opportunities colonizing in secondary forest. We found that most secondary forest and generalist species
can establish well in secondary forest e.g. Wendlandia tinctoria, Vernonia volkameriaefolia, Castanopsis
diversifolia, Archidendron clypearia, Cryptocarya impressa, Maesa ramentacea, Macaranga kurzii,
Sumbaviopsis albicans, Arytera littoralis and Melastoma saigonense. The seedlings and saplings that
regenerated in secondary forests were mainly those of secondary forest species and generalists, thus, any
restored forests will more closely resemble secondary forest than primary forest species.

Therefore, the species had high density in secondary forest among species group (primary, secondary
and generalist species) showed potential of regeneration in secondary forest area after abandoned 30 years
ago. This result suggested some primary forest species can colonize in the secondary forest after abandoned
30 years, increased time since abandonment enhances seedling of primary forest establishment more than
short abandonment periods (Dolle et al., 2008). Although they few appearing when compare with secondary
and generalist species. Because the surroundings of any given restoration area are more likely to be secondary
forest species than primary forest species, these species that frequently occur in secondary forest should be
utilized in primary forest restoration schemes.

Factors affecting colonization in secondary successional forest

Recruitment limitations seemed to be important for most of primary forest species. Most primary
forest species had a significant (negative) relationship with distance from mother tree; this means these
species need seed sources from mother tree for colonization. The abundance of seeds from mother tree affect
seedling establishment and increased seedling densities (Sagnard et al., 2007), which generally the mother tree

was dominant species in primary forest (Naito et al. 2008). However some of the primary forest species were
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Memecylon scutellatum, Micromelum minutum and Syzygium albiflorum did not appear to have recruitment
limitations, suggesting their high ability to reach disturbed sites far from mother tree. It was possible that,
these species are food of frugivorous birds that can disperse seed over large distances from a mother tree
(Kitamura et al., 2008). Sarcosperma arboretum and Litsea martabarnica had a significant (negative)
relationship with distance from village, suggesting they can establish in high frequency disturbance area. We
found most secondary and generalist species were independency with recruitment limitations especially,
distance from mother tree. Indicating these species can colonization at disturbance area far from mother tree.
Early-successional species after disturbances, plants that grow up in open canopy area may come from soil
seed bank that characterize secondary forest (Wang et al., 2011). Some species in both group (e.g., Vernonia
volkameriaefolia, Archidendron clypearia, Cryptocarya impressa, and Maesa ramentacea) had a significant
(negative) relationship with distance from village, suggesting they can establish in high frequency disturbance
area. So, some species of primary, secondary and generalist species can colonization in secondary forest after
abandoned 30 year ago, and independent from recruitment limitations (distance from mother tree/distance
from village).

Forest structure seemed affected to primary forest species more than physical environment factor.
Most primary forest species have significant relationships with primary forest characteristic. Generally
primary forest structure were dominate by large tree and under canopy area covered by depth litter layer result
high soil moister, and canopy layer was light filter affected low light intensity at ground area (Burton et al.,
2009). On the other hand, Beilschmiedia gammieana had significant negative relationship with stem density
and forest type and positive significant with SMC, suggesting that it can establish seedlings/sapling well on
high soil moister place in secondary forest area. While, primary forest species (Sarcosperma arboretum and
Castanopsis tribuloides) and secondary forest species (Glochidion eriocarpum) had a positive relationship
with RLI, suggesting that they can establish seedlings in high light conditions. The possible extinction debt of
shade-tolerant species in secondary forest and colonization by light-demanding species is probably related to
disturbances (Chanthorn and Brockelman, 2008). We found most secondary forest and generalist species had
not significant relationship with physical environmental and recruitment limitations, suggesting that they had
a few preventing factor for colonization. This is the reason why these species type can colonization well in the

secondary successional forest area.

Implications for management
We found that it was difficult for primary species to effectively colonize the secondary forest, mostly

because of recruitment limitations and forest structure rather than effects related to the physical environment
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at the abandoned land after 30 year ago. However, some primary forest species such as Beilschmiedia
gammieana, Elaeocarpus sphaericus, Persea gamblei and Helicia nilagirica colonized well in secondary
forest, suggesting that of the abandoned land after 30 year ago could adjusting physical environmental factor
similar primary forest and reduce recruitment limitations to appropriate for some primary forest species.
While, secondary forest and generalist species, such as Vernonia volkameriaefolia, Archidendron clypearia,
Cryptocarya impressa, Maesa ramentacea, Sarcosperma arboretum, Castanopsis tribuloides and Glochidion
eriocarpum, regenerate better in high-light conditions and high frequency disturbance area. Thus, suggesting
in secondary successional forest area after abandoned 30 year ago can promote primary forest species
colonization; although the proportion is less when compare with secondary and generalist species. Species-
enrichment initiatives in long period abandoned area may help in primary forest restoration, as after such
species have successfully colonized the secondary forest they will have affected the forest community
composition and physical environment, which will become more similar to those of the primary forest over
time (Tscharntke et al., 2011). This would facilitate the regeneration of primary forest species in secondary

succssional forest area.
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Diversity and community structure of terrestrial ants in difference vegetation types

at sakaerat environmental research station, nakhon ratchasima province

Sasitorn Hasin and Wattanachai Tasen

Department of Forest Biology, Faculty of Forestry, Kasetsart University

Abstract

The ants (Hymenoptera: Formicidae) are a large component of the arthropod community on ground in
forest ecosystems and contribute valuable data to study of comparative biodiversity and conservation.
However, recent ant studies in Thailand, there was little known about the environmental factors under
difference vegetation types that influence the community structure and dynamics of the terrestrial ants these
assemblages. Studies on ant were carried out at sakaerat environmental research station during September
2004 to August 2005. Aims of this study were to study the diversity and community structure of ants in four
different vegetation types: (i) dry evergreen forest (DEF), (ii) dry dipterocarp forest (DDF), (iii) mixed
dipterocarp forest (MDF) and Acacia auriculaeformis plantation (APT). Standard sampling methods (Winkler

leaf litter extraction, direct sampling and soil sampling) were used to collect ants.

A total of 130 ant species comprising 56 genera in 9 subfamilies were identified from samples were
found in all habitats combined. The seasonal changes has influenced on ant presenting in which the number of
ants had highs in DEF in the dry season, 63 species, while, 87 species was found in DDF during the wet
season. The results of ant community structure showed that ant species, abundance, Shannon diversity and
evenness index of ants were significantly higher in wet season than those in dry season in DEF and DDF. The
values of similarity index among the forest types were higher than 50% indicating that most ant species can
live in both deciduous and evergreen types. Meanwhile, the relationships pattern between the soil and litter
moisture correlated with ant species and abundance of terrestrial ant species. Three main conclusions were
drawn from this study: (i) the different vegetation types supported different level of ant species, abundance,
and ants community both in leaf litter and soil, (ii) the relationships between ant species and community of
ants showed a significant response to variation of environmental factors under seasonal change in each
vegetation type, (iii) the natural forests are near reforestation and may serve ant diversity. This study provided
the basic knowledge about the ant community structure and species in specific vegetation types which can be
used as an indicator to detect the negative effect of disturbance in ecosystem for future plan of sustainable

utilization and forest conservation.
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MDF 88.73 41.70 223.91 354.34
DDF 47.56 22.35 65.80 135.71
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Teak 26-28 yrs 86.30 18.79 109.69 214.78
Eucalyptus 5-7 yrs 28.43 8.67 76.41 113.51
Eucalyptus 13-15 yrs 64.92 16.56 71.95 153.43
A. mangium 5-7 yrs 62.96 10.46 84.47 157.89
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Growth and Survival rate of Three Native Species Enrichment Planted
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ABSTRACT

The study on growth and survival rate of three species enrichment planting was carried out at Trat
Agroforestry Research Station (TARS). The objective aimed to study structural characteristics and increment
of enrichment tree planting in 24 year-old mixed reforestation. Nine sample plots of 40x40 m” in size were set
up for tree species, diameter at breast height (DBH) and total height recording. Completely Randomize Design
(CRD) with three treatments was used for experimental design. The planted seedligs including Hopea odorata,

Dipterocarpus alatus and Aquilaria crassna were selected for enrichment planting in June, 2002. Diameter at

ground level, height and survival rate were also recorded for comparison.

The results found that total numbers of tree species were 80 species with density 917 and 862
trees.ha” and average basal area was 0.15 and 0.17% in 2002 and 2005 respectively. L-shape was shown in
term of diameter size class distribution. The vertical arrangement was divided into three layers and crown
cover was ranges from 22 to 75 and 33 to 83%, respectively. Parkia timoriana and Ficus hispida were ranged
as the highest important value index in both 2002 and 2006. Furthermore, survival rate and growth rate of gap
planting was higher than line planting even though non-significant difference showed in both planting method.
Considering the species,

A. crassna can grow faster than H. odorata and D. alatus clearly in 2010.
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Table 1. Past burning regime of each study plot in the dry dipterocarp forest, Huay Kha Khaeng Wildlife

Sanctuary.
Fire occurrence (yr)"
Burning regime 19951 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004

Frequently burned (FB)

Infrequently burned(IB)

Rarely burned (RB)

Control plot (CB)
Remark : " Grey shading denotes that the plot was burned, as per the results of the satellite image

interpretation and ground truthing.
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Table 2.  Weather conditions during burning experiments. Minimum and maximum values for wind speed,

temperature and relative humidity are given in brackets

Mean value with range in brackets

Burned plots Burning date Burning period Wind speed
Temperature (°C)  Relative humidity (%)
(kmh™)

FB plot 1 28 December 2004 1523-1800 hours 1.7 (0.0-5.1)  30.7 (24.5-37.8) 24.7 (17.2-38.8)
FB plot 2 29 December 2004 1338 —1504 hours 2.8 (0.0-7.6)  31.5(28.6-33.9) 22.6 (19.4-31.0)
FB plot 3 30 December 2004 1310 —1447 hours 3.2 (0.0-8.1)  32.3(29.9-34.1) 18.1 (14.9-23.9)
Average FB 24° 312° 22.1°

IB plot 1 4 January 2005 1320 1505 hours 2.9 (0.0-24.8)  31.4(29.4-33.7) 20.6 (16.7-24.7)
IB plot 2 5 January 2005 1253 —1445 hours 3.6 (0.0-8.8)  31.2(28.7-38.1) 24.4 (17.0-31.5)
IB plot 3 6 January 2005 1315 -1530 hours 2.2 (0.0-6.0)  31.9 (28.6-36.4) 24.8 (20.0-29.1)
Average IB 3.1° 31.6° 228"

RB plot 1 7 January 2005 1312 -1502 hours 2.4 (0.0-7.9)  31.2(29.4-34.3) 24.4(19.7-28.2)
RB plot 2 8 January 2005 1304 —1612 hours 2.2 (0.0-7.8)  32.5(29.5-38.1) 24.9 (13.8-28.7)
RB plot 3 9 January 2005 1343 —1643 hours 2.0 (0.0-5.9)  32.4(29.3-36.3) 23.1(16.5-36.2)
Average RB 22° 322° 239°

Different letters (a, b) indicate significant differences (ANOVA, P < 0.05, followed by Duncan’s multiple

range test) in weather conditions between fire frequency plots.
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Figure 2. Plot layout for fuel and residue determination, burning patterns and the positions of fire and soil

temperature measurements (A), and plot layout for vegetation sampling (B).
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Table 3.  Pre-burn fuel loads and fuel consumption during prescribed fire in relation to different past fire

frequencies. Standard errors are given in parentheses.

Study sites

Fuel category
UB RB IB FB

Saplings (kg m ™) 0.297°(0.057)  0.228°°(0.071)  0.131°(0.047)  0.009" (0.007)

. -2
Seedlings (kg m ) 0.038" (0.009)  0.015"(0.007)  0.024* (0.010)  0.021% (0.005)

Shrubs (kg m ™) 0.029"(0.013)  0.009° (0.003)  0.020° (0.007)  0.002" (0.001)
Herbs (kg m ) 0.007° (0.005)  0.056° (0.028)  0.015"(0.003)  0.017" (0.005)
Grasses (kg m ) 0.008°(0.001)  0.024° (0.006)  0.032°(0.005) 0.095" (0.013)

Leaf litter and small fuel (kg m )  0.844° (0.057)  0.824”°(0.070)  0.669° (0.063)  0.362° (0.032)

Total fuel load (kg m *) 1.22°(0.09) 1.16°(0.09) 0.89°(0.10)  0.51°(0.04)
Fuel consumption (kg m ) n.a. 0.81°(0.02) 0.58"(0.02)  0.43%(0.01)
Fuel consumption (%) n.a. 70" (0.50) 65" (2.01) 84° (1.77)

Different letters (a, b, ¢) indicate significant differences (ANOVA, P < 0.05, followed by Duncan’s multiple
range test) in the fuel category values between the fire frequency plots. Vegetation forms were classified
according to Smitinand (2001). Abbreviations are: FB, frequently burned; IB, infrequently burned; RB, rarely

burned; and UB, unburned control
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Fine fuel loads (kgm-2)

0 2 4 : : 0
Time since fire (years)
Figure. 3. Amounts of pre-burn fine fuel (mean+SE) in a dry dipterocarp forest as a function of time since the

last fire in the Huai Kha Khaeng Wildlife Sanctuary.

Table 4. Quantitative fire behaviour characteristics observed at experimental fires at sites with different past

fire frequencies. Standard errors are given in parentheses.

Past fire frequencies

Fire characteristics
Rarely burned Infrequently burned Frequently burned

Rate of spread (m min ) 1.3(0.2) 2.6"(0.3) 2.7 (1.0)
Flame height (m) 1.2°(0.1) 1.5*(0.7) 1.2°(0.1)
Flame length (m) 1.27°(0.11) 1.53°(0.09) 1.51°(0.22)
Fireline intensity (kW m ") 291" (43) 467" (62) 361" (150)

Different letters (a, b) indicate significant differences (ANOVA, P < 0.05, followed by Duncan’s multiple

range test) in fire characteristics between fire frequency plots.
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Table 5. Overstorey tree characteristics of each burning regime; unburned (CB), frequently burned (FB),

infrequently burned (IB) and rarely burned (RB). Standard errors are given in parentheses.

Burning regime

P- value
FB IB RB CB
Tree density 667" 1344° 1311° 1558"
] 0.000
(indiv. ha™) (547)  (129.0)  (108.2)  (113.0)
14.0 11.1 114 11.6
dbh (cm) 0.092
(1.5) (0.6) (0.5) (0.5)
Basal area 12.9° 17.2° 19.4° 23.6°
o 0.000
(m’ ha™) 2.1) (1.4) (1.4) (1.7)
Crown projection ~ 8221.7°  9984.4™ 12590.1" 16505.8°
0.000

(m’ ha™) (1827.0) (783.8)  (965.2)  (1289.5)

Different letters (a, b, ¢) indicate significant differences (ANOVA, P<0.05, followed by Duncan’s multiple
range test or Kruskal-Wallis test followed by Mann-Whitney U-test) in the tree structure parameters

associated with each of the past burning regimes.

Table 6. Summary statistics for the multi-response permutation procedure (Serensen distances) of the
overstorey species compositions associated with the different past burning regimes; unburned (CB), frequently
burned (FB), infrequently burned (IB) and rarely burned (RB). The results provide a comparison between all

burning regimes, as well as multiple pairwise comparisons of the Serensen distances.

O under null hypothesis
Serensen distance Observed O Expected O Variance  Skewness T P-value A
Overall comparison 0.341 0.500 0.0020 -0.73 -3.55 0.003 0.318
Multiple comparisons
FB vs IB 0.310 0.500 0.0051 -1.74 -2.67 0.024 0.381
FB vs RB 0.333 0.500 0.0033 -2.33 -2.90 0.022 0.333
FB vs CB 0.281 0.500 0.0039 -1.83 -3.49 0.010 0.439
IB vs RB 0.532 0.500 0.0010 -0.39 1.03 0.850 -0.063
IB vs CB 0.491 0.500 0.0014 -0.87 -0.23 0.357 0.017
RB vs CB 0.481 0.500 0.0009 -0.17 -0.64 0.255 0.037
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Figure 4. The seedling ratio (the number of suckers to the number of individuals) before burning and 1 year
after the burning experiment (mean + SE) associated with the different past burning regimes; unburned (CB),

frequently burned (FB), infrequently burned (IB) and rarely burned (RB).
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Table 7. Pre-burning nutrient pools in fine fuels and losses of each element in sites of different burning

regimes: frequently burned (FB), infrequently burned (IB), and rarely burned (RB).

. . 1
Burning regimes

FB 1B RB Average
Element Pools Losses Pools Losses Pools Losses losses

(kgha') (%) (kgha') (%) (kgha') (%) (%)

C 2388.7" 90 4271.5° 70° 5298.9 78° 79.3
N 29.1% 88" 52.4° 63" 70.0° 75 75.3
S 3.0" 63 6.2" 48" 6.7° 54° 55.0
K 40.6" 47° 53.3" 36" 57.8" 20° 34.3
P 2.5 36" 13.0° 24 12.6" 28® 29.3
Mg 17" 39° 26.5" 21° 30.6” 22° 27.3
Mn 0.8" 24 2.8" 19° 3.9 33 25.3
Ca 49.6" 28" 135.6" 18° 121.0° 16° 20.7

Remark: ' Different capital letters within rows denote significant differences in nutrient pools between
burning regimes. Different lower case letters within rows denote significant differences in percent element

loss between burning regimes (ANOVA, P<0.05, followed by Duncan’s multiple range test).
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Table 8. Soil chemical properties of the sites of the different burning regimes before the burning
experiment; unburned (CB), frequently burned (FB), infrequently burned (IB) and rarely burned
(RB). Standard errors are given in parentheses.

Soil chemical Soil depth Burning regime v
properties (cm) CB FB 1B RB
5.49" 5.23° 5.16" 5.14°
0-5
(0.16) (0.15) (0.12) (0.10)
Soil pH
4.45" 427" 4.42° 437"
5-15
0.17) (0.14) (0.09) 0.11)
2.29° 1.09" 1.98° 1.60°
0-5
0.17) (0.16) (0.14) 0.15)
Organic C (%) ‘
0.81° 0.67" 0.86" 0.76"
5-15
(0.06) (0.09) (0.04) (0.10)
0.129° 0.068" 0.103" 0.088"
0-5
(0.008) (0.008) (0.005) (0.007)
Total N (%)
0.050" 0.050" 0.051° 0.046"
5-15
(0.003) (0.004) (0.002) (0.004)
17.75° 16.03" 19.22° 18.18"
0-5
(0.41) (0.64) (0.60) 0.51)
C:N ratio . i e
16.20" 13.40° 16.86° 16.52™
5-15
(0.55) (0.53) (0.58) (0.95)
10.91° 5.66" 46.94° 25.95
0-5
Available P (2.17) (0.62) (8.24) (6.98)
(pg g soil) 5.96" 1.95° 49.11° 27.69"
5-15
(1.07) (0.16) (7.80) 9.71)
97.53° 42.81° 74.22° 65.42°
0-5
CEC (8.47) (7.10) (5.64) (7.06)
(umol ¢ g soil) 45.80° 21.58" 30.31° 28.35
5-15
(3.89) (2.35) (2.39) (2.79)
97.0° 92.8* 97.9* 98.2°
0-5
Base saturation (1.1 3.9 0.9) (0.4)
(%) 77.1° 66.9" 76.8" 72.1°
5-15
4.9) (8.2) .7 (4.6)

Remark: " Different lower case letters denote a significant difference (p<0.05) in soil chemical properties

between past burning regimes.
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Figure 5. Relative changes (%) in C , and cation exchange capacity (CEC) following experimental
burning in previously unburned (CB), frequently burned (FB), infrequently burned (IB) and rarely burned
(RB) sites
Remark: ' Different small letters denote a significant difference (P<0.05) in relative changes between

burning regimes within each sampling period.
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Effects of ant nests on soil respiration in a tropical seasonal forest, Northeast Thailand,
and an insight into “hot spots” of soil respiration
Sasitorn Hasinl, Akinori Yamadaz, Yoshiaki Hashimoto3, Seiki Yamane4, Decha Wiwatwitayal,
Wattanachai Tasen ' and Mizue Ohashi’
Abstract

Many ant species make subterranean nests and bring a mass of organic matter into their nests, of
which carbon is finally released as CO, into the air through the soil layer; the presence of ant nests can be
expected to affect soil respiration, and furthermore might explain the so-called “hot spots” of soil respiration,
which have been shown as an important factor to know carbon budgets in tropical forests. We have aimed to
1) measure CO, efflux rates from nests of the ant and compare them with those of the surrounding soil, 2)
compare the nest CO, effluxes between the ant species, 3) determine controlling factors of CO, efflux with ant
nests respiration.

We measured soil respiration on ant nests by using the EGM-4 CO, Gas Analyzer and SRC-1 Soil
Respiration Chamber (PP Systems, USA). We conducted measurements in a dry evergreen forest in sakaerat
environmental research station, during the rainy season, July to August 2010, and dry season, December to
March 2011. A total of 60 ant nests, comprising 13 dominant species, were used for measurements of soil
respiration on the nests and surrounding soil. The CO, efflux was significantly higher on the nests than on the
surrounding soil (ANOVA; F=17.73,df=1, P=0.001), were 10.1 + 5.47 umol CO, m’s ' and 4.56 + 1.56
umol CO, m’s’, respectively. Our data showed CO, efflux rates from the ant nests were clearly higher than
that from the surrounding soil especially in Anoplolepis gracillipes, Diacamma vagans, Harpegnathous
venator, Odontomachus rixosus, and Pheidole plagiaria (Bonferroni post-hoc test, P < 0.05). Our studies
indicate that subterranean ant nests, especially of the five importance species, could intensively produce CO,,
which could cause the “hot spots” of soil CO, flux within the forest. Since those ants tends to make a simple
structured nest with a big chamber locating near the soil surface, wide entrance hole and high number of
individuals, CO, with a high concentration would be easily released through the small short passage, leading
large soil respiration. More investigations and information to explain potential factors of ant nests affecting
such as the ant nest structure, ant individual, ant activity and nests distribution, would be necessary in order to

obtain an accurate assessment of how the ants affect CO, fluxes in tropical forest ecosystems.
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Abstract

Rainfall and runoff data of five types forested watersheds which covering 10 locations of 7 provinces
of Thailand were taken to study runoff characteristics. These forests are hill-evergreen, moist-evergreen, dry-
evergreen, mixed deciduous and dry dipterocarp forest. The SCS-CN methodology was a tool for developing
the Forested Watershed Runoff model (FWR model).

It was found that average annual rainfall of forested watershed is about 1,896.8 mm and annual runoff
is 23.30 percent of total rainfall. Annual runoff varies from 6.78 percent of dry dipterocarp forest to 42.61
percent of hill-evergreen forest.

In order to operate FWR model, forest types and its covering areas must be indicated. As well as the
topographic score and surface storage score including monthly rainfall are input. Microsoft EXCEL was

selected to be a program for estimating monthly runoff of study forested watershed.
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