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1 Fire in Tropical Ecosystems and Global
Environmental Change: An Introduction

D. lv{ururn-Dolrsors' and J.G. GoLo,qlurrrrR:

1.1 Introduction

Fire has ahvavs been an im portant ecological stress factor in the seasonal tropics.
The dry deciduous lorest and the savanna grasslan<Js. in general. ha'e evolver.l
*'ith fire. The plant lite forms olthese tropical biomes can iope with fire through
r.arious adaptive trairs (Budorvski 1966).

No such categoricalstatement can be made about the humid or *.et tropics.
under the present climaric conditions. fire plavs a less importanr role in the
vear-round wet biome ol the undisturbed equarorial rain iorest. The perma-
nentlv warm temperature. in combination with the continuouslv hish atmos-
pheric and soil moisture levels. has created a naturai greenhouse ctim-are which
encourages high rates ol decomposition. Sudden accumulations ol or_qlnic
$aste on the forest floorcan occur. but they are usuallyspotty. nonconrinuous.
and transient. Such accumulations are brou-eht about by certain rain lorest trees
that drop their toliage durin_e flowering and fruiting orihrough rrees rhat break
down and create tree-tall gaps. For this reason. tire, rvhich.o-rl,j rt"rt naturally
lrom lightning. has only a small chance ol eaining access into primarv rain
lorest.

There are, however. exceptions related to climaric oscillations end to
lar-qer-scale disturbances. Recent investigations have shown that climatic
changes between the Pleistocene and todriv haue created drouehr conditions
that have favored the spreatl of forest fires in long-return inrervils (Santbrd et
ai. 1985; Uhl et al. 1988; Goldammer and Seiberi l9g9 this Vol.).

Certainrainloresrs.particularlyinthesubequatorial tropics(from l0to23"
latitude). are liequentlv subject to hurricanc damage. Such broarjer-area
damage promotes the invasion olvines, which can .ontiibur. to totiar biomass
accumulation on the soil surface in torest openings. particularly during occa-
sional dry spells. Also some extreme soils, those with imbalanced nurrienrs and
toxic elements, can slorv or stall decomposer activity ancl therebv permit
accumulation of spatiallv continuous luei loadinss that can lead ro fires in
tropical rain lbrests.

The spread ol frequent fires into the wet tropics is a more recent
development. atrributable largely to human population pressures. Durin_e the
last two decades. rhe use ol fire has tiramatiially incriased wirh the r*apid

'D"P*,.n.",.i Botany. Universitv of Hawaii at Manoa. Honolulu. Hawaii 96g2r. USA
'Department ol'Forestry, Universirv of Freibure, 7g00 Freiburg, FRG



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

P.A. Srorr'. J.G. GoloeMlrER'. and \A/.L. WExNTR'

Each dn'season from Januarv onu'ards the litter on the jungie floor isnites
spontaneoush, and creepine eround fires clear au,a1, old matted vegerarion.
makins u'al for the neu'season's -srou'th. Some of these fires reach considerable
size and provide one of the ntosr impressive ofjunele sishts \\'hen r.ieu,ed from
a distance on a dark night. Lone. jagged fronts of flame ad',ance across the black
backdrop of hillsides. explodine inro pvrotechnics as clumps oldr_r'bamboo are
engulfed bl the everchancins scarler patterns ofdestruction . . . .

A teak-ri'allah's descriprion of loresr fire in Norrhern Thailand (H.N.
Marshall. Elephant Kingdom. London:The Travel Book Club. 1959. p. 133).

3.1 Fire: An Alien Ecological Pressure?

Throuehout the lou,lands ol tropical Asia. in re_eions experiencinl eirher a
monsoon forest (Kbppen's Am)or a savanna forest (Au,) climate. both natural
and human-induced annual or biennial fires have lons been a common
ecological phenomenon durine the drv season. u hich ma,r'extend from three lo
seven months. Such burns occurred quite naturalh,throueh a number olcauses
beforetheappearance.around I2.000r,earsaso.olacricultureintherc_eion.hut.
u ith the adr.enr ol Neolithic communiries. su iddenin_e. and stubble burning.
drv-season hres inevitabh' became much more frequent and u'idespread. In
modern times. this fire pressure has grou'n even nlore intense. and the ecolosical
role of fire is nou,a matter forserious debate. as it is seen to alrect diminishine
forest resources in closer and closer proximin, to human settlemenl.s
(Goldammer 1988). ln Burma. for example. rhe total annuallv burnr area of
forested land has been esrimated ar 3.5 to 6.5 x l0{,ha vr-, qGoidammer l9g6).
ForThailand.datacollectedfrom l984to l986shou,tharf,reaffected 2a.92ctt, of
tire forested area or 3.1 x 106 ha vr-'(Ro'al Forest Department I988). u,hile
u,orldu,ide. for all ecosvstems. a figure of 630-690 x 106 ha \,r-, has been
sugeested b-r'Seiler and Crutzen ( 1980). 98% olr'hich occurs in the tropics and
subtropics. In response to this. the clear temptation is for governn.lents

]P:!:1,T."] "f 
Geogra phr'. School olOriental and African Srudies. Universitl,of London. London

WCIH OXG. United Kinsdom
"Department ol Forestrr', l-.jniversitv ol Freibure. 7800 Freibure. FRG
'Department of Geograph,r'. South Asia Institute. Unrversir! of Aeidelberg.6900 Heidelberg. FRG



4 Fire in the Pine-Grassland Biomes of Tropical
and Subtropical Asia

J.G. GoloeMltrRt and S.R. Pri.rrtrl2

4.1 Introduction

The genus Pirrus is one ol the most rvidel-v distributed genera ol trees in the

extre-tropicalnorthern hemisphere (Critchfield and Little 1966: iv{irov 1967). In
the evolutionarv historv olits approrimatelv 105 species two main centers ol
speciation are recognized. These are in southeastern Eurasia and southern

North America. tiom rvhere Pirrl.r ertends into the tropics. The range of
extension of the pines in tropical South Asia has been described br Critchlield
and Little ( 1966). Korval( 1966). Cooling ( 1968). rnd Stein ( 1978). Schrveinturth
( 1988) has compiled arldirional intbrmation and relerences on the distribution
ol pines in South East .\sia providcd hv regetation maps ol the Himalavits.
C-hina. Cambodia. Viet Nam. Sumatra. and Thailand.

ln tropical South Asia the bioceographical ranse ol the senus Pirrrs is

conflned to the zone of lou'cr nrontane rain ltrrest lnd drv sites rvith a slisht to

distinct seasonal climate. In the pcrhumid equi.rtorial rain torcst biome olthe
lorvlands of South East .{sia the pines do not occur naturallv. Ho*'ever.
pal-lnolouicaldataeiveevidenceot'PirtrrsoccurrenceinNorthernBorneouptiil
the Plioscne (i\luller l97l). thus re tlectins the diflcrent climatic conditions at

that time.
In a brieland general sun ev on the occurrence ofconifers in tiopical forests

ol ,{sia. Whitmore (198-1) stated that the ran-ue olpines has been ertended bv

anthrop()genic and natural distur[rances. The pines are proneers (serll specie.s)

that easilv cokrnize landslide sites and abandoned cultivation lands. Further-
more. pines are stronglv adapted to and f avored b1" hre. Both the tlemmability
ot'the pine iirels and the various adaptil'e traits of pines to llre characterize m,rst

pine tbrest communities as a ire climax.
ln tropical and subtropical Asia. most olthe lands bearing pine lbrests are

under increasing human pressure. Slash-and-burn cultivation ertendins intt>

higher altitudes and steeper slopes. excessive luelivood cuttins. and grazin-g

practices have brought an increasine tiequencv of man-caused llres into the

mid-elevation tbrests. In manv places the "fire-hardened" pine lorests become

more and more degreded because olshorter fire-return intervals and secondarv

'Department of Ftrrestrv. Universit_r'ol Freibur-e, 7800 Freibure. FRG

'Prorected Areas of Wildlif! Bureau. Department of Environment and Natural Resources. Quezon
Citv. The Philippines



12 Prescribed Fire in Industrial Pine Plantations

C. or RoNor'. J.G. GoLn.ttaurR', D.D. We.or3, and R'V' So'c'xes'

12.1 Introduction

Industrial plantations of non-indigenous tree species (exotics) can be defined as

even-aged stands established outside of their natural habitat. These plantations

plav a vital economic role in the developine countries of the tropics and

iubtropics. The ecoloeical benefits olafforestation. hou ever. eo far bevond local

and regional consideiarions: the increase in atmospheric CO, and its exPected

neeatiie influence on the global climate ma\' partialll'be ave_rted through

la{e-scale afforesration u irh fast-erou'ine species (lv'lar1'land 1.988). The

tak"e-up of carbon in u,oodv matter could potentiallv balance the discharse of

CO, from fossil fuel burning and from the vast amounl of uncontrolled forest

desiruction and biomass burnins in the tropicaland subtropicalbiota. Although

prescribed burning is itself an emission source of COr. its main function in

plantation *unug.-.nt is to increase stabilin'and to protect against destructive

iyildfires. u,hich are a much larger sou rce. Th e same is true for particulate matler

emissions. Thus, although at first glance it mal'seem conlradictorl'. prescribed

burning is indeed an important link in elobal fire ecolosr'.

Ot-the estimated 9.968.000 ha ol industrial plantations established in the

tropics b,r'the end of 1985.41% $'ere in softu'oods (mainh'Pines) (Table l).
' 

Even though almost 607i of the industrial plantations are composed of
hardu,oods such as eucall'pt and teak. most prescribed burning has taken place

in pine stands. This chapter r,r'ill thus be restricted to a discussion olfire in pine

plantations. The inlormation needed to plan and safelv conducl prescribed fires

teneath standing trees (referred to as underburning) and the ecolocical effects

of these fires *,ill be emphasized. The importance ol fuel and u'eather pa-

rameters is explained, and techniques ol settins fires and monitoring their

behavior are discribed. Some facets of post-han'est burning are also discussed'

The major species used in pine afforestation activities are Pinus coribaea. P.

elliottii, P. potuti, P. Pinaster. P. radiato.and P. roeda. Accordine to McDonald

and Krugman (1986). the leadin-e species are P. elliottii and P. raeda.Thel-

estinate ihat over 450,000 ha are planted to these tu'o species outside th eir native

,Saasveld Forestry Research Cenrre. South African Forestn Research lnstitute. Georse 6-530. South

Africa
'Department of Forestry. University ol Freiburg. 7800 Freiburg' FRG

"Sourheastern Forest Experiment Station. USDA Forest Sen'ice. Dn'Branch. Georgia 31020. USA
.Deparlment of Forestry, Federal University of Parand.80.001 Curitiba. Paranii. Brazil



2l Global Change: Effects on Forest Ecosystems
and Wildfire Severity

N{.A. Fossrnc'. J.C. GoLprrtr'trn2. D. Rtxo" and C. PRICr'}

21.1 Introduction

Climate change. as a result olthe -greenhouse effect. is expected to take pl;lce
,,vithin the next 100 _veurs - u time spun comparable to the plantine-to-hlrrest
interval ol manv commercial trr'e species. The predicted increases ol tenlper-

ature are expected to be comparable to those that hale taken place since the end

of the last ice age 15.000 vears ago. The 5'C rvarming that occurred betueen

15.000 and 7000 vears aso resulted in mqor changes in the location lnd
abundance olNorth America's tree species (Bernabo and Webb 1977). The rate

ol'temperature change predicted kom the increase in greenhouse gases. th;tt is

5"C in I00 1'ears as compared to thc rate experienced in the earlv Holocene. is

unprecedented in history. There is thus l great need to determine the implct ol
this predicted change on North Americl's ecos\stems and. in particular. on our
fbrest resources.

Our concern is not on lv *'ith globa I *'e rm in q t'ro m th e gree n house eflcct. bu t

also rvith the various stresses thcse ecosrstems',vill erperience as it rL'suit ol'
chan_sed precipitrrtion piltterns. trattma such as tire. insects. diseese. and air
pollution. ultraviolet radiation as a result olstratospheric ozcine depletion..rnd
tionr changes in the abilin olall species. plants. animlls. and microt>rgrnisms
to compete lbr limited cners\. rvatcr. and nutrients.

21.2 Scientific Bases for the Greenhouse Effect

The greenhouse theory is based on the eners\ halance betrveen incomin,s solar
ener,gv and the energy radiated to space tiom the earth. Ilthere is not a balance

between the incoming and outgoing ener_gy. then the elrth would either sarm
or cool. The eners-v lrom the sun reaches the earth primarily as visible lieht.
Some of this incoming energv is reflected back to space fiom clouds. a small
portion is absorbed b;- the atmosphere. approximatelv 437o reaches the earth's
surface, where it is absorbed. This absorbed energy warms the earth. A portion

'U.S. Department of Asriculture. Forest Service. Washington. DC 10090. USr\

'Department ol Forestrv. Universitv of Freibure. 7800 Freibure. FRC
,NASA Goddard Institut lor Space Studies. \ew York. NY 10025. also at Lamont-DL)hertv

Ceological Observatorv olColumbia [,niversln'. Palisades. NY I0964. USA



Appendix: The Freiburg Declaration on Tropical Fires

The Freiburg Declaration on Tropical Fires was released by the participants of
the 3rd International Symposium on Fire Ecology held at Freiburg University,
Federal Republic of Germany, 16-20 May 1989.

The Role of Fires in Tropical Ecosystems

Fires in the forest and other vegetation ol the tropics and subtropics and the
changing tropical land use have increasing regional and global impact on the
environment. The smoke plumes from tropical biomass fires carry vast amounts
of atmospheric pollutants, including COr. CO. NO*, NrO, CH,, nonmethane
hydrocarbons, and aerosols. Smog-like photochemistry produces ozone con-
centrations comparable to those found in the industrialized regions. These
perturbations of the tropical atmosphere are on such a scale that they can be
easily detected by remote sensing from space. Alterations of the hydrological
regimes can have severe environmental and human consequences for the
regions being burned and in neighboring regions. The consequences of biomass
burning, such as the aggravation of the greenhouse effect, affect nontropical
regions most strongly. The catastrophic fires on the island of Borneo in1982/83
indicate the danger that possible climatic changes pose to the survival of the
tropical forests themselves.

On the other hand, fires play a central role in the maintenance of many
natural ecosystems and in the practice ol agriculture and pastoralism. The
various types of savannas are burned frequently both by human- and non-
human-caused fires. Burning is used as a tool in maintaining tree plantations
and natural forests, especially in the subtropics. Forests in the moist tropics have
long been used in shifting cultivation to support low population densities of
traditional agriculturalists without degrading either the forest or the productive
potential of the soil. This situation has changed radically by acceleratingshifting
cultivation cycles under the influence of market economies and because of
increasing population pressure, both from demographic growth and from
reduced access to land. Nonsustainable slash-and-burn pioneer agriculture,
without the long fallows oltraditional systems, is practised by populations that
are either attracted to or forced to migrate to tropical forest areas, or that are
transported to these regions under government colonization or transmigration
programs. Both shifting cultivation and pioneer farmers depend on burning to
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