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3 The Role of Fire in the Tropical Lowland
Deciduous Forests of Asia

P.A. Srorrl, J.G. GoLDAMMER', and W.L. WrnNrn3

Each dry season from January onwards the l itter on the jungle floor ignites
spontaneously and creeping ground fires clear away old matted vegetation,
making way for the new season's growth. Some ofthese fires reach considerable
size and provide one ofthe most impressive ofjungle sights when viewed from
a distance on a dark night. Long,jagged fronts offlame advance across the black
backdrop ofhil lsides, exploding into pyrotechnics as clumps ofdry bamhoo are
engulfed by the everchanging scarlet patterns of destruction . . . .

A teak-wallah's description of forest f ire in Northem Thailand (H.N.
Marshall, Elephant Kingdom, London: The Travel Book Club, 1959, p. 133).

3.1 Fire: An Alien Ecological Pressure?

Throughout the lowlands of tropical Asia, in regions experiencing either a
monsoon forest (Kbppen's Am) or a savanna forest (Aw) climate, both natural
and human-induced annual or biennial f ires have long been a common
ecological phenomenon during the dry season, which may extend from three to
seyen months. Such burns occurred quite naturally through a number ofcauses
before the appearance, around 12,000 years ago, ofagriculture in the region, but,
with the advent of Neolithic communities, swiddening, and stubble burning,
dry-season fires inevitably became much more frequent and widespread. In
modern times, this fire pressure has grown even more intense, and the ecological
role of f ire is now a matter for serious debate, as it is seen to affect diminishing
forest resources in closer and closer proximity to human settlements
(Goldammer 1988). In Burma, for example, the total annually burnt area of
forested land has been estimated at 3.5 to 6-5 x 106 ha yr 1 (Goldammer 1986).
For Thailand, data collected from 1984 to 1986 show that fire aflected 20.927o of
the forested area or 3.1 x 106 ha yr 1 (Royal Forest Department 1988), while
worldwide, for all ecosystems, a figure of 630 690 x 106 ha yr' has been
suggested by Seiler and Crutzen (1980), 987o ofwhich occurs in the tropics and
subtropics. In response to this, the clear temptation is for governments
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appropriate time under sensible controls in the correct location is the kev
objective. It is the purpose of this chapter to explore the implications of these
ecological subtleties for the drier seasonal foresis of lowland trooical Asra.

3,2 Fire Frtterns in Time and Space

Throughout the-seasonal tropics of Asia, dry season fires vary markedly in
character according to a whole range of variables, but above ai in relatlon to
tirning, fuels, and topography, the first two ofthese, however, being themselves
largely determined by the overarching variable of climate. Underltanding the
timing, origins, and fuel characteristics ofthe fires is especially vital if we aie to
learn  how to  manage f i re  sa fe ly  and e f lec t i re ly .

3.2.1 Timing and Origins

The end ofthe great South West Monsoon is conslant in neither space nor time,
so that the potential for ignition can be delayed from early November to late
January in any given year. ln mainland Souih East Asia, ihe peak period for
forest fires normally lies between late December and early March. bv which time
most sites wil l have been fired, although some burning may continue even rnto
May. This peak period correlates strongly with the o-ptim;l provision of igni_
table fuels, in that some 90% ofleaf-fall will be generally completed by the 

-en<I

of December (Nalamphun et al. 1969), while the standing crop of grasses and
pygmy bamboos of the genus Arundinaria will have dri;d a;d be readv lbr
sustained burning (Chanatip 1973; Ruangpanit and pongumphai 1"933).
However, enormous regional variations in timing are apparentlsavanna forests
around Chiang Mai in Northern Thailand, foreximple, Gndingto be fired early
in December and January, whereas those near Korai in North East Thailand, by
contrast, usually burn much later in February and March, following the late
January rains that can come up suddenly from the GulfofThailand. The fiercest
frurns seem to be mid-season fires, each regionally defined, which tend to be"hor" f ires. with high scorch heights. In contrist, eariy- and late_season burns are
less dramatic, so that early-season burning in particular, defined in relation to
the potenlial for fire ignition and sustainability in any given year and location,
is often the best management option to lollow to privent uncontrolled and
damaging. mid-season conflagrations. Such a pattern closely parallels the an_
cientaboriginal burning practices recorded for ihe eucalypt sivanna woodlands
of Northern Australia (Braithwaite and Estbergs lggj; Bowman l9g7; Stott
1989). Although floristically distinct, these eucalypt savanna woodlands are
strikingly similar to the savanna forests oftropicalAsia in terms oftheirstructure
and physiognomy, while both formutions share clear resemblances to the
miombo (B rac hys te gia -J ulbernartlia woodlan<Is) of Central and Southern
Africa (Chidumayo 1988; Guy 1989). All three are surprisingly homogenous rn
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P.A. Stot t  et  a l -

i'J o, .otting through forest lands may be a serious hazard. These cheroots
normally comprise a mixture oftobaccoleaves and stem particles. with thelatter
glowing for a considerable time and acting like sparks. In Tha iland, one estimate
suggests thal no less than 667o ofall forest fires are caused by people traversing

lle 
fo,rests^ (Ro.yal.Forest Department 1988). Finally, fire miy beiet purety for

thesake offire itself, the phenomenon having a mesmeric efeit on both children
and adu l ts  a l i ke .

^ 
The regularity ofburning throughout the seasonal tropics ofAsia is there_

fore apparent, although the exact pattern varies from formation to formation.
Orte.of the present authors (Werner), using data from I l g experimental plots in
Thailand, has shown that for plots studied during January to March l9ig,62Va
ofthe pine-dipterocarp forest plots had been burnt, but only l4% ofthe plots in
plne-oak forest. For plots studied during May-June of the previous year, the
figures were 69 and 50% respectively, although, in this case, tliere was no way of
checking whether the fires had all occurred irrl9g7. In January_March l9gg,35Zo
ofplots in the pine-savannas had been burnt, despite the fait that the majority
laywithin a national park, where complete fire prevention was being attempted,
yet more evidence that a policy of total fire exclusion is often impossibie to
enforce-

3.2.2 Fire and Fuel

The nature, amount, and spatial distribution ofignitable fuel wil l largelygovern
the character ofthe fire in any forest location. ln the tropical lowland foiests of
Asia, f ires may be low-level l i tter 6res. groundcover fir is of various intensities
and heights, or mixtures ofthe two, where there is a complex or mosaic ofrock
outcrops, l i tter, and groundcover 1S tott 1986. l98ga.bl. Ea ch of these fire types,
however, will in turn also vary in character with prevailing climatic conditions,
such as humidity and wind, whether a backfire or headflie. and in relation to
topography. It is important to recognize, therefore, a whole range ofnre types,
each of which has different direct and indirect etrects on the iegetatron lbr-
mation involved, and which pose varying levels of rhreat from the iuman pornt
of view. The extremes are slow-moving litter backflres, with a maximum flame
height ofO.5 mand a fireline intensity ofaround 230 kW m-r, which contrast with
fast-moving, jumping, and "spotting,' groundcover headfires, with mean flame
heights of well over 2 m and a fireline intensity of anything from 2000 to 5000
kW m-r, which is beyond the limits of human controi, evei with heavv mech_
anical equipment (Stott 1986, 1988b). Where the fuel load is kept down by
regular burning on an annual or biennial basis, the latter danger'ous type oi
wildfire is unlikely to occur, and the fires will tend to be modera"te fires. which
are largelywithin human control and which cause little di€cl ecological damage
(Fig. l).

The ecological significance offire is therefore complex and depends aboye
all on the nature and the distribution ofthe fuels availaLle for burning. Because
the majority ofregular fires in the lowland deciduous forests of Asia tend to be
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Fig,2, Grass stage in Pinus nerkusii
Th;ihnd. (Photo: wL werner)
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small-scale surface fires feeding on limited fuels, it can be argued lhat they Pose
little direct threat to the main foresttypes, which are clearly adapted to moderate

levels of fire. However, in taking this view, it is important to remember that

different formations will respond in contrasting ways, and, above all, that these

Iow-level fires will still afect the balance between trees, shrubs, and grasses in

a formation, controlling, in particular, the rate of tree seedling survival and

persistence. The synergism offire and forest will therefore be immensely subtle,

andwillbe perceived very ditrerently by foresters, scientific ecologists, botanists,

zoologists, landscape planners, politicians, peasants, and the general public.

Hence the management dilemma. Foresters will largely want to exclude fire to

improve tree stocks, but this policy may prove disastrous if it results in the

build-up of immense fuel banks, which will eventually undoubtedly feed severe

wildlires. Whatever the policy adopted, it must include some element for the

control of fuel build-up, whether litter or ground cover. If the controlled

application of prescribed fire is not appropriate, then it must be replaced by

systems of grazing, cutting, trampling, or other forms of management. The

poticing alone offire high risk areas will never prove sufficient in crowded Asia.

Fire education and the development ofdistinct policies for different forest areas
and vegetation units wil l also be required. In many zones, the application of

early-season prescribed burning on limited fuels will still be the best option
The work of one of us (Werner in Northern Thailand) has clearly

demonstrated how different fuels and their attendant fires can markedly affect

patterns of seedling and forest survival (see also Santisuk 1988). In pine-dip-

terocarp savannas, pine savannas, pine plantations, and pine-montane oak

woods, young seedlings ol Pinus kesiya Royle ex Gord. and P. merkusii clearly

go through their most dimcult phase in the first year of growth when they are

especially susceptible to fire damage. The chances ofsurvival, however, appear

to be much higher in a pure litter burn than in a groundcover burn. The seed-

hngs of Pinus kesiya have short needles between 22 and 33 cm in length. The

lower of these tend to wilt during the dry season, while the younger leaves

around the growing point are covered by a layer ofblue-green wax Low flames

ofthe type characteristic in litter fires tend to consume the needles, but they do

not damage the stem- In contrast, severe groundcover fires wil l ki l l  the whole

plarlt. Pinus merkurii possesses the additional protection ofa "grass stage" (Fig

2), although this naturally delays progression to the tree form. In Northern

Thailand, the young pines can persist in this stage for up to 7 years. During the

grass stage the plant has a strong rootstock, and it is remarkably resisrant to all

but the severest ofgroundcover fires. Unfortunately, the grass stage means that

P. merkusii is r'ot favored by foresters, who tend to want quick results, although
the forms of P. merkusii found in North Eastern Thailand around Ubon

Ratchathani and Sisaket tend to have a shofier grass stage of l-3 years, while

plants exhibit ing a remarkable biogeographical disjunct distribution in

Sumatra have no grnss stage at all.
The effects of dry-season fire on the regeneration systems of the different

formations and taxa is thus of great significance, and will vary with both the

frequency and the intensity of the fires being encountered.,For example, it is
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F ig, 3. D ip teroc aryus tube rc u latus
Roxb. has a remarkable ability to
recover from fire damage. This par-
ticular specimen is aged about 85
years, having been established in 1901
and cut in 1986. It was injured by a
high-intensity fire in 1967, which
oeated the fire scar. Aft€r 1967. the
tree was affected by s€veral low-inten-
sity surface 6rcs, which did not, how-
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(Photo: J.G. Goldammer)

Shorea siqmensis Miq., all possess a wide range of physiognomic, physiological,
and phenological defences against both drought and fire (Stott 1986, l988a,b;
Fig.3), and where fires rarely exceed moderate levels, unless fuel build-up is
permitted to take place without any checks. Similarly, the terai forests of North
India, which comprise both pure and mixed stands of saI (Shorea robusta) are
likewise fire-adapted (Goldammer 1987), old sal trees having a thick, insulating
bark, and the rootstock remaining normally unaflected by the low-intensity
fires. Vigorous shoots soon appear after the fire has passed through, and these
provide good grazing forcattle, so that localpeople are easily tempted toset fires

deliberately in these formations. However, the frequent fires clearly affect the
age-class distribution of the trees by widening the gap between the mature
overstorey and the regeneration processes (Goldammer 1988; Fig. 4).

Mixed deciduous forests with teak (Tectona grandis) combined with a
complex ofother species, such as Plerocarpus macrocarpusKitzand Terminalia
alata Heyne ex Roth., also exhibit a range ofadaptations to fire, but here tall
bamboos are common and provide fuels for hot and damaging fires that can
carry the flames high into the canopy. Indeed, in all formations, intense local
burns can torch individual trees, particularly where the fire takes hold ofroots,
sothata localized build-up ofgroundcover and littercanhave a damaging effect
within an otherwise low-level fire. The type, the mosaic, and the loading offuel
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particular location. It cannot be stressed too fully that we should choose the fire
management system which is the most suited to achieving a given goal. For
example:

- The general management of a tract of savanna forest in a protected
wildlife area will probably demand a program ofprescribed burning carried out
early in the dry season on a regular rotation, so that new grazing is provided for
wildlife and fuel is prevented from accumulating to the levelwhere itwouldfeed
a severe groundcover fire that could have serious ecological consequences. A
program of fire education in prescribed burning could be established for local
villagers and visitors.

If the aim is to combine high quality timber production with grazing,
then a combined system of prescribed burning and prescribed grazing will be
necessary (e.9., Liacos 1986; Goldammer 1988). Such systems may involve the
protection of young saplings from the stresses of both fire and grazing on a
short-term basis, but both grazing and fire will later be used to reduce the risk
ofsevere fires and to maintain the basic ecosystem.

- If the aim is to control severe soil erosion on watersheds, steep slopes, or
sensitive areas, then a much stricter system of f ire control may be required,
combined with other controls on the build-up of fuel loads. One ofus (Werner)
has studied such systems in Pirzs kesi4 plantations on watersheds in Northern
Thailand, where fire protection tends to change the plantation into a pine-oak
forest, which gives good soil protection, as well as a valuable timber and
fuelwood resource. In this case, the pines are simply acting as pioneers. In other,
more lowland, regions, however, the forest would remain fire-prone, with a
dangerous build-up offuel. In such areas, prescribed burning, very early in the
dry season, but at longer intervals, combined with grazing, cutting, trampling,
and fire protection during the intervening years, may be the necessary option. In
contrast to such a regime, the regular late-season burning of teak forest near
Haldwani (Uttar Pradesh. India) leads to severe soil erosion when the monsoon
rains hit the newly exposed soil, one stand having lost 2000 mi of topsoil since
its establishment 30 years ago (Coldammer 1987, l7l; Fig. 5).

In mixed deciduous forest with teak, l ight prescribed burning wil l have
an important role to play in the silvicultural practices for the encouragement of
teak (Kutintara 1970; Khemnark 1979,38 39).

These, then, are just a few of the options for the management of f ire in
different socio-economic and ecological situations in the seasonal tropics of
Asia. Fire is a tool which has long been used by humans (Sauer 1962). ln many
circumstances, even in crowded tropical Asia, any attempt to exclude fire
completely wil l be bound to failure, and may, in fact,lead to disaster. However,
wildfire cannot be allowed to have the mastery to itself. In the lowland deciduous
forests of tropical Asia, there is a desperate need to manage fire carefully and
correctly in order to produce the agroforestry systems which are required to
protect the landscape, increase its productive value, and maintain ancient
ecosystems, long adapted to moderate levels ofburning. We cannot achieve this,
however, without a full understanding of the basic ecology of forest fire in the

Fire in th€ Tropical Lowland Deci

Fig. 5. Severe erosion under a 30-)
old teak (Tectond grundrt L. t) plar
lion caused by the impacl ofheavy
monsoon rains on the soil exposed
annual lires (see text). Uttar Prader
India. (Photor J.G. Goldammer)
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4 Fire in the Pine-Gr
and Subtropical Asia

J.G. GoloAuMEn' and S.R. t

4.1 Introduction

The genus Pizas is one of thr
extra-tropical northern hemisp
the evolutionary history of its
speciation are recognized. Tl
North America, from where
extension ofthe pines in tropir
and Litt le (1966), Kowal (1966
( 1988) has compiled additiont
of pines in South East Asia I
China, Cambodia, Viet Nam,

In tropical South Asia tt
conlined to the zone oflower
distinct seasonal climate. In tl
lowlands of South East Asii
palynological data give eviden
the Pliocene (Muller 1972), tt
that t ime.

In a briefand general surv
of Asia, Whitmore (1984) stat
anthropogenic and natural di!
that easily colonize landslide
more, pines are strongly adap
ofthc pine fuels and the variot
pine forest communities as a l

ln tropical and subtropic!
under increasing human pres
higher alt itudes and steeper
practices have brought an inr
mid-elevation fbrests. In man'
more and more degraded beca
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