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Abstract

Montane forest ecosystems are important for watershed and as habitats for diverse

organisms. They have been greatly modified by various protection land-uses. Therefore,
restoring such ecosystems is a national priority. Fire disturbance is a major barrier for the
success of forest restoration in northern Thailand, particularly during the dry season.
Planting fire resilient saplings could increase restoration success. The objectives of this

study were to quantify the effects of stem diameter on survival and resprouting ability
afterfire, as well as toidentify potential candidate tree species for restoring montane forest

ecosystem in fire-prone areas.

After the accidental burning of 1-, 2-, 14-and 17-year-old restoration plots (planted in 2014,
2013, 2001 and 1998 respectively) during the summer of 2015 (April-May), data were
collected out 3 times (2, 18 and 30 weeks after the fire). Stem diameter, height and the
number of resprouts of surviving trees were measured in 40 x 40 m samplings per plot.
Survival after fire in the older plots (14-and 17-year-old plots) was high (95.3% and 98.6%
respectively), whereas, in the younger plots (1- and 2-year-old plots) it was much lower
(429% and 39.8%, respectively) Moreover, survival, throughout the monitoring, of

younger trees declined more rapidly than that of older trees.



A chi square test, simple linear regression and generalized linear mixed models (GLMMs)

all showed that the survival after the fire increased with increasing stem diameter. Bigger

trees had thicker bark, which protected the cambium from fire, thus reducing mortality
stem necrosis and deformation. Trees with DBH or RCD > 40 mm had almost 100%

survival after fire.

In general, bigger trees produced significantly fewer reprouting shoots than smaller trees

did. Although thick bark on larger stems protected buds from burning, it also inhibited
resprouting by obstructing epicormic bud emergence. This might be associated with bud
senescence, as the trees mature. Focusing on small trees (DBH or RCD <60 mm) the
number of resprouting shoots significantly increased with the stem size. This relationship
is possibly associated with resource storage and therefore helpsto support resprouting.
Resprouting ability increases with stem size, until the trees reach their adult stage. It then

determinates.

A suitability index was calculated from survival, number of resprouting shoots per tree,

and stem relative growth rates. Twelve native tree species were recommended for
restoring areas with high fire risk. Three species were categorized as excellent group
(>75%) (Magnolia garrettii, Bischofia javanicaand Ficus auriculate). Seven specieswere
acceptable (60 - 74%) (Ficus hispida, Heynea trijuga, Prunus cerasoides, Castanopsis

tribuloides, Protium serratum, Sarcosperma arboreum and Hovenia dulcis) and 2 species

were marginal (<60%) (Ficus callosaand Cinnamomum longipetiolatum).

Three quarters of the recommended species have been identified as framework trees for
forest restoration in northern Thailand. The exceptions were P. serratum, F. callosaand C.

longipetiolatum. Although seedlings of high fire resilient species are available for

restoration projects, stakeholders should still implement fire prevention measures, at least
during 2 consecutive years after planting, to keep successional pathway on track towards

the ultimate goals of restoration.
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CHAPTER 1

Introduction

1.1 Background

Montane forest ecosystems are usually found at elevations above 1,000 m above mean
sea level (Santisuk, 2006) and covers Thailand’s most important water catchments. Such
ecosystem types have been greatly modified by various types of land-use, particularly
and shifting cultivation (Delang, 2002). Since the last century, the non-Thai hill people
have illegally settled in mountain chains of the Northern Thailand and consequently
altered the natural montane vegetation (Santisuk, 2006). Although most mountainous
areas in northern Thailand are national parks (36% of all national parks), wildlife
sanctuaries (47% of all wildlife sanctuaries), or other types of protected area (Department
of National Parks, Wildlife and Plant Conservation, 2016). Most of the natural vegetation
cover has been converted into grasslands or open secondary forests, due to logging, forest
fires and social and economic factors (Schmidt- Vogt, 1999; Luukanen, 2001; Laurance,
2007; Frois et al., 2008).

Therefore, forest restoration is urgently required for this most important watersheds in
the Thailand, to prevent run-off and soil erosion (Santisuk, 2006), and to recreate an
ecosystem that can function effectively (Stanturf et al., 2014). In previous forest
restoration and reforestation projects, launched by the government sector, Pinus kesiya
was commonly planted on abandoned areas in northern Thailand (Santisuk, 2006) due
to its fast-growing characteristic (Kiianmaa, 2005). Another species that has been
planted widely is Leucaena leucocephala, because it helps to improve soil fertility and
survives well during droughts (Frois et al., 2008). The use of pioneer species, either
exotic or native species in reforestation projects, is mainly to reduce the growth of

weeds and prevent soil erosion.

A technique with higher diversity is called the ‘framework species method’ which has

been tested for restoring montane forests in northern Thailand over the past 20 years.



This technique employs a mixture of 20-30 native tree species, to accelerate natural
regeneration. It results in a high level of biodiversity recovery in less than 10 years after
planting ( Elliott et al., 2013) . Although practitioners and local communities can
implement restoration appropriately, fires in the dry season are a major problem. Fire
destroys young seedlings and reduces growth. A single fire can eliminate most plants in

a restoration plot, thus deflecting the successional pathway.

Fires are infrequent in montane forest ecosystems. Consequently, tree species in such
ecosystems lack adaptations to fires (Cerda and Robichaud, 2009). Fire disturbance
affects ecosystem regeneration: it destroys the soil seed bank ( Nieuwstadt et al., 2001;
Lentile et al., 2007), and encourages non- forest species to establish after the fire
(Setterfield, 2002; Lentile et al., 2007). Furthermore, in forest restoration projects, fire
obstructs an ecosystems recovery, by burning the planted saplings (Lawes et al., 2011a).
Although, some species grow back after fire (resilience), repeated fires kill small trees

and thus prevent recruitment of adult trees (Lawes et al., 2011a).

In fire- prone ecosystems, trees have resilient characteristics that include thick bark
(Pinard et al., 1999; Hoffmann et al., 2003), the ability to resprout ( Kauffman, 1991)
and/or a high growth rate (Hoffmann et al., 2003). To restore montane forest ecosystems
that are less adapted to fire, native tree species with fire resilient characteristics must be

selected.

Climate change is increasing the risk of more frequent and more intense fires, especially
where increasing temperature is accompanied by lower precipitation or longer dry
seasons (Burton et al., 2010). To prepare for this unpredictable situation, native tree
species that survive after a fire should be identified and promoted in forest restoration.
These native tree species not only restore a forest but also resilient ecosystem, to cope
with unpredictable future fires, increase an ability to absorb changes, and to hold stability
and return to the equilibrium state after disturbance (Holling, 1973). There are only a few
publications on the effects of fire on native tree species in the tropics (Elliott et al., 2003,
Marod et al., 2002). No report has been found on the minimum size of native trees that

are likely to survive after a fire in the montane forest ecosystem in northern Thailand.



This study addressed 3 main research questions:
1) How much does size of native trees affect their survival after a fire?
2) How much does size of native trees affect their resprouting ability after a fire?

3) What are the most suitable fire-resilient native tree species to plant for restoring

montane forest ecosystems in fire-prone areas?
1.2 Hypotheses
1) Post fire survival increases with increasing tree size.
2) Post fire resprouting ability increases with increasing tree size.
1.3 Research Objectives
1) To quantity the effects of tree size on their survival after fire.
2) To quantity the effects of tree size on reprouting ability after fire.

3) To identify potential tree species candidates to be used for restoring montane forest

ecosystems in fire-prone areas.
1.4 Usefulness of the research

1) This study suggests a minimum size of trees which will likely survive better after
burning. Therefore, this knowledge can be used to determine optimum size of seedlings
when no further plot maintenance is needed, also optimum length of time to implement

fire prevention.

2) This study provides a better understanding of relationship between tree size and
resprouting ability after fire disturbance (fire resilience).

3) This study provides a list of potential tree species for restoring montane forest

ecosystem in fire-prone area.



CHAPTER 2

Literature review

2.1 Montane forest ecosystem

Montane forest ecosystems are commonly found above 1,000 m elevation (Santisuk,
2006). It is predominant across most of Thailand’s critical water catchments. Such
ecosystems play an important role in the hydrologic cycle, due to its ability to prevent
run-off after heavy downpours, ensuring continuous stream flow to lower-lying areas and
protection against soil erosion (Ateroffa and Rada, 2000 ; Khamying et al., 2003).
Montane forest ecosystems contain high biodiversity, some families that are commonly
found e.g. Magnoliaceae, Theaceae, Lauraceae, Moraceae and Fagaceae (Santisuk, 2006;
FORRU, 2006).

During the past few decades of rapid economic development, Thailand’s natural resources
have been severely degraded (ICEM, 2003). Montane forest ecosystems have been
modified by various types of land-use, particularly shifting cultivation (Delang, 2002).
Since the last century, people have illegally settled in the mountain chains of the North,
altering the natural montane vegetation (Santisuk, 2006), and increasing the intensity of
land use which has been driven by economic development and population growth
(Santisuk, 2006; ICEM, 2003). Deforestation in northern Thailand caused by land
encroachment, agricultural expansion, intensive shifting cultivation and fire disturbance
(ICEM, 2003; Ongprasert, 201 1). Although patches of trees can be found on northern
mountains land degradation might have caused heavy soil erosion, siltation, flash floods
etc. Continuingly, these events have become serious problems of the country (Maxwell
and Elliott, 2001).

Another major cause of montane forest degradation is fire (Ongprasert, 2011). Due to
high annual humidity in montane forest ecosystems, forest fire is naturally less frequent
compared to other ecosystems in lower elevation (Santisuk, 2006; Hoffman, 2003;
FORRU, 2006; Bruijnzeel et al., 2011). However, using fire to control weeds in highland



agricultural areas is a major cause of fire disturbance in this ecosystem (Bruijnzeel et al.,
2011). Furthermore, climate change could cause some areas to become drier, and
therefore increase fire severity in the montane forests (Cochrane, 2003, Bruijnzeel et al.,
2011).

2.2 Forest restoration in high elevation

SER (2004) proposed that ecological restoration is the process of assisting the recovery
of an ecosystem that has been degraded, damaged or destroyed. The term restoration
could be translated into different meanings or levels of practices in the context of
Thailand. Forest restoration is a specialized form of reforestation. Elliott et al. (2013)
defined forest restoration as re-instatement an ecological process, which accelerates
recovery of a forest’s structure, ecological functioning and biodiversity levels, towards

those typical of a climax forest.

Reforestation in northern Thailand began in 1906 in province of Phrae. Its goal was to
replant teak trees in logging concession areas, and was later expanded to include planting
more tree species in the watershed areas (Royal Forestry Department, 2009). This same
period of time, the Royal Forestry Department focused on planting few species of high
value timber, such as teak (Tectona grandis) and rose wood (Xylia xylocarpa) (Royal
Forestry Department,2009). Later in 1941, they changed their strategy from planting
high value timber species to fast growing species (Kiianmaa, 2005), such as eucalyptus
(Eucalyptus oblique) and pine (Pinus kesiya). Most reforestation programs focused on
montane forest ecosystem, such as in Doi Inthanon National Park (Werner and Santisuk,
1993). Another species that had been planted widely was Leucaena leucocephala. It is
used in many plantations because it helps to improve soil fertility and survives well in
drought condition (Frois et al., 2008). The use of pioneer species, either exotic or native
species in reforestation projects, is mainly to reduce the incidence of weeds and prevent

soil erosion.

Planting few tree species can bring back green cover and some ecological functions but
does little for biodiversity. A restoration technique called framework species method was
first coined in Queensland, Australia, and later adopted in Thailand by the Forest
Restoration Research Unit, Chiang Mai University (FORRU-CMU). It has been scarcely
tested in northern Thailand, since 1997 (FORRU, 2006). This technique calls for planting



a mixture of 20-30 indigenous tree species, to encourage the re-establishment more
balance in the ecosystems (FORRU, 2006) (Figure 2.1). This technique encourages seed
dispersers from nearby intact forests such as birds, squirrels and civets by providing
resources such as fruits and suitable habitats. Its results showed a high level of

biodiversity recovery in less than 10 years after planting (Elliott et al., 2013).

How the Framework Species Method Works

Framework species selection

Planting 20-30 framework species:
weeding & fertiliser application for 2 years
Weeds shaded out, \
site recaptured
Forest structure re-

established (muiti-
layered canopy)
Recovery of ecological
Positive functioning:
feedback « Litter accumulation
* Nutrient cycling
» Fruits and other foods

NV

Conditions for seed - ;
2 s Seed-dispersing
germination & seedling wildlife attracted

survival improved
Positive
feedback

Recruitment: natural re-

establishment of non-
planted tree species

\ Biodiversity recovery
\ Original forest
restored

Figure 2.1: Concept of framework species method (FORRU, 2006)




2.3 Fire disturbance in montane forest ecosystem

For successful restoration in northern Thailand, fire prevention has been widely
emphasized. An ecosystem, affected by fire, has decreased in ecosystems dynamics
(Hoffman, 1996; Schmoldt et al., 1999), ecosystem functionality (Attiwill, 1994), plant
species diversity and plant abundance (Attiwill, 1994; Vaidhayakarn and Maxwell, 2010).

In many tropical forest ecosystems, fires damage mature vegetation (Maxwell and Elliott,
2001), affect ecosystem regeneration, and destroy the soil seed bank (Maxwell and Elliott,
2001; Nieuwstadt et al., 2001; Lentile et al., 2007). Ground flora dominated by fire
resistant-grasses are proliferated and therefore can obstruct forest recovery (Maxwell and
Elliott, 2001; Setterfield, 2002; Lentile et al., 2007).

In Thailand, fire disturbance is common in deciduous forests, and sparsely occurs in
evergreen forests which contains high moisture biomass content (Junpen et al., 2013).
Fire occurs during dry season (December to May), which peak in March (Junpen et al.,
2013). The Forest Fire Control Division of the Royal Forestry Department (FFCD) (2011)
reported that all fires are human-caused with various reasons (% of incident) including
gathering of forest non-timber products (39%) such as mushroom, hunting (24%),
agriculture residue burning for land clearing before the next crop (19%), incendiary fire
(10%), illegal logging (2%) and other (6%).

Junpen et al. (2013) reported fire hotspot mainly occurs in upper northern, western, upper
northern eastern, and east side of the northeastern regions in Thailand. The study of fire
hot spots in Thailand during 2005 - 2009 found the intensity of fire hotspot in 2007, which
El Nino occurred in this year (Junpen et al., 2013) (Figure 2.2). Furthermore, Cochrane
(2001) reported that climate change is one of major causes of drier and higher
temperatures in the dry season, which can contribute to higher intensity and frequency of
fire disturbance in terrestrial ecosystems. Climate change may increase the likelihood of
fire disturbance in montane forest ecosystem where fires are less frequent (Hoffman,
2003; FORRU, 2006; Bruijnzeel et al., 2011). Therefore, plants in this ecosystem that
barely evolved along with frequent fires, are more likely to disappear after a fire
(Hoffman, 2003; Conchrone, 2003; ICEM, 2003; Marrinan et al., 2005).
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Figure 2.2: Forest fire hotspots density distribution on yearly scale for (a) 2005, (b) 2006,
(c) 2007, (d) 2008, (e) 2009, and (f) cumulative forest fire hotspots density distribution
during 2005 - 2009 (Junpen et al., 2013)

2.4 Factors affecting survival after fire disturbance

Fire kills trees by destroying the cambium during burning. However, post-fire mortality
is a consequence of stem necrosis (Dickinson et al., 2004; Bova and Dickinson, 2005)
and stem deformation (Michaletz et al., 2011). Stem necrosis is a cause of preventing
downward translocation of photosynthate, trees will survive until root starvation (Nobel,
2005). Stem deformation is another cause of post-fire mortality. In normal stages, lignin,
hemicellulose and cellulose polymer in the conduit wall are hard and glassy, but soft in
high temperature. Heating softens cell walls and sap surface tension. These components
become permanently deformation in cooler stages after a fire, and results in permanent

disruption of xylem flow and reduce hydraulic conductivity (Michaletz et al., 2011).

Many studies reported that post-fire survival is correlated with bark thickness (Pinard et
al., 1999; Hoffmann et al., 2003; Midgley et al., 2010; Lawes et al., 2011a; Lawes et al.,



2011b; Xaub et al., 2013), that protect epicormic buds, cambium, hydraulic system and
stem injury. Bark slows the heat transfer to cambium, that prevents stem necrosis (Bova
and Dickinson, 2005), deformation (Michaletz et al., 2011) and failure of the hydraulic
system (Midgley et al., 2010). Several studies in tropical forests showed positive
relationship between bark thickness and stem diameter in tropical species (Bova and
Dickinson, 2005; Midgley et al., 2010; Lawes et al., 2011a). Therefore, bigger trees have
thicker bark and higher survival ability after fire. Forest species require considerably

greater stem diameter to ensure stem survival during a burn (Hoffmann et al., 2003).
2.5 Factors affecting resprouting ability after fire disturbance

Resprouting is the response of initial growth from buds follow disturbance; this response
implies the potential for repeated vegetative regeneration from a source of protected buds
and meristem (Clarke et al., 2012). This trait is important for achieving persistence at the
species level and can survive diverse disturbances (Marrinam et al., 2005; Vesk and
Westoby, 2004; Clarke et al., 2012). Resprouting is also resilient to severe disturbances
at the community level, which might have caused consequences on vegetation dynamics,
community composition, and species coexistence (Poorter et al., 2010; Clarke et al.,
2012).

The influences and consequences of resprouting from individuals to communities are
discussed in several publications (Figure 2.3). Clarke et al. (2012) proposed a new
conceptual framework for resprouting theory, the buds-protection-resources (BPR)
scheme. This concept considered resprouting as a plant functional trait based on bud
location, their protection, and resourcing of regrowth, in response to disturbance (Clarke
et al., 2010; Lawes and Clarke, 2011; Hoffmann et al., 2012) (Figure 2.3).
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Figure 2.3: The influences and consequences of resprouting from individuals to

communities (Clarke et al., 2012)

Protecting buds from scorching flames is an important factor for resprouting (Kauffman,
1991; Marrinam et al., 2005). Clarke et al. (2012) summarized that this factor contains 4
mechanisms; there are growing rapidly, a thicker stem, thick bark and special protection.
First, rapid growth helps plants to reach an escape height which allows buds in the crown
to escape being scorched. Secondly, thicker stem helps to buffer the xylem against
hydraulic failure. Thirdly, thick bark protects xylem and phloem from fire damage;
however in a forest ecosystem where fire is less selective, bark thickness inhibits
resprouting by hindering epicormic bud emergence. Special protection is the last
mechanism that depends on species, such as deeply embed meristems protection of

Eucalyptus.

When a plant loses above ground biomass from a disturbance, resources allocation to
stem and root is a potential source to support resprouting (Clarke et al., 2012).
Carbohydrate reserve was reported as the important resource (Bond and Midgley, 2001;
Shibata et al., 2016), which correlated with the root size (Shibata et al., 2016). Clarke et
al. (2012) also reported that in more fire-prone system, allocation of resources to roots is

increased.
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Furthermore, bud senescence also affects resprouting ability, but decreases with age. Bud
senescence involves with genetics, physiological and anatomical change (Clarke et al.,
2012). Bond and Midgley (2001) found that resprouting ability is more common in
juveniles than adults. The study in a tropical forest in Malaysia by Kauffman (1991) found
the significant inverse relationship between resprouting and stem diameter, bigger trees
have lower resprouting ability. Similarly, failure rate of resprouting was observed in older
oak tree with thicker bark (Johnson et al., 2002).

2.6 Fire resilience of indigenous tree species in montane forest ecosystem

Ecological resilience is defined as an amount of disturbance that an ecosystem could
withstand without changing self-organizing processes and structures (Gunderson, 2000).
Each ecosystem has a certain ability to absorb changes, hold, maintain stability and return
to the equilibrium state after a disturbance (Holling, 1973). In any ecosystem, there is a
disturbance threshold, a critical point at which an ecosystem could switch to another state
(Standish et al., 2014). Small disturbances might cause ecosystem shift, if resilience is
lacking. On the other hand, an ecosystem with high resilience can withstand a high
intensity disturbance. The stability of any ecosystem depends on two factors; level of

disturbance and ecosystem resilience (Standish et al., 2014).

Nieuwstadt et al. (2001) who studied burned forest of east Kalimantan in Indonesia,
suggested 4 main processes to recover after burnt; they were tree survival, resprouting of
damaged trees, germination of seeds from seed bank and the seed rain. Resprouting after
fire disturbance is an effective persistence mechanism after a fire disturbances (Marrinam
et al., 2005) by a shorten time to recovery with a rapid regrowth (Kauffman, 1991,
Marrinam et al., 2005; Lawes et al., 2011a) and a greater capacity for exploitation of
limited resources in tropical forest (Kauffman, 1991). Four factors affecting on
resprouting ability including intensity of disturbance, size, resources allocation and post
neighboring vegetation (Bond and Midgley, 2001; Vesk and Westoby, 2004).

Knowledge of fire resilience of indigenous tree species in montane forest ecosystem is
essential for restoration. Forest restoration which is aiming to recover this forest type
ought to be concerned about planting native tree species with fire resilient characteristics
(FORRU, 2006). Only one study on fire resilience of native tree species from montane

forest ecosystem exist; Elliott et al. (2003) reported that by three growing seasons after
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planting (trees were 33 months old), most framework tree species are large enough to
recover well after fire, whereas younger trees (21 months old) showed greater variability
in their response. However, no statistical analysis was performed to explain this

interesting finding.
2.7 Restoring a resilient ecosystem in changing climate

Fire severity may increase with dryness due to climate change (Cochrane, 2003,
Bruijnzeel et al., 2011). The highest intensity of fire hotspots reported in 2007 when EI
Nino occurred (Junpen et al., 2013). Climate change has become more obvious and
caused serious consequences currently. Therefore, restoring biodiversity and ecological
processes might not be enough to withstand this change. Restoring ecosystem resilience

may be an effective way to build adaptive capacity to climate change (Padgham, 2014).

Bernhardt and Leslie (2013) reported mechanisms that enhancing the resilience: diversity,
connectivity and adaptive capacity. Biodiversity is increasing the likelihood of some
species and/or functional groups that they are resistant to disturbance, to compensate
some species within community and facilitate ecological processes. Multiple forms of
connectivity can stabilize ecosystems and enhance recovery following a severe

disturbance. Adaptation to climate change is an important trait to survive new condition.

In ecosystems with resistance species or species that are able to recover quickly following
disturbance, these are able to maintain ecosystem processes that sustain function and lack
of loss in productivity (Padgham, 2014). In the planning process of forest restoration,
diversity of native tree species, connectivity between species and /or family, and species
with fire adaptation, is needed to create fire resilient systems: this should be integrated

holistically.
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CHAPTER 3

Methodology

3.1 Site Description

Four different forest restoration plots with varying ages were selected for this study.
The youngest plot (1-year-old) was in Mon Long (ML) area and the second plots (2-,
14- and 17-year-old plots) were near Ban Mae Sa Mai and Ban Mae Sa Noi (BMSs). All
plots were in the Mae Rim district, in the north of Chiang Mai province, in northern
Thailand (Figure 3.1 and Table 3.1). Mon Long (ML) is the highest mountain in the
Mae Rim district at about 1,450 m a.s.l. The ML plot was located slightly below the
highest point between 1,350 - 1,380 m a.s.l. Ban Mae Sa Mai/Ban Mae Sa Noi (BMS)
are Hmong villages located at about 1,200 m a.s.l. BMSs plots are situated about 3 km
further from the villages between 1,260 - 1,320 m a.s.l. Annual mean temperature
during this study (2015) was between 22 - 23 degree Celsius, average rainfall was
between 1,350 - 2,500 mm/year and relative humidity was 70 - 80% (Mae SA Mai
Royal project, 2016 - unpublished information).

Before the 1960s the land in northern Thailand was covered with montane forest.
Dominant tree families in this forest ecosystem sites were Magnoliaceae, Theaceae,
Lauraceae and Fagaceae (Werner and Santisuk, 1993). Such forests have been
extensively cleared and replaced with cash crops e.g. cabbages, maize, carrots, lettuces,
etc. Intensive maintenance and heavy chemical inputs are required continuingly for
these crops. Before restoration activity began in 1997, the abandoned fields were
previously dominated by herbaceous weeds such as Pteridium aquilinum (L.) Kuhn
(Dennstaedtiaceae), Bidens pilosa L., Ageratum conyzoides (L.) L., Eupatorium
odoratum L. (all Compositae), Commelina diffusa Burm.f. (Commelinaceae) and
grasses e.g. Phragmites vallatoria (Benth.) Mabille, Imperata cylindrical (L.) Raeusch

and Thysanolaena latifolia (Roxb. Ex Hornem.) Honda (both Gramineae).

13



Forest fires are common during the dry season in northern Thailand. Although fire
breaks were created around all restoration plots in both ML and BMSs sites, some plots
were partially burned due to various factors; topography (e.g. fire can easily cross a fire
break strip in an area with steep slopes), location in the landscape (e.g. the plots are
surrounded with agricultural activities which usually use fire to clear away weeds), and
lacking a holistic plan of fire management. Fire entered BMSs plots in mid-April 2015.
An 80,000 m2 area was burned. Later in early May 2015, the same thing happened over
an area of 960 m2 in ML plot.

Table 3.1 GPS coordinates of all studied restoration plots

_ Planting | Plot age | Planted area : Elevation
Site GPS coordinates
year (year) (M2) (m)

N 18° 55’ 22.50”°
ML 2014 1 960 1350 - 1380
E 98° 50’ 27.90”°

N 18°51°19.80”
MSMs 2013 2 3,200 1260 - 1290
E 98° 50’ 53.29”

N 18°51° 25.26”°
MSMs 2001 14 1,600 1280 - 1310
E 98° 50° 57.60”°

N 18° 51° 27.24”
MSMs 1998 17 1,600 1280 - 1320
E 98° 50° 53.29”°
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Figure 3.1: Map BMSs and ML restoration sites
3.2 Studied species

A total of 39 native tree species were studied because they had a minimum of five
surviving trees after the fire in the summer of 2015. The list of all studied species is
presented in Table 3.2, only Prunus cerasoides existed in all plots. There were 6, 23, 14
and 18 species presented in 1-, 2-, 14- and 17-year-old plot (planted in 2014, 2013, 2001
and 1998 respectively).
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Table 3.2 The number of surviving trees in all studied plots

Number of trees

Scientific name Family
ly |2y |14y |17~y
Acrocarpus fraxinifolius Arn. Leguminosae |5
Alangium kurzii Craib Cornaceae 6
Artocarpus nitidus Trécul Moraceae 18 18
Bischofia javanica Blume Phyllanthaceae 37 6 41
Castanopsis acuminatissima ( Blume)
Fagaceae 25 8

A.DC.
Castanopsis calathiformis (Skan)

; Fagaceae 7
Rehder & E.H.Wilson
Castanopsis diversifolia ( Kurz) King

Fagaceae 6
ex Hook.f.
Castanopsis tribuloides (Sm.) ADC. | Fagaceae 8 16
Choerospondias axillaris ( Roxb. ) _
) Anacardiaceae 18 |7 20

B.L.Burtt & A'W.Hill
Cinnamomum iners Reinw. ex Blume | Lauraceae 30 7
Cinnamomum longipetiolatum H.W.Li | Lauraceae 6
Diospyros glandulosa Lace Ebenaceae 27 8
Duabanga grandiflora (DC.) Walp. Lythraceae 8
Ficus altissima Blume Moraceae 9
Ficus auriculata Lour. Moraceae 40
Ficus callosa Willd. Moraceae 34
Ficus hispida L.f. Moraceae 29
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Table 3.2 The number of surviving trees in all studied plots (Continued)

Number of trees
Scientific name Family

ly |2y |14y | 17-y
Ficus subulata Blume Moraceae 6
Garcinia mckeaniana Craib Clusiaceae 6
Gmelina arborea Roxb. Lamiaceae 6
Helicia nilagirica Bedd. Proteaceae 13
Heynea trijuga Roxb. ex Sims Meliaceae 30 6
Hovenia dulcis Thunb. Rhamnaceae 37 8
Magnolia baillonii Pierre Magnoliaceae 27 15
Magnolia garrettii (Craib) V.S.Kumar | Magnoliaceae 24 10
Markhamia stipulata (Wall.) Seem. Bignoniaceae 5
Melia azedarach L. Meliaceae 11
Ocotea lancifolia (Schott) Mez Lauraceae 7
Podocarpus neriifolius D. Don Podocarpaceae 25
Protium serratum (Wall. ex Colebr.)
Engl. Burseraceae 26
Prunus cerasoides Buch. -Ham. ex
D.Don Rosaceae 6 22 56 14
Pterospermum grandiflorum Craib Malvaceae 34
Quercus semiserrata Roxb. Fagaceae 7 5 10
Sapindus rarak DC. Sapindaceae 16
Sarcosperma arboreum Hook.f. Sapotaceae 23 10 19
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Table 3.2 The number of surviving trees in all studied plots (Continued)

Number of trees
Scientific name Family
1y |2y |14y 17-y
Scleropyrum pentandrum ( Dennst. )
Santalaceae 14
Mabb.
Styrax benzoides W. G. Craib Styracaceae 10
Syzygium albiflorum (Duthie ex Kurz)
Myrtaceae 6 8
Bahadur & R.C.Gaur
Syzygium tetragonum ( Wight) Wall.
yeyd ! (Vvenn Myrtaceae 21 14
ex Walp.
Total species 6 23 14 18

3.3 Data collection and data analysis

A 40 x 40 m sampling plot was established in each restoration plot that had been burnt
in 2015 (planted in 1998, 2001 and 2013 at BMSs), except the plot planted in 2014 at
ML where two sampling plots were laid out due to the size of burned area. The distance
between each plot in BMSs was about 200 m, whereas only one plot was located in the
ML site.

3.3.1 Tree size and survival after a fire disturbance

The plots were surveyed 3 times during this study; 2 weeks (end of dry season),
18 weeks (beginning of rainy season) and 30 weeks (end of rainy season) after the
plots had been burned (during April and May 2015). Girth at breast height (GBH)
of all trees that survived was measured unless they were smaller than 10 cm, then
their root collar diameters (RCD) were measured instead. GBH was then

converted to diameter at breast height (DBH) for data analysis.

According to DBH measured from the last monitoring (30 weeks after fire), the

trees were grouped into 13 classes (40 mm interval in each class), then calculated
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their survival percentage. Trees sizes with stem diameter between 1 - 40 mm were
analyzed by Chi-square test at 95% confidence interval. This test was conducted
to assess the survival of burnt tree at 30 weeks after fire, response in difference
size of tree. Trees with DBH < 4 0 mm were grouped into 8 classes (5 mm

interval), and grouped into bigger group if not significant for testing Chi-square.

Simple linear regression used to explore relations between stem diameter (only
tree that DBH < 40 mm) and survival after fire. The survival at 30 weeks after fire
disturbance was response variable and stem diameter was explanatory variable.

R2 was interesting in figure out the correlation of this relation.

Only small trees (DBH between 1 - 50 mm) were analyzed by a generalized linear
mixed models (GLMMs) with a binomial family test in the R program version
3.3.1, to determine the effects of tree size on their survival after fire. Trees were
categorized as dead (0) or alive (1) and then used as a dependent variable. Tree
stem diameter (DBH or RCD) was used as an independent variable (fixed effect).
For 1- and 2-year-old plot, the size monitored from before the fire in the summer
2015 (November 2014 and December 2014 respectively) was used. Unfortunately,
this data is not available for the old plots, so the size of surviving trees monitored
at 2 weeks after burning was used for the 14 - and 1 7 -year-plot. In addition,
planting plots were carried out as another independent variable (random effect) to

reduce the variance of size on survival ability in GLMMs analysis.
3.3.2 Tree size and resprouting ability

In addition to tree survival from 3.3 1, the number of resprouting shoots were
recorded from all plots. For all trees that survived during the last monitoring (30
weeks after a fire event), they were grouped into 17 classes (30 mm range in each

class) to represent the ability of resprouting.

Only trees with a stem diameters between 1 to 2 1 0 mm were subsequently
analyzed using generalized linear mixed models (GLMMs) with a Poisson family
test in the R program version 3.3.1. To determine the effects of tree size on its
resprouting ability, stem diameter (same data used in 3.3 .1) was used as an
independent variable (fixed effect), while the planting plot was assigned as a

random effect.
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3.3.3 Suitability index

A suitability index was calculated from the data of the young plots (1- and 2-year-
old plots). This index aims to select suitable native tree species for restoring forest
ecosystem in fire-prone sites. Three different variables were selected; (i) survival
percentage (ii) relative growth rate (RGR) of stem diameter and (iii) resprouting
ability (number of resprouting shoots after fire) of each native tree species.

(1) Survival percentage of each native tree species was calculated as a
proportion of the number of trees survived before fire disturbance and

during the last monitoring (30 weeks after the fire).

Number of survived trees

x 100

: 0/) —
Percent survival (%)) Total number of trees

(i) RGR was presented as a percentage of growth in one year (365 days).

Relative Growth Rate (RGR) = In(62)-1nG1) » 365 x 100

T2-T1
Where; G1 = Stem diameter (mm) at 1st monitoring (2 weeks after fire)
G2 = Stem diameter (mm) at 3 monitoring (30 weeks after fire)
T1 = Date of 1% monitoring (2 weeks after fire)
T2 = Date of 3 monitoring (30 weeks after fire)

(i111) Resprouting ability was presented for each species as a proportion of
the number of resprouting shoots and the number of all burned trees.

No. of resprouting shoot

Resprouting ability =

Every trees that burnt

The highest value from all three parameters was then selected and then
converted into a score, ranging from 0 to 100. The survival percentage was
multiplied by two after converting due to their importance to fire resilience.
All scores were summed for each species and they were again ranked from 0
to 100.
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CHAPTER 4

Results and discussion

4.1 Percent survival after fire between old and young plot

Figure 4.1 presents survival following fire. By the 3™ monitoring (30 weeks after fire),
the percent survival of trees in the 1-, 2-, 14- and 17-year-old plots was 42.8, 39.8, 95.3
and 98.6 respectively. Inspection of the trees in the 14- and 17-year old plots revealed no
immediate mortality due to fire (so 1% monitoring survival was 100% ), whereas pre-fire
surveys in the younger plots was used to calculate immediate mortality as a result of the

fire.

Trees in the older plots (14- and 17-year-old plots) survived well (mean survival across
species 95.3% and 98.58% respectively). These remaining trees can be seed source for
post- fire ecosystem recovery. Furthermore, forest structure remained largely intact,
retaining shady conditions. This result agreed with those of Swaine (1992), who also
found that standing trees remaining after fire provide seed sources and shady conditions
in dry forest in western Africa.

In contrast, tree survival after burning in the 1- and 2-year-old plots was much lower
(mean across species 42.9% and 39.8, respectively) which shows the greater
susceptibility of small trees to fire mortality. Fire opened up the younger plots, reducing
canopy cover and allowing grasses and herbs to re-invade the sites. This result was similar
to that obtaining in Australian tropical forest by Setterfield (2002) who also reported that
grass and forb ground cover increased after fire. Such invasion by grasses and vines after
fire has also been reported in the Amazonia rain forest (Cochrane, 2003).

Invasion by grasses can increase flammability and increase the subsequent fire risk
(Pinard et al., 1999; Bond and Keane, 2017).
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Figure 4.1: Survival percentage of native tree species at 1%, 2" and 3" monitoring after

fire in each plot
4.2 Percent survival after fire between monitoring

In the younger plots, mortality continued to occur throughout the 30 weeks of the study
whereas in the older plots very little additional mortality occurred after the 2" monitoring
(Figure 4.1).
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Throughout monitoring, survival percentage of younger trees in this study was more
rapidly decreased than older trees, assuming that younger trees faced cambium injury
which could cause tree mortality within weeks (Michalet et al., 2011). In Amazonian
forest, fire damage continued to kill the trees during 1 and 3-years post fire due to death
of the cambium (Barlow et al., 2003). A similar phenomenon was reported in West
African forest up to 2 — 4 years die back after fire (Swaine, 1992). Therefore, cambium
die-back after fire is an important cause of tree mortality in montane forest ecosystems in

northern Thailand, if fires become more frequent or more severe.

Apart from cambium die back, heat is also an important cause of xylem and phloem
deformation. Heat reduces xylem conductivity by deform conduit wall, and later become
permanent deformation at lower temperature (Michalet et al., 2011). Unlike younger
trees, several older trees might not die from cambium die back but facing conduit
deformation. With tree conduit deformation, the trees can survive longer period until store

carbon reserves are deplete (Michalet et al., 2011).
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Figure 4.2: Number of studied trees (a) and percent survival after fire (b) of 13 classes,

stem diameters were classified with 40 mm in each class
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4.3 Effects of tree size on survival after fire

Thirteen classes of burned trees were categorized by stem diameter (40 mm interval). The
size before burning was used for 1- and 2-year-old plot, whereas data from 1st monitoring
was used for 14- and 17-year-old plot. In figure 4.2 (a), mean stem diameter represents
each size class, the smallest size class (stem diameter <40 mm; mean = 20 mm) consists

of the highest number of studied trees, while smaller numbers are in bigger size classes.

Figure 4.2 (b) shows percent survival after fire of trees in each size class, smaller trees
were more vulnerable to fire than large ones were. This figure shows that trees larger than
40 mm stem diameter had a 94-100% chance of survival, where as those <40 mm stem

diameter had a more or less equal chance of dying or surviving (51% chance of dying).
4.3.1 Chi-square test

Looking more closely at the smallest size class (stem diameter <40 mm) (Fig. 4.3),
a steady increase in survival with size class can clearly be seen from 29% for the
smallest trees to 100% for the largest. A chi-square test was performed to examine
the relation between stem diameter and survival after fire. | separated trees into 8
groups by the stem diameter, 5 mm in each class. And | grouped trees that not
significant between group, 4 groups were interesting; they were 1.0 — 9.9 mm, 10.0
—24.9mm, 25.0 - 34.9 mm and 35.0 — 40.0 mm. Chi-square tests revealed that
increases in survival from DBH size classes 1.0 — 9.9 mm to 10.0 — 24.9 mm ( X2
(1, N= 487) = 3.841), from 10.0 - 24.91t0 25.0 — 34.9 mm (X? (1, N = 330) =
3.481) and from the latter to 35.0 — 40.0 mm (X2 (1, N = 70) = 3.481) were highly

significant (p = 0.05). Increasing stem diameter significantly increased survival.
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4.3.2 Simple linear regression

Figure 4.4 shows a linear relationship between mean stem diameter and percent
survival after fire. The results of the regression indicated a positive significant effect
between stem diameter and survival (R? = 0.9634, p = 1.59 x 10°%). It was found

that significantly predicted tendency (B1= 2.064, p = 0.002), as did agreeableness

(Bo=20.609, p = 1.59 x 10°).
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Figure 4.4: Linear relationship between mean stem diameter and percent survival after

fire
4.3.3 GLMMs

GLMMs was carried out, to test the effects of stem diameter on survival, after fire.
Only small trees (stem diameter <50 mm) were focused on this section. Figure 4.5
shows a significantly positive relationship between stem diameter and survival
chance (co-efficient estimate + SE =0.10 + 0.01, z = 6.90, p = 5.3x10!?), increasing
of stem diameter contributed to higher chance of survival after fire. In montane
forest, the trees with stem diameter bigger than 40 mm tend to survive better (Figure
4.5).

This trend is similar to that reported in studies in the tropical forests in South
America and Asia. In tropical Amazon forest, Xaub et al. (2013) reported that
survival of trees (>10 cm DBH) after fire was between 79-92%, while similar
survival percentage observed in bigger trees from sub-humid tropical forest in
eastern Bolivia (84% from trees with DBH >40 cm) (Pinard et al., 1999). In Eastern
Kalimantan, Indonesia showed wide range of survival percentage after fire among

species (20-95%) of the trees that have DBH > 30 cm (45% survival in average)
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(Nieuwstadt et al., 2001). Unsurprisingly, smaller trees with DBH <5-10 cm,
showed lower survival percentage after fire, broader range (1-40%) had been
reported from tropical Asian forest (Slik and Eichhorn, 2003; Nieuwstadt and Sheil,
2005) compared to 26% from tropical Amazon forest (Pinard et al., 1999).
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Figure 4.5: Relationship between stem diameter size and chance of tree survival after fire
predicted by GLMMs, pink dot is observed value, blue line is predicted line and dash line

Is 95% interval for the regression line

The studies from Amazonian tropical forests reported high survival chance after
fire of trees with a minimum of 10 cm DBH for (Xaub et al., 2013), especially trees
with double size stem (DBH > 20 cm) can protect cambium tissue from fire
(Cochrane et al., 1999). Fire transfers heat to tree stem that causes stem necrosis
(Bova and Dickinson, 2005; Midgley et al., 2010) and stem deformation (Michalet
et al., 2011), both affect survival after fire. Stem necrosis from fire prevents the
downward supply of photosynthates and causes of hydraulic system failure
(Midgley et al., 2010). In addition, fire reduces xylem conductivity because of
vessel deformation and changing in sap surface tension (Michalet et al., 2011).

Both intensity of stem necrosis and deformation correlated to the bark thickness,
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which corresponds to a stem diameter (Bova and Dickinson, 2005; Midgley et al.,
2010). Thick bark prevents heat transfer to vascular cambium, so, thicker bark trees

had higher percent survival after fire.

In an ecosystem with frequent fire, in resources are allocated to the bark as a defense
component to fire, such as Pinus species which inhabit in frequently burned area
(Jackson et al., 1998). However, the studies of relationship between tree bark and
stem size in tropical forests in south central Brazil (Hoffmann et al., 2003) and
Australia (Lawes et al., 2011a) showed positive relationship between bark thickness
and stem diameter in tropical tree species, bigger tree usually comes with thicker
bark.

Bark thickness was considered as a strong strategy to prevent stem from fire (Pinard
et al., 1999; Hoffmann, 2003; Xaub et al., 2013; Lawes et al., 2011a; Lawes et al.,
2011b). In savanna ecosystems, with annual fires, bark thickness is an important
component to prevent the cambium from burning (Hoffmann et al. 2003, 2003;
Lawes et al., 2011a). Even in tropical forest in Amazonian where fires are rare, the
thicker bark tree showed higher ability to survive after fire than the thin bark
(Cochrane et al., 1999).

Therefore, bigger trees in this study assumed to have thicker bark that provided a
fire defense component, which showed in the results of higher survival percentage

in bigger trees in montane forest ecosystem, northern Thailand.
4.4 Percent survival of native tree species in each plot

From 4.3, bigger stems had increased chance of survival. However, different species
might contain different traits to survive after fire. Therefore, looking into the species level
could contribute to better understanding about this relationship between stem size and
survival after fire. The size of the largest tree that died and the smallest tree that survived

of each species can provide useful guidance to restoration practitioners.

28



4.4.1)1-year-old plot

Figure 4.6 shows the survival percentage of six species in 1-year-old plot after fire
in May 2015. Three species showed good survival performance (>50%); they were
C. tribuloides, C. longiopetiolatum and P. cerasoides. While three other species
expressed low survival percentage (<40%); A. kurzii, Q. semiserrata and A.
fraxinifolius. According to Elliott et al. (2003), percent survival after fire has been
suggested as one of the criteria for selecting framework species in northern
Thailand (Elliott et al., 2003). With this standard, C. tribuloides was the only one
that could be categorized as “excellent” (75% survival), while C. longiopetiolatum
and P. cerasoides were “acceptable” (50% survival), and the rest were rejected due

to low survival percentage after fire.

When considering the largest tree of each species that died after fire, the size of the
largest tree of C. tribuloides (only one species in the excellent group) was the
smallest among all species (4.5 mm). Not much different with other 2 species in the
acceptable group, the largest tree of C. longiopetiolatum and P. cerasoides was 5.4
and 5.0 mm respectively. For these 3 species, the average of smallest stem that
survived and the largest stem that died were 3.0 and 5.0 mm respectively. Unclear

relationship between stem size and survival ability was found in this plot.
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Figure 4.6: Survival percentage and stem size of the largest tree that died and the smallest

tree that survived in 1-year-old plot (planted in 2014)

Jackson et al. (1998) found that oak species tend to have thicker bark in more
frequent fire-prone habitat. Compare to other plots, fires were more frequent in 1-
year-old plot as the evidences from burning were commonly found on the standing
trees and rocks in this plot. Bark of C. tribuloides is thick (FORRU, 2006), even in
young saplings this trait could help on protecting an injury from fire.

A trait of C. longiopetiolatum was never studied. However, Cinnamomum
caudatum, which was the same genus of this species, was studied before. Survival
and growth rate of C. caudatum at 17 months old was unacceptable (37.5% survival
and height shorter than 1.25 m), but percent survival after fire at 21 months old was
60% (Elliott et al., 2003). The results from Elliott et al. (2003) showed better

survival after fire.

Percent survival of 1- year-old P. cerasoides was slightly lower (50%) than 21-
month-old (60%,), compared with Elliott et al. (2003)’s. Moreover, FORRU (2006)
reported rapid growth of this species that could contribute to larger stem and thicker
bark.
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4.4.2) 2-year-old plot

Figure 4.7 shows the survival percentage after the plot was burned in April 2015.
Using the minimum field performance standard for selecting framework tree
species in evergreen forest sites in northern Thailand (Elliott et al., 2003), four
categories have been proposed according to percent survival after fire. Excellent
performance (>70%) included M. garretii (83.3%), B. javanica (78.4%) and F.
auriculata (70.0%). Acceptable performance (50 — 69%) included P. serratum
(61.5%), P. cerasoides (59.1%) and H. trijuga (56.7%). Four species in marginal
performance group (45 — 49%); they were H. dulcis (48.6%), F. hispida (48.3%),
S. arboreum (47.8%) and F. callosa (47.1%). The remaining 13 species were in

rejected group (< 45%).
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Figure 4.7: Survival percentage, the largest tree that died and the smallest tree that

survived in 2-year-old plot (planted in 2013)

The species in excellent (M. garretii, B. javanica and F. auriculata) and acceptable
(P. serratum, P. cerasoides and H. trijuga) groups are interesting to investigate
further for future implementation. Seedlings of M. garrettii and F. auriculata grow
well in the restoration sites (FORRU, 2006), this characteristic could contribute to

larger stem and therefore thicker bark. This relationship has been commonly

31



reported in tropical forests (Hoffmann et al., 2003; Lawes et al., 2011a). In addition
to rapid growth, F. auriculata can grow dense root system which able to help
increasing the size of protection structure (‘e. g. bark) and containing high
carbohydrate, which therefore increasing the ability to resprout (Shibata et al.,
2016) and survive after fire. The last species in this group, B. javanica showed
positively fire resilient performance after fire. Higher percent survival found in
older saplings, 87% at 33 months old in Elliott et al. (2003)’s study, and 78.4% at
24 months old in this study.

In the acceptable group, P. serratum had the highest percent survival after fire
among other species (61.5%), whereas no existing data to compare elsewhere. Next
on the list was P. cerasoides, their saplings showed similar survival percent after
fire (about 59-60%) in this study and Elliott et al. (2003)’s. Similar to B. javanica
in the previous group, H. trijuca showed higher percent survival when the saplings
were older (67.0% at 33 months old) in Elliott et al. (2003)’s compared to this study
(56.7% at 24 months old). It is still unclear why this species performed better among
other studied species, however rapid growth has been emphasized to be an
important characteristic of the species with fire resilience (e.g. P. cerasoides).

The mean stem diameter of biggest tree that died of these 6 species was 22.0 mm.
And the mean stem of smallest tree that survived was 7.2 mm. Among all six species
in both excellent and acceptable groups, the biggest difference between the largest
tree that died (30 mm) and the smallest tree that survived (6 mm) was found in P.
cerasoides. Apart from the size of stem diameter, fire intensity (Slik and Eichorn,
2003) and duration of heating (Lawes et al., 2011) were an important cause of
survival. Therefore, the bigger trees with higher fire intensity and/or longer duration
of heating might lower chance of survival than the smaller trees with lower fire

intensity and shorter heating duration.
4.4.3) 14-year-old plot

Figure 4.8 shows percent survival in 14-year-old plot, the smallest trees that
survived were presented for all species, whereas the largest trees that died were

presented only for the species that had percent survival less than 100. According to
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Elliott et al. (2003), all species in this plot were classified as excellent species based
on their survival percent after fire. Eight species had 100% survival, they were C.
axillaris, Q. semiserrata, M. stipulata, F. subulata, S. tetragona, S. albiflorum, C.
acuminatissima and B. javanica. The rest of the species had more than 80%
survival; they were P. cerasoides (96.4%), A. nitidus (94.4%), S. arboretum
(90.0%), M. baillonii (86.7%), H. trijuca (83.3%) and C. diversifolia (83.3%,.

For eight species that had 100% survival after fire, the range of their smallest trees
that survived is between 20.1 — 141.7 mm. When considering all species in this
plot, the smallest size of trees that survived also varies between 20.1 - 141.7 mm,
while the largest tree that died is between 22.6 - 117.8 mm. Mean stem diameter
among species of the largest tree that died was 68.4 mm, mean stem diameter of the
smallest tree that survive was 44.7 mm. The largest tree that died in this plot had
117.8 mm of stem size (C. diversifolia - 83.33 % survival). The smallest tree that
survived had 20.1 mm of stem size (C. acuminatissima and M. stipulate - both were

100% survival).

Similar to the 2-year-old plot, fire intensity and heating duration (Slik and Eichorn,
2003; Lawes et al., 2011a) are affected to stem injury, that can cause mortality after
fire. Bigger trees might have a lower chance of survival in the higher fire intensity

and/or longer heating duration.
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Figure 4.8: Survival percentage, the largest tree that died and the smallest tree that

survived in 14-year-old plot (planted in 2001)

4.4.4) 17-year-old plot

Figure 4.9 shows percent survival, stem size of the largest trees that died and the

smallest trees that survived in 17-year-old plot (planted in 1998). Most species at

this age can survive fire disturbance. Only 3 species had survival percentage less
than 100; they were B. javanica (97.6%), C. axillaris (95.0%) and M. azedarach

(81.8%). All of them were classified into the excellent group of fire resilience

performance (> 70% survival after fire) (Elliott et al., 2003). Mean stem diameter

of the largest tree that died was 113.9 mm, while, mean stem diameter of the

smallest tree that survived was 53. 6 mm. The largest tree that died was

M. azedarach (181.5 mm) with 81.8% survival. The smallest tree that survived

after fire in this oldest plot was G. mckeaniana (13.1 mm) with 100% survival.
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Figure 4.9: Survival percentage, the largest tree that died and the smallest tree that

survived in 17-year-old plot (planted in 1998)

Planted trees 14 and 17-year-old plot were big enough to survive after fire.
Nieuwstadt and Sheil (2005) studied in the tropical forest in Kalimantan, Indonesia,
they found survival of burnt trees were decreased in stem size less than 10 cm and
increased in stem size bigger than 70 cm. Another studied in tropical forest at
eastern Bolivia (Pinard et al., 1999) was found percent survival of small tree (73%
survival of 10 — 40 cm) was lower that large trees (84% survival of tree bigger than
40 cm). Survived of big trees were not only persist pre-fire ecosystem, but also
valuable for source of seed and shade providing (Swaine, 1992) and decrease ability

of un-wanted species (such as grass) to grow after burnt.

Mean stem diameter of the largest trees that died was increased in older plot (6.2,
22,68.4 and 113.9 mm in 1-, 2-, 14-, 17-year-old plot). Mean stem diameter of the
smallest trees that survived was also increased in older plot (6, 7.2, 44.7 and 53.7
mm in 1-, 2-, 14- and 17-year-old plot). Although bigger tree is contribute thicker
bark and larger stem, fire intensity and duration of heating also affected to survive
of burnt trees. Moreover, habit of tree was probably affected to the survival ability

after fire. Three species that percent survival less than 100% in 17-year-old plot
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(M. azedarach, C. axillaris and B. javanica) were categorized as pioneer species
(Maxwell and Elliott, 2001). Pioneer species was mature early and die back in 15-
20 years (Elliot et al., 2013), this senescence probably a cause of more sensitive to

fire disturbance and decrease survival ability when get older.
4.5 Resprouting ability after fire disturbance

At 30 weeks after burning, the smallest size tree class (0-30 mm) produced the highest
number of resprouting shoots. From this study, the number of shoots decreased when the
stem size increased until it reached 90 mm, then the numbers fluctuated until the stems
were bigger than 210 mm. Very few resprouting shoots were observed from the trees in
big size classes (210 - 510 mm) (Figure 4.10).
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Figure 4.10: Number of resprouting shoots of the trees survived at 30 weeks after burning

(30 mm interval)

To examine this closer, only the trees with DBH <210 mm were focused (10 mm range
in each size class). The number of resprouting shoots was high (58-193) in smaller class

sizes (0-60 mm). The trees that survived after burning tended to produce less number of
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resprouts (31 or less) if they were bigger than 90 mm. Only few resprouting shoots were
observed from the trees of DBH > 190 mm (Figure 4.11).
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Figure 4.11: Number of resprouting shoots of the trees survived at 30 weeks after burning

(10 mm interval)
4.6 Effects of tree size on resprouting ability after fire

Only the trees with a DBH <210 mm were included in GLMMs analysis in this section.
Figure 3 shows negative significant between stem diameter and the number of resprouting
shoots (co-efficient estimate +SE = -0.006 + 0.001, z = 6.01, p = 1.86x10°®). Trees with
larger stem diameters significantly resprouted less after fire in montane forest ecosystem
of northern Thailand. Similar to studies in tropical forests in Malaysia by Kauffman

(1991), who reported that resprouting ability was decreased in bigger tree.

According to the positive correlation of stem diameter and bark thickness ( Lawes et al.,
2001a; Hoffmann et al., 2003), bigger trees could possibly have thicker bark. Although
bark thickness can prevent cambium necrosis from fire, but thick bark also inhibiting
resprouting because it hinders epicormic bud emergence (Clarke et al., 2012). The study
in oak species confirmed a failure rate of resprouting in oaks with thick bark (Johnson et
al., 2002).
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Figure 4.12: Predicted values for number of resprouting: an interaction between number
of resprouting and stem diameter (DBH<210 mm), pink dot is observed value, blue line

is predicted line and dash line is 95% interval for the regression line

From Figure 4.12, the number of resprouting shoots were high (58-193) in smaller class
sizes (0-60 mm). Therefore, the trees in these small class sizes were included in GLMMs
analysis to quantify the effects of stem size on resprouting ability after a fire. Differently,
Figure 4.13 shows positive significance between stem diameter and resprouting ability of
small trees with a DBH <60.0 mm (co-efficient estimate + SE = -0.009 £ 0.004, z = 2.07,
p = 0.04). Trees with a larger stem in these categories showed a significantly amount of
resprouted shoots after they were burned. Pinard et al. (1999) confirmed that trees smaller
than 100 mm DBH in a tropical Amazonian forest were relatively common on resprouting
ability, but uncommon for bigger trees than 100 mm DBH. In addition, Shibata et al.
(2016) found that resprouting ability increased with bigger stem of woody species in a

temperate forest.

There was a positive relationship between stem diameter and resprouting ability of trees
with DBH <60 mm. Inside this range, larger trees could have better bud protection and
resource reserver. Clarke et al. (2012) reported that thicker stem helps to protect buds

from burning, buffer xylem against hydraulic failure, and prevent phloem and xylem

38



necrosis from the heat transfer through cambium. In addition, bigger stems are associated
with resource storage (Shibata et al., 2016), which shows higher ability to resprout shoots

than smaller stems.

Consistent with stem diameter and the age of the tree (mean stem diameter was 5.0, 13.2,
101.7,124.1 mm in 1-, 2-, 14- and 17-year-old trees respectively), its resprouting ability
decreases: this might be linked to bud senescence. The study of functional trait of
resprouting by Clarke et al. (2012) found that this occurring was possibly arise from
combination of genetic, physiological and related anatomical changes. Bond and Migdley
(2001) confirmed that resprouting ability increases with size until the trees reach an adult

stage and losing the capacity to resprout.

Resprouting is a tolerant trait to persist at the plant level, resilient to severe disturbance
at community level (Clarke et al., 2012), and shortens the time to recovery (Lawes et al.,
2011b). Therefore, smaller trees that were mostly killed by fire resprout after the fire
disturbance to restore their photosynthesis capacity (Lawes et al., 2011b) and persist in a
site (Vask and Westoby, 2004). Conversely, trees that were big enough to escape fire
damage lost their capacity to resprout due to their remaining photosynthesis structure
(Bond and Midgley, 2001).
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Figure 4.13: Predicted values for resprouting: an interaction between the number of
resprouting and stem diameter (DBH<60 mm), a pink dot is the observed value, the blue

line is the predicted line and the dash line is the 95% interval for the regression line.
4.7 Potential tree candidates for restoring fire-prone montane forest

Most trees in 14- and 17-year-old plot (planted in 2001 and 1998, respectively) were big
enough to survive a fire disturbance in the summer of 2015 (April — May). Here |
particularly focused on the trees that survived in the young plots; the 1- and 2-year-old
plot (planted in 2014 and 2013, respectively), using survival data from the 3@ monitoring
at 30 weeks after the fire. According to Elliott et al. (2003), tree species with a percent
survival (after burning) that were lower than 45% were rejected, a total of 12 species were
therefore selected to calculate the suitability index for this study. Only P. cerasoides has

two values calculated from both 1- and 2-year-old plot (Table 4.1).

| propose 3 classes of suitability based on the scores calculated from 3 parameters

(survival percentage, RGR and resprouting ability); excellent (>75), acceptable (60-75),
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and marginal (<60). High growth rate correlated with both survival and resprouting ability
in juvenile trees (Hoffmann, 2003). From 12 species (10 families), there were three
species (F. auriculata, F. hispida and F. callosa) from Moraceae that were available for
this calculation. Ficus was selected because of its fire resilience, rapid growth after
burning and its root system penetrates deep underground (FORRU, 2006), which can

prevent it from being burned.

Three species were categorized into as “excellent” (rank suitability score >75); they were
M. garrettii, B. javanica and F. auriculata. These three native tree species had been
recommended as potential framework tree species (FORRU, 2006) for restoring forest
ecosystems in northern Thailand where fires are prone. Elliott et al. (2003) confirmed
that B. javanica was resilient to fires (87 % survival after a fire at 33-month-old), and
resprouted well after fire (FORRU, 2006). Apart from fire resilient characteristics, B.
javanica and F. auriculata have been reported by FORRU (2006) that these species can
produce fruits within 6 years after planting. They have the ability of attracting wildlife in
the early stage of restoration. Even though M. garrettii cannot produce fruit within 7
years, but seeds of this species attract birds and squirrels. Moreover, M. garrettii develops
broad leaves and dense crown which effectively shade out weeds (FORRU, 2006). For
restoring in montane forest where fire disturbance is common, these 3 species were highly

recommended.

Seven species were grouped in the “acceptable” (rank suitability score 60-75); F. hispida,
H. trijuca, P. cerasoides (2-year-old), C. tribuloides, P. serratum, S. arboreum and H.
dulcis. Six out of 7 species were recommended as potential framework tree species for
montane forest in northern Thailand (FORRU, 2006), except P. serratum. Among Six
potential framework tree species, C. tribuloides was reported to resprout rapidly, while
F. hispida and H. dulcis were mentioned to have >70% survival after a fire. Although S.
arboreum is a slow growing tree species but it showed high survival and rapidly
resprouting characteristic. With similar percent survival after fire, H. trijuca and P.
cerasoides were identified into acceptable category in both Elliott et al. (2003) and in this

study.

During the 3rd monitoring, C. tribuloides’ seedlings were found in both 1- and 2-year-
old plots, however only those in the 1-year-old plot (ML) survived >45%. In temperate
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forest, Pinus and Quercus that grow in an area with high frequency of fire tend to have
thicker bark (Jackson et al., 1998) and this trait could possibly be inherited to next
generation. Local seed source could help to maximize possibility that seedlings will
survive and adapt to local disturbance (e.g. fire). C. tribuloides’ seedlings in the 1-year-
old plot (ML) produced from local seed source, whereas those planted in the 2-year-old

plot (BMSs) propagated from another location (FORRU, 2014 - unpublished paper).

Due to a rank suitability score of < 60%, 3 species were categorized as “marginal”; F.
callosa, P. cerasoides (1-year-old) and C. longipetiolatum. Two out of 3, F. callosa and
P. cerasoides were recommended as potential framework tree species (FORRU, 2006),
whereas C. longipetiolatum had never been studied before. Interestingly, older seedlings
of P. cerasoides (2- year-old) expressed better resilient performance compared to those
younger seedlings in the 1-year-old plot. For those trees DBH <60 mm, trees with larger
stems have better bud protection and resource reserve. P. cerasoides’ trees in the 2- year-
old plot produced 8 times more resprouting shoots than those in the 1- year-old plot. As
mentioned in 4.6 that a bigger stem is associated with resource storage, it has more of the

ability to produce resprouting shoots than smaller stems (Shibata et al., 2016).

All species in Table 1 should be considered during species selection process for restoring
montane forest in northern Thailand. Nine out of the 12 species are potential framework
tree species which can provide resources for wildlife and shade out weeds effectively
within 3 - 5 years after planting. Planting these 9 framework tree species with 3 additional
species (P. serratum, F. callosa and C. longipetiolatum) can help to increase species

richness and also ecosystem resilience simultaneously
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Table 4.1: Suitability index of native tree species in northern Thailand for restoring montane forest

Plot . Largest Smallest No. of Standardized Rank

No. | Scientific name age Survival t_ree that | tree _that RR resprouting | suitability | suitability

(%)* | died (mm) | survived | (%/year)® : p
(year) shoot/tree score score
(mm)

1 | M. garrettii 2 100.0 34.0 12.0 42.9 100.0 342.9 100.0
2 | B. javanica 2 94.1 22.0 9.0 37.2 70.2 295.5 86.2
3 | F. auriculata 2 84.0 24.7 6.4 24.4 69.8 262.2 76.5
4 | F. hispida 2 57.9 27.0 7.5 100.0 35.5 251.3 73.3
5 | H. trijuca 2 68.0 17.0 35 65.8 49.0 250.8 73.1
6 | P.cerasoides* 2 70.9 15.0 5.0 38.3 66.8 246.9 72.0
7 | C.tribuloides* 1 90.0 4.5 2.0 45.2 12.2 237.4 69.2
8 | P.serratum 2 73.8 19.0 7.0 35.8 43.3 226.8 66.1
9 | S. arboreum 2 57.4 21.0 6.1 29.8 76.7 221.3 64.5
10 | H. dulcis 2 58.4 31.3 9.0 55.8 33.1 205.7 60.0
11 | F. callosa 2 56.5 16.5 6.0 37.3 30.3 180.5 52.6
12 | P. cerasoides* 1 60.0 5.0 3.0 50.8 8.2 179.0 52.2
13 | C. longipetiolatum 1 60.0 54 4.1 17.9 16.3 154.2 45.0

*Native tree species that were planted in both 1- and 2-year-old plot
abe Standardized by converting the maximum value to 100, then adjusted other values proportionately
d Standardized suitability score = 2a+ b + ¢
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CHAPTER 5

Conclusion

5.1 Tree size and survival after a fire

Older trees survived better (more than 2 times) after a fire comparing to younger trees.
Small differences of survival percentages were detected between each monitoring in the
older plots, but there was a dramatic gap found in younger plots. It is assumed that
younger trees faced with cambium injury after burning, and therefore died within weeks.
More attention had been paid to small trees with DBH <40 mm because they were more

vulnerable to a fire (about 50% chance of dying).

From all analyses done in this study, it has been confirmed that trees with bigger stems
survived significantly better than small ones do. A higher chance of survival in bigger
trees are probably due to the development of protection, such as bark and stem thickness
that positively correspond with stem diameter. Larger trees tend to have thicker bark to
protect vascular cambium tissue from fire which can cause tree mortality via stem

necrosis and deformation.

When considering each plot separately, the relationship between stem size and survival
after a fire has become less clear due to influences of other factors, such as the fire’s
intensity, duration of burning, and surrounding conditions which are not mainly focused
in this study. Moreover, successional status or life history of different species could also
contribute to the level of sensitivity to fire disturbance. For planted trees in a restoration
program to survive a fire disturbance, fire prevention should be emphasized until the trees

reach a minimum of 40 mm DBH.
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5.2 Tree size and resprouting after a fire

Smaller trees produced a higher number of resprouting shoots after burning compared to
larger trees. This trend was observed in trees with DBH < 90 mm, but the number was
fluctuated in trees with DBH 90-210 mm. Very few resprouting shoots produced if the
trees’ DBH was bigger than 210 mm.

When considering all plots which contained a broad range of different tree sizes, the
resprouting ability was found to decrease in bigger trees. It has been mentioned in the
previous chapter that there was a positive correlation between stem diameter and bark
thickness. Although thick bark can protect buds from burning; however, it also inhibits
resprouting via obstructing epicormic bud emergence. Most trees found in the old plots
are large and produced very few resprouting shoots after the fire. This might be correlated
with bud senescence in the adult stage, which is a result from a combination of genetic,
physiological and related anatomical changes.

In contrary, when considering small trees with a DBH < 60 mm, the trees with larger
stems within this size class produced a higher number of resprouting shoots after a fire.
Bigger stems are associated with resource storage and therefore help the trees to resprout
efficiently. Resprouting ability is controlled by the interaction of the disturbance regime
that harm buds and resource needed for resprouting, and the environment that affect

growth and resource allocation.
5.3 Suitable tree species for restoring montane forest

From this study, all 12 species should be targeted for forest restoration in montane forest
ecosystem in northern Thailand. They have a high potential to capture the site, increase
species richness and also withstand fire disturbance. According to the suitability index,
three species were categorized as excellent species; they were M. garrettii, B. javanica
and F. auriculata. Seven species were grouped in the acceptable class; F. hispida, H.
trijuca, P. cerasoides, C. tribuloides, P. serratum, S. arboreum and H. dulcis. The last
three species were identified in the marginal group; they were F. collosa, P. cerasoides,

and C. longipetiolatum.
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Nine out of 12 species have been identified as potential framework tree species for
restoring montane forests in northern Thailand, except P. serratum, F. collosa, and C.
longipetiolatum. One big barrier for forest restoration is an understanding about native
species particularly phenology, seed biology, and silviculture. The reason why these three
species have not been included in the list of potential framework tree species is possibly
because of not having seedling available. Their survival percentages are acceptable but
not many reprouting shoots produced and growth was quite slow (only C.

longipetiolatum).

Interestingly, P. cerasoides was classified into 2 groups, acceptable and marginal,
because this species was tested for 2 consecutive years. Clearly, older P. cerasoides’
seedlings (2 years old) performed better in selected criteria compared to those younger

seedlings (one year old) due to better bud protection and resource storage.

Although restoration practitioners select target species with a high fire resilient ability;
however, a fire prevention program should still be designed with stakeholders, to prevent
unnecessary lost throughout the landscape, and direct successional pathway toward an

ultimate restoration goal.
5.4 Suggested further research

Following the effect of stem diameter on survival and resprouting probability, stem size
may not only be one factor that affects both survival and resprouting. Other stem traits
recommended for further study included bark thickness, bark moisture content and

density, bud location, structure of meristem and resources allocation.

Furthermore, fire intensity, heat duration, microclimate of ecosystem, plant life history
and successional type of the plant would have an effect on the fire resilience

characteristic. Therefore, these factors should be considered for further study.
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