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INTRODUCTION

Tropical areas have fascinated geomor-
phologists for many years. There are many
reasors for this. Early geomorphologists
were impressed by features such as insel-
bergs, vast featureless plains, the great depth
of rotted rock, Iarge expanses of lateritic
crusts and the apparently great vitality,
complexity and stability of tropical eco-
systems. This lead to the belief that tropical
landscapes were somehow unique and could
be related to zor.al tropical climate. Thus
tropical geomorphology often stresses the
distinctiveness not of tropical landforms but
of tropical climates ancl tropical vegetation.
Tropical rainforests especially were thought
of as a climax community with implications
about ecological stability and associated
geomorphological processes.

This approach was seemingly satisfactory
until it was realisetl that major as well as

minor environmental changes have occurred
in the tropics during the Pleistocene Period.
This leads to the possibility that many
tropical landscapes are not necessarily in
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equilibrium with current climate and vege-
tation. It is also possible that tropical
rainforests are not the stable ecosystems that
they were thought to be. It is now clear
that large areas of the tropics have been
subjected to major changes of climate over
the Iast 200,000 years, one of the most
significant being a period of much drier,
cooler and windier climatc between 20,000
BP and 125,000 BP. In South America and
Africa it appears that areas of tropical
rainforest decreased to occupy remnant
enclaves. The situation in Malesia is
unclear but similar environmental changes
are likely to havc occurred. This means that
landscapes have to be examined in greater
detail to try to establish the scale and effect
of such environmental changes. These will
depend ultimately on the sensitivity of the
landscape to change.

LANDSCAPE CHANGE

The physical landscape can be thought of
as a system which is being subjected conti-
nually to external shocks. Brunsden and
Thornes (1979) have subdivided these
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external shocks into pulsed and ramped
inputs. In pulsed inputs the external d,is-
turbance is short in relation to the timc scale
being considered and is usually followed, by
a return near to the initial state. Pulsed
inputs are usually extreme, episodic events
which are spatially and temporally restricted.
Ramped inputs, such as climatic or land use
changes, changes of sea level or tectonic
activity, are usually sustained at a new level
because of these relatively permanent shifts
in the controlling factors. The effect of
ramped inputs is also likely to bo felt
throughout all parts of the lanclscape rather
than being spatially restricted. Climatic
change will alter the weathering regirne over
the entire landscape and rnay upset the
balance between weathering and removal
of material. Yegetation and sojl systelrs
are also usually altered.

The scale and location of any landscape
change will depend on the sensitivity of the
landscape. Sensitivity can be expressed as

the likelihood that a given change in the
controls of a systenr will produce a sensible,
recognisable and persistent change. Land-
scapes vary in their sensitivity to change and
there are also great variations in sensitivity
within landscapes. Two contrasting types
can be identified ( Brunsden and Thornes-
1979 ). Mobile, fast responding systems
have high sensitivities to extentally generated
changes, react quickly and relax to new
system states with ease. They are extremely
sensitive to climatic variations bur are
morphologically complex because they
exhibit both equilibriurn or characteristic
landforms as well as transient forms, In
contrast to these systerns there are slowly
responding, insensitive areas, such as inter-
fluves and plateaux where change is rarely
felt. This is due to a combination of low
concentrations of flows of energy, water and
materials, intermediate buffering or high
storage capacity. In general, most land-

scapes are of intermediate sensitivity.

The consequences of this differing sensiti-
vity are extremely important to an under-
standing of longterm landform evolution.
In insensitive arsas characteristic forrns are
rarely produced unless enviornmental condi-
tions remain constaut for long periods. The
polygenetic plains of Africa and Australia
may be exanrples of this. However Street-
Perrott et al. ( 1985 ) have argued that there
is a possibility that in marginal climatic
zones in the tropics with urajor but frequent
alterations of differcnt geontorphological
regimes distinctivc landform assemblages
might be created. Highly sensitivc areas will
respond quickly to cxternal changes which
means that th.e effects of former conditions
are obliterated. The key to elucidating
landform developmerrt is the identification of
features in the landscape of mcdium scnsiti-
vity.

SOILS AS LANDSCAPE INDICATORS

Soils, and their relationships with land-
forms, are such rnedium sensitivity features.
Major landform types are often too insensi-
tive to record a1l but the major environmen-
tal changes. They rnay also be structurally
and tectonically detcrmincd. Vcgctation and
other biological features arc, in general, too
sensitive to enabic landscape change to be
established. Soil acts as a buffer zone bet-
ween the landform and the atmosphcric and
surface processes slraping that landform.
Soils are usually quite sensitivc to subtle
changes in the environmental conditions and
the soil profile should reflect th"e history of
the landscape if thc signals can be d.eci-
phered. These principles can be examined
with respect to erosion surfaces ( Gerrard,
1981 ). Erosion surfaces require a long time
to be produced and durilg that time external
conditions may have changed. Many
erosion surfaces arc now isolated fronr the
processes that creaed thcm. AIso erosion
surfaces are not cverywhere synchronous.
Active erosion surfaces are those still being



shaped by their formative processes, dormant
surfaces are thosc wh.osc active shaping has
ceased temporarily, perhaps by climatic
change, and are expccted to function again
in the near futurc, exotic surfaces were formed
under conditions th.at no longer exist and
defunct surfaces have been removcd from
the action of erosive processes by uplift or
depression.

Simply by examining their form and geo-
morphological rclations it is usually extre-
mely difficult to establish the current status
of crosion snrfaces. However, soils may
provide a pointcr to the status ofany erosion
surface. Exotic surfaces can be identified
by a soil cover that indicaies that there have
been gross changes of climate. The type and
distribution of soils may also make it clear
when active surfaces are being formed at the
expense of dormant or cxotic surfaces. This
is true of many parts of Africa. Analysis of
soils and weathering products enabled Ollier
( 1959 ) to establish the sequence of erosion
surface fonnation in Uganda. The relation-
ship betwcen duricrusts and erosion surfaces
has been crucial in the construction of
denudation chronologies in many parts of
the world. Also many workers have used
duricrusts as indicators of past climates.
Calcretcs appear to bc related to semi-arid
climates where annual rainfall is between
200-500 mm and ferricretes and alcretes
form under relatively humid conditions.
There is morc uncertainty concerning the
developmcnt olsilcrete. Summerfield (1983)

has argued that silcretcs may form under two
distinct climatic regimes. He makes the
distinction betwecn'the nonweathering
prolile' silcretes which result from Iocalised
silica mobility and concentration in high pH
conditions in arid and semi-arid climates
and 'the weathering profile' silcretes which
have formed rrnder more humid climates in
highly acidic, poorly drained environments.

Soils can also tre used to identify periodic
pheneomena in the landscape. Gile and
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Hawley (1966), using soil and sediment
analysis on alluvial fans in southern New
Mexico, were able to demonstrate the way in
which the fans had been formed by alter-
nating phases of deposition and erosion.
Lengthy periods of stability are indicated by
prominent, well developed buried soils. The
buried soils indicate complexities far greater
than are suggested by the relatively smooth
surface relief. The methodology developed
by Butler (1959, 1967) allows the usE of
buried soils to indicate changing relationships
between soils and landforms.

Soil profiles are also of use in determining
the nature of current geomorphological
activity. Many slope processes, such as
overland flow and throughflow, exhibit
extreme spatial and temporal variability,
making detailed process measurements extre-
mely difficult. Detailed process measurc-
rnents are especially difficult in tropical areas.
But the operation of such processes areloften
visible in soils" Sub-surface soil water move-
ment can usually be inferred from soil lpro-
perties. Having established some general
principles some specific applications to
tropical geomorphology can be examined.

IDENTIFICATION O['
ENVIRONMENTAL CHANGES

It is now clea,r that central Amazonia has
suffered effects of dry periods when the
la.ndsca.pe was not covered, by the present
type of rainforest. Sonre of the evidence of
these effects is very obvious, such as fossil
dune fields on its margins, but rnuch is more
subtle a,nd includes evidence from soils
( Trica.rt, 1985 ). Two characteritic plant
associations in the region are the 'cerrados'
and the 'tabuleiros'. The 'cerrados' are
a xeromorphic pla.nt association, with an
open stratum o.f trees, a denser shrub stratum
and a.n open lower stratum. Runoff is
active under such a. vegetation type. The
'tabuleiros' are thought to be a relict for-
mation of similar physiognomy found on
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plateaux remnants with poor dra.ina.ge during
heavy ra.ins a,nd with an extremely low soil
moisture retention ca.pa.city.'Ta.buleiro'
vegetation usua,lly grows on structureless,

4utrient-deficient, white quartz sa.nds. This
vegeta.tion, its specific morphodyna,mics and
rela.tionships with soils a.nd la.ndforms, ha.s

been used to explain dissection following the
dry period. Tabuleiro vegetation was wide-
spread on coarse detria,l rocks in Central
Ama.zonia. during the drier period but as the
clima.te beca.rne more hurnid it beca.me more
and rnore restricted in occurrence. At the
present time it survives on soils that provide
the worst conditions for forest growth.

Changes during the Qua.terna.ry in Central
Amazonia, ha.ve been described by Tricart
(1985) in the following terms. The last
rnajor phase occurred during the la.st sta.ge

of low sea level when there wa.s intense
dissection favoured by the lower sea level
and by the drier clirnate which elirnina.ted
the rainforest frorn the lowla.nds along the
Ama.zon River. During the Holocene, a.

wetter climete a,nd a. rise of sea. Ievel occurred
simultaneously. Th.e recolonisa,tion of the
Iandsca.pe by ra.inforest lea.d to a decrease in
sedirnent yield and consequently limited
accurnula.tion of a.lluviurn. This explain
why levees along the Amazon River a.re no
Ionger developing and are covered by rnany
metres of water. This chronology has been
esta.blished by a detailed a.na.lysis of many
interrelated fa.ctors of which soils and their
rela.tionships with vegetation and landforms
have been especially crucia.l.

Spa.th (1985) ha.s been a.ble to use similar
argurnents in explaining ,relief ganeration in
the dry zone of Sri Lanka. The dorninant
reddish-brown soils of the dry zone differ
markedly from the la.tosols a.nd plastosols of
the wet zone. They a.re sha.llow, skeletal,
rich in grus and I'nve an earthy structure.
They are a.lso well dra.ined with a. high poro-
sity. Kaolinite is the domina.nt cla.y minera.l
however kaolinitic weathering is much less

intensive than in the wet zone. Profiles
show little silt and are poorly sorted. Spath
(1985) describes a typical ca,tena between a
wash divide a.nd a wash depression in the
dry zone. Above the crystalline bedrock is a
decornposed zone several rnetres thick
followed by a mottled zone with a dense red-
brown loa.nn with pisolites and quartz grus.
This proflle exhibits features of an altered
la.tosol of the wet zone. This is clearly a
relict soil from former wetter conditions.
These relics thin out down slope indicating
that the la.tosol wes once continuous to the
wa,sh depressions a.nd has since been trun-
cated by the lowering of the depression.

Thus the catena is only pa.rtially the result
of the present clima.te. On the divides the
soils are complex and polygenetic with the
letosol relics derived from a wetter climate.
Heterogeneous soils with relics of a wetter
clima.te a.nd diverse sediments a.nd other
pa.la.eosols from a drier period of the Upper
Pleistocene dernonstra.te the intricate evolu-
tion of the landscape. Thus, in the dry zone
of Sri La.nka. it is difficult to define the
'norma,l la,ndscape '. The situa.tion in the
adja.cent areas of south-east India may be
simila.r. The Tarnilnadu surfa.ce has been
interpreted as polygenetic with evidence for
severa,l cha.nges of clima.te.

In a.ll these exa.mples it ha.s not been
possible to use rnorphological evidence on
its own to interpret the effects of environ-
mental cha.nge. The na,ture of the soils and
sediments ha,s been vital to unravelling some
of the a.mbiguity presented by landforms.
Thus, Thoma.s a.nd Thorp (1980) have shown
that in parts of Sierra Leone, surface mor-
phology under ra.inforest ca.n be interpreted
as being typical features oftropical rainforest
morphogenetic systerns. However, the soils
and sedirnents indicate very complex sequen-
ces beneath sirnple morphologies and demon-
stra.ts the polygenetic nature of the rnorpho-
logy. Soil types and particular soil proper-
ties ca.n also help indicate the operation of



current geomorphological processes and the
response of tropical landsca.pe to the type of
pulsed inputs discussed earlier.

SOILS AND GEOMORPHOLOGICAL
SENSMTVITY

Measurements of rates of water a.nd sedi-
ment movement on slopes under tropical
rainforest have dernonstrated the consi-
derable va.riability that exists even in a,ppa.-

reutly sirnilar clima.tes. This, in itself, should
warn against making sweeping generalisa-

tions concerning t ropica.l geornorphological
systems. Much of the varia.bility of response

can be explained by the na.ture of the soils.
Where the soils, as discussed earlier, are relic
and polygenetic, va.riability of soil and wa.ter

movement is going to be even grea.ter.

Douglas a.nd Spencer (1985) have summarised
some of the a.vaila.ble infornration from a
veriety of tropical areas. Surfla.ce wash in
the Pasoh forest reserve in Mala,ysia is a.n

irnporta.nt contributor to river flow, water
moving over the surface being about equa.l

to subsurfa.ce flow. In north Queensla,nd,
Australia, the surfa.ce 10 cm of soil under
rainforest has a high permeability. How-
ever, perrnea.bility decreases with depth and
even moderate intensity ra.infa.lls will not
penetrate below 20 crn, the surfa,ce soil
becomes saturated and rapidly produces
overland flow. This can be contrasted with
a typical Amazon slope where wa.ter moves
rapidly through the soil and saturated condi-
tions are only found on the lower slopes and
floodplains. Overland flow on the flood-
plain is the main ca.use of the rapid response
of the streams to raiu.

Some of the most interesting results have
been obtained by Walsh (1985) working in
the Windwa.rd Islands. Smectoid (mont-
rnorillonitic rich) clays of the highly seasonal
areas with less than 2500 rnnr of rain are
characterised by slullow topsoils, low top-
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soil water holding ca.po.city a.nd very low
subsoil permeabilities. Thus sa.tura.ted over-
Ia.nd flow is generated quickly and is wide-
spread. On ka.ndoid (ka.olinite rich) cla.y,
permeabilities of topsoil a.nd subsoil a.re

much higher and a.lso deeper topsoils have
a greater water-holding ca.pa.city. Therefore
sa.turated overla.nd flow is very rare a.nd
probably confined to cyclonic ra.infall. In
allopha.ne la.tosolic a.rea.s the soils a.re of
low bulk density and are extremely per-
meable. Despite frequent heavy ra.infa"lls,
widespread satura.ted overla.nd flow has
never been observed. Throughflow is domi-
nant.

These results ha.ve interesting repercussions
for the concept of landscape sensitivity a.nd

the applicati on of rna.gni tude-frequency idea s.

Clea.rly landforrn evolutiou models ba.sed on
the rna.gnitude a.nd frequency of geomorpho-
logical events need to include soil a.nd vege-
tation factors so l'ha.t la,ndforrn response to
any external stress or input ca.n be a.ssessed

realistically.

CONCLUSIONS

In any subject it is irnporta.nt, every now
and then, to assess the progress being ma.de,

whether the right questions are being a.sked

and rvhether the correct methodology is
being a.pplied. The geomorphology of
tropical areas ha.s now been shown to be
much more complica.ted tha.n wa.s origina.lly
thought and it seems likely ths.t a.tternpts to
develop broad syntheses based on clima.te-
laudform relationships are going to be

thwarted. Landforrns aloue are poor indi-
cators of genesis, notwithsta.dning the pro-
blems of convergence or equifina.lity. It is
suggested here that by combining landform
studies with analyses of soils a.ud developing
pedogeomorphological concepts a more
realistic account of the evolution of tropical
landscapes can be achieved.
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