
09/04/28 13:48Do the Scirus-Google test

ページ 1/18http://scirus.landingzone.nl/other/

SCOPE 51 - Biogeochemistry of Small Catchments

15 Small Catchment Studies in the Tropical Zone

TERESA VEGAS-VILARRUBIA, MANUEL MAASS, VALENTI RULL, VACLAV ELIAS, ALVARO  RAMON, 

COELBO OVALLE, DANILO LOPEZ, GERHART SCHNEIDER, PEDRO J. DEPETRIS AND IAN DOUGLAS

 
15.1 INTRODUCTION
15.2 MAIN ECOSYSTEM DISTURBANCES AND USEFULNESS OF SMALL CATCHMENT
STUDIES

15.2.1 DEFORESTATION
15.2.2 BURNING
15.2.3 MINING
15.2.4 ACIDIFICATION
15.2.5 HEAVY METAL MOBILIZATION

15.3 CASE STUDIES
15.3.1 THE CHAMELA WATERSHED PROJECT: A STUDY OF THE STRUCTURE AND

FUNCTIONING OF A TROPICAL DECIDUOUS FOREST IN WEST MEXICO
15.3.2 EFFECTS OF CLIMATE AND FIRE ON SMALL CATCHMENT ECOSYSTEMS IN SE

VENEZUELA
15.3.3 EFFECT OF DIKING ON SMALL CATCHMENT ECOSYSTEMS IN VENEZUELAN

FLOODED SAVANNAS
15.3.4 A SMALL CATCHMENT STUDY IN THE BRAZILIAN TROPICS

15.3.5 EFFECT OF STORM EVENTS ON STREAM CHEMISTRY IN AN ATLANTIC
BRAZILIAN COASTAL FOREST

15.3.6 RESEARCH ON EROSION AND CARBON EXPORT IN SMALL CATCHMENTS 
15.3.7 EFFECTS OF LOGGING ON MALAYSIAN RAIN FOREST

15.4 CONSTRAINTS OF THE SMALL CATCHMENT STUDIES IN LATIN AMERICA
15.4.1 ECOLOGICAL CONSTRAINTS
15.4.2 TECHNICAL AND SOCIOECONOMICAL CONSTRAINTS

15.5 CONCLUSIONS AND RECOMMENDATIONS
15.5.1 SMALL CATCHMENTS MODELLING VS. LARGE CATCHMENTS
15.5.2 FIRST DISTURBANCE TESTING
15.5.3 AWARENESS AND SCIENTIFIC COOPERATION

15.6 REFERENCES
 

 

15.1 INTRODUCTION

http://www.icsu-scope.org/downloadpubs/scope51/chapter15.html#t15.1
http://www.icsu-scope.org/downloadpubs/scope51/chapter15.html#t15.2
http://www.icsu-scope.org/downloadpubs/scope51/chapter15.html#t15.3
http://www.icsu-scope.org/downloadpubs/scope51/chapter15.html#t15.4
http://www.icsu-scope.org/downloadpubs/scope51/chapter15.html#t15.5
http://www.icsu-scope.org/downloadpubs/scope51/chapter15.html#t15.6


09/04/28 13:48Do the Scirus-Google test

ページ 2/18http://scirus.landingzone.nl/other/

In tropical Latin America the main riverine and lacustrine basins are characterized by large dimensions.
The Amazon basin, the largest hydrographical basin of the world, is located here, comprising 7 x 106

square kilometres. The rapidly increasing exploitation of the hydrological and mineral resources and
accelerated urbanization and industrialization of these lands makes gathering of reliable basic
environmental information an imperative necessity. Catchments of all size classes from a few square
kilometres to 7 x 106 km2 can be found forming a very complex hydrographical network. Very often,
small catchments of the tropics are valleys of headwaters of big streams situated in mountainous areas
which, as Gibbs (1967) pointed out, are important sources of suspended matter. Simultaneous research
on small catchments may contribute to tackling some of the main environmental problems of tropical
Latin America, yielding complementary information that would be difficult to obtain exclusively through
large catchment studies. An interdisciplinary approach will give a comprehensive view of the complex
interactions among different environmental parameters of the catchments. Furthermore, the results of the
studies conducted on the perturbation-sensitive small catchments will be applicable further downstream
to combat adverse effects of improper land-use and management practices.

In this chapter, the focus will be on: (1) pointing out some of the most critical environmental problems
affecting tropical Latin America at present; (2) illustrating the relevance of small catchment research
through examples and case studies in which the majority of the data comes from tropical Latin America
and one example was drawn from humid tropics of Malaysia; (3) brief discussion of the common
constraints of small catchment studies in tropical countries, and (4) issuing recommendations useful for
future small catchment research in the tropics.

15.2 MAIN ECOSYSTEM DISTURBANCES AND USEFULNESS OF SMALL CATCHMENT
STUDIES

15.2.1 DEFORESTATION

In the past, human impact on tropical rain forest was limited only to establishment of small clearings
following the old style technique of slash-and-burn shifting cultivation. In such conditions, soil erosion
was insignificant and water regime as well as nutrient cycling were not seriously affected, allowing
regrowth of a vigorous secondary forest (Sioli, 1984). Recently, however, industrialization and
urbanization have led to large-scale deforestation with irreversible destructive consequences (Bruenig
and Schmidt-Lorenz, 1985). The most significant environmental changes resulting from interventions
and their unfavourable effects on terrestrial ecosystems have been compiled by several authors (Sioli,
1984; De Melo-Carvalho, 1984; Perry and Maghembe, 1989). Along with their envisioned consequences
these changes can be listed as follows:

1. Circulation of nutrients and changes in nutrient reserves. Loss of forest cover removes a major
sink of nutrients in large areas and alters the nutrient cycling. It interrupts the internal cycling of
nutrients which has been taking place through generations of organisms living in the ecosystem.

2. Surface soil erosion. Removal of forest will lead to enhanced soil erosion. In flat areas, removal of
fine particles by selective erosion may cause a relative increase in the content of coarser particles
of the sand fraction (sandification).

3. Climatic changes. Large-scale deforestation will cause changes in water balance that, in turn, may
lead to (micro- and meso-) climatic changes. Lack of sufficient water vapour will promote changes
in the seasonality of rains and much more pronounced dry seasons.

4. Regime and sediment load of the rivers. A change in pluvial regime together with an increase of
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surface runoff will cause instability of the river regime. An increase of the sediment load due to
enhanced erosion of soils can also be expected. According to Zink (1986), topographic and
bioclimatic factors also play a fundamental role in the ability of the system to retain its integrity.
Zink states that, after forest removal, the released nutrients are lost rather by soil truncation than by
deep leaching. Thus, after deforestation, the mechanical stability of the environment may play a
more important role in terms of resilience of the ecosystem than biogeochemical cycling.

15.2.2 BURNING

In tropical savannas, fire is a secular land-use practice and is also employed by some Indian cultures for
other purposes. In many cases, fires are uncontrolled and expand very rapidly. These effects might not be
foreseen, because humid tropical forests normally respond to clearing or burning with a regrowth of
secondary forests. Observations of Fölster (1986) indicate that the regeneration of vegetation is poor and
sensitive to subsequent fires, thus leading to a progressive conversion of the affected area into bush
savanna and, eventually, to pure savanna. The fire impact on forest might only be explained against the
background of latent instability and low resilience of the forest vegetation. Continuous chemical and
hydrological stress would explain these ecological features of the forest. Among the most important
stressing and straining processes Fölster (1986) points out the followings: (a) natural soil acidification
through weak acids; (b) sensitivity to water stress enhanced by slope and soil conditions; (c) lack of
balance between uptake and release of nutrients by the forest system.

Fölster (1986) explains the instability of the savanna vegetation and its further degradation by nutrient
losses due to frequent burning, and by mineral and organic matter losses by surface wash. Thus, the
effect of soil acidification on ammonia and aluminium saturation, depletion of basic cations (specially
Ca) and toxicity of aluminium should be analysed. These factors may be responsible for high mortality,
shallow rooting depth and concentration of roots close to the soil surface. The impact of episodic
droughts on the rate of mineralization of organic matter and on the efficiency of root systems seems to
affect the nutrient balance. Small catchment research may serve to analyse the stressing processes and
particular environmental characteristics that favour the aggradation of savanna-forest ecosystems.

15.2.3 MINING

South America has sizeable mineral resources consisting mainly of metal ore deposits mined for industry
(iron, copper, lead, zinc, tin and aluminium), fossil fuels (crude oil), precious metals (gold) and
gemstones (diamonds). The mineral resources are being exploited by large enterprises and non-regulated
small mining operations with serious environmental impacts. To open a mine, the overlying soils and
vegetation must first be removed. As a rule, the resulting perturbation is very severe. Water courses are
especially affected by an increase in suspended load with solid particles like sand and mud, and by
soluble and toxic chemicals used for treatment of ores in copper, gold and aluminium (bauxite) mines.
Due to its importance, metal mobilization will be the subject of a separate section (see below under
Section 15.2.5). Mercuric pollution of rivers caused by gold extraction deserves particular attention.
Furthermore, in the proximity of the extraction facilities, heavy industry centres are cropping up and
these will create further industrial and domestic pollution problems unless adequate preventive measures
are taken.

15.2.4 ACIDIFICATION

In spite of the relatively low proportion of industry when compared with highly industrialized countries,
attention must be paid to acidification even in tropical developing countries (see SCOPE report of Rodhe
and Herrera, 1988). The first reason is obvious, the growing industrial activity will give rise to enhanced
emissions of acidifying compounds like SO2 and NO2 to the atmosphere in a relatively short time. The

http://www.icsu-scope.org/downloadpubs/scope51/chapter15.html#t15.2.5


09/04/28 13:48Do the Scirus-Google test

ページ 4/18http://scirus.landingzone.nl/other/

second reason is the well-known sensitivity of most tropical ecosystems to acidification due to their low
buffering capacity. Some tropical soils are naturally acidic, showing low pH and cation exchange
capacity (CEC), and high exchangeable aluminium content (Paolini, 1986). Knowledge on sulphate
adsorption capacity, sulphate mobility, leaching and losses of major nutrients, mobilization of toxic
metals and changes in microbial activity in tropical soils is required for the assessment of future changes
caused by anthropogenic acidification. Similar to soils, many tropical South American rivers are acidic
(Sioli, 1984; Vegas-Vilarrúbia and Paolini, 1988 a,b). Humic acids are an important component of the
river water and may be responsible, together with the absence of carbonate rocks, for most of their
acidity. Our understanding of the chemical and biological systems which prevail in aquatic environments
with high humic acid content is insufficient. The role of humic acids in the transport and biological
uptake of essential nutrients (P, N) and metals also has to be clarified. Small blackwater creeks and their
catchment areas would be appropriate for such studies. Tropical vegetation growing under acidic
conditions is known to be tolerant to natural acidity. The high ecological costs of living in such
environments call in question the ability of the vegetation to tolerate further increase in acidity (Cuenca
and Herrera, 1986).

15.2.5 HEAVY METAL MOBILIZATION

Metal mobilization in the tropics may be a consequence of both natural acidification and mining activity.
Particular attention should be given to aluminium and mercury, because both are potentially harmful.
Aluminium is easily mobilized by acidification, while mercury is too often used for gold extraction in an
uncontrolled way. Evaluation and quantification of their potentially harmful effects is essential not only
for ecosystem management, but also for human health. Therefore, identification of species that may be
bioavailable and toxic, and knowledge of their chemical reactivity and transformations in natural
environments is required. Questions concerning occurrence, natural concentrations, release patterns,
mobility and toxicity of metals could be simply addressed in small catchments affected by mining
activities, or by acidic environment, respectively.

None of the above mentioned problems is yet fully understood or explained. The focus must be put on
understanding of the basic processes among biotic and abiotic constituents.

15.3 CASE STUDIES

Six of the following case studies were conducted in areas of Latin America shown in Figure 15.1, while
the seventh example is drawn from Malaysia.

http://www.icsu-scope.org/downloadpubs/scope51/chapter15.html#fig15.1
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Figure 15.1 Location map of small catchments referred to in Sections 15.3.1, 15.3.2, 15.3.3, 15.3.4 and
15.3.5: (1) Chamela watershed (Mexico); (2) Gran Sabana; (3) Catchments of Tijuca National Park; (4)
Mantecal; (5) Manaus free Zone Authority.

15.3.1 THE CHAMELA WATERSHED PROJECT: A STUDY OF THE STRUCTURE AND
FUNCTIONING OF A TROPICAL DECIDUOUS FOREST IN WEST MEXICO

Five small catchments have been selected as experimental units for a long-term ecosystem research
project aimed at understanding the structure and function of the tropical deciduous forest, and developing
ecologically sound management practices for its use and conservation. The forest research sites are under
administration of the Chamela Biological Reserve located in Jalisco, Mexico (105°W, 20°N).

More than 200 tree species have been identified in the area. Above-ground living biomass ranges
between 50-85 Mg ha-1 (Martínez-Yrízar et al. unpubl. data), with a root/shoot biomass, ratio of 0.59.
Below-ground biomass is estimated at 30 Mg ha-1. Nearly two-thirds of all roots occur in the 0-20 cm
soil layer and about one-third of all roots are 5 mm in diameter (Castellano et al., unpubl. data). Only
one-third of the standing crop dead wood biomass decomposes in the forest floor, the rest is attached to
living or dead standing trees (Maass et al. 1990). About 70% of the litterfall are leaves, 17% woody
material, 6-9% reproductive organs remain and 5% are made up by fragmented debris (Patiño, 1990).
The annual rate of leaf litter decomposition averages 0.5% (Martínez- Yrízar, 1980).

Soils are slightly acid (pH around 6.5) and have low inorganic matter content (2.5% ). Nitrogen
transformations in the soil have been studied in detail. Fluxes of nitrous oxide averaged 0.91 ng cm-2 ha-

1 during wet season and were virtually absent in the dry season (Vitousek et al., 1990).

In the last 25 years, the tropical deciduous forest has been subjected to an intense transformation.
Usually the forest is burnt after clearing with axe and machete. Maize is planted for two years at most,
and then replaced with grass for pasture. Small plot experiments are being carried out prior to catchment
manipulation to obtain an insight into the ecosystem response to different land-uses, and to develop
erosion-control techniques for the area (Maass et al., 1988).

15.3.2 EFFECTS OF CLIMATE AND FIRE ON SMALL CATCHMENT ECOSYSTEMS IN SE
VENEZUELA

http://www.icsu-scope.org/downloadpubs/scope51/chapter15.html#t15.3.2
http://www.icsu-scope.org/downloadpubs/scope51/chapter15.html#t15.3.3
http://www.icsu-scope.org/downloadpubs/scope51/chapter15.html#t15.3.5
http://www.icsu-scope.org/downloadpubs/scope51/chapter15.html#t15.3.1
http://www.icsu-scope.org/downloadpubs/scope51/chapter15.html#t15.3.4
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The knowledge of ecosystem responses to external disturbances is necessary for predictive models, as
well as for planning of their use. In most tropical areas where historical data are not available the
responses of ecosystems can be derived using palaeoecological studies.

Gran Sabana is a region with a typical warm and wet tropical climate (Galán, 1984) and a contrasting
open, graminous vegetation. Forests are present only along river courses, and on some mountain slopes
(Huber, 1986). Several natural and anthropogenic factors have been proposed as the cause for a
hypothetical deforestation (Fölster, 1986; Hernández, 1987) but none of these hypotheses has been
confirmed. Three small catchments were selected to test these hypotheses, using palynological analyses
of peat and lake sediments. The results showed the influence of climate and fire on the reduction of
former forests (Rull, 1991). Both dryness and fire contributed to the replacement of forests by open
savanna, but time scales and transient communities were different. These substitutions were not
reversible, although a subsequent humid phase occurred. Morichales (a type of gallery forests dominated
by the palm Mauritia flexuosa) settled along river courses, and open savanna landscapes remained. To
explain these changes, the hydrological and nutritional properties of soils must be considered (Fölster,
1986).

15.3.3 EFFECT OF DIKING ON SMALL CATCHMENT ECOSYSTEMS IN VENEZUELAN
FLOODED SAVANNAS

The factors that regulate the loss of critical nutrients from mature, undisturbed ecosystems are not well
understood. Most of our knowledge on nutrient budgets is obtained on small watersheds located in
forested ecosystems of the northern temperate zone, extremely limited knowledge exists for watershed
systems in tropics, where nutrient budgets were studied far less frequently than in the temperate zone
(Meybeck, 1982; López-Hernández et al., 1983, 1986). Accumulation of elements is associated with a
significant biomass increment which, in the case of forested ecosystems, could be ascribed to an early
successional stage. Although a small negative balance may be a consequence of the normal weathering
of the landscape, a large negative balance indicates an important disruption of ecosystem processes, e.g.
clearcutting or herbicide treatments (Bormann et al., 1968).

In 1970 the government of Venezuela started a management programme of small dikes (called modulos)
over 250 000 ha of savanna affected by seasonal floods. Primary and secondary production under the
modular (diked) system have been reported to increase. A high rate of plant decomposition has also been
observed, especially at the beginning of the flooded period. Accordingly, it was assumed that a
considerable amount of nutrients is lost from the ecosystem through the floodgates.

A multidisciplinary team has been working in the Experimental Module, Mantecal-MEM zone to
understand the structure and function of a flooded savanna. Specifically, the research addresses two
objectives: investigation of the nutrient budget of elements over a two-year period and analysis of the
main inputs and outputs in a seasonally flooded savanna.

The site is located between the rivers Arauca and Apure (7°8'N and 68°45'W) and it is a flooded savanna
which originated under alluvial sedimentation processes. Soils in the study area are characterized by
common natural fertility. Dominant species are Leersia hexandra and Himenachne amplexicaulis, species
with a high above-ground net primary production (5.5-9.1 Mg ha-1 year-1; López- Hernández, 1991).
The climate of the region is of the type Awig (Koeppen) with a maximum average temperature of 27°C
and continuous precipitation from May to October.

Table 15.1 summarizes the information about inputs, outputs and budgets of macroelements (Na, K, Ca
and Mg) and microelements (Zn, Cu and P) entering 
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Table 15.1a Macroelements budget for Modulo Experimental (kg ha-1 year-1)
                              

Cation Input 1980 Output Net Input 1981 Output Net

Na 13.92 18.29 -4.37 5.96 22.19 -16.23
K 2.62 12.89 -10.27 3.81 12.44 -8.63
Ca 7.96 11.26 -3.30 2.88 15.54 -12.66
Mg 0.68 7.34 -6.66 1.03 4.91 -3.88

Table 15.1b Microelements (P, Zn, Cu) budget for Modulo Experimental. P losses include export by
wading birds (kg ha-1 year-1)

Cation Input 1980 Output Net

P 0.193 0.101 0.092
Zn 0.595 0.214 0.382
Cu 0.244 0.0604 0.164

the ecosystem by wet precipitation between 1980 and 1981. Assuming that most of the soils are poorly
drained after reaching field water saturation capacity, the percolation of water by drainage is minimal.
Consequently, losses of elements from the watershed by deep seepage are negligible. Nutrient budgets
are therefore calculated as the difference between annual input (entering via precipitation) and output
(leaving in lateral drainage) for a given chemical element.

Net negative fluxes of sodium, potassium, calcium and magnesium were obtained in the two-year period.

Flux of chemical elements in precipitation is a significant input into oligotrophic environments such as
flooded savanna. Net cation losses, although larger than in non-flooded savanna, did not show that large-
scale nutrient cycling disruption is taking place in the diked savannas of Montecal. Net losses of
potassium in the diked savanna were particularly high relative to published data.

Output fluxes of phosphorus, zinc and copper were low and positive budgets were reported for these
elements. Phosphorus, zinc and copper accumulate within the ecosystem in significant quantities, their
major loss being particulate matter.

The prolonged water saturation may be considered as a nutrient-conserving management technique.
Biomass doubled after the construction of dikes. That enhanced biomass accumulation is responsible for
further increase in nutrient uptake and immobilization (Odum, 1969) which, in turn, diminishes nutrient
losses.

15.3.4 A SMALL CATCHMENT STUDY IN THE BRAZILIAN TROPICS

A multidisciplinary project has been conducted by the National Research Institute of Amazonia (INPA)
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(Ribeiro et al., 1982). The study was executed in an experimental basin (23.5 km2 situated in the
agricultural and forest reserve of the Manaus Free Zone Authority. The climate is tropical, rainy, with
mean annual temperature 26°C, relative humidity 79% and precipitation 2200 mm. The forest region is
drained by a system of three rivers; their water is usually acidic (pH 3.9-5.0) and of extremely low
conductivity (less than 20 µS cm-1). River water is black-coloured where the river drains sandy soils
with slow and incomplete decomposition of litter, and "clear" where it drains heavy clay soils.

The measurement of the rainfall interception by the canopy has shown that 22% of the total rainfall
intercepted by the tropical forest was returning to the atmosphere through evaporation, and 78% reached
the soil surface as throughfall. The stemflow represented only 0.3% of the total. The rate of
evapotranspiration estimated through measurements of the overall water balance was 4.1 mm day-1 while
the average transpiration was 2.7 mm day-1, representing about 48.5% of the total water balance. To
simulate surface water runoff, a conceptual model, based on a cascade of reservoirs, was developed.
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Figure 15.2 Variations in the water chemistry of the stream during the storm. Gauge hieght (H) in cm, 
Conductivity (C) in µS cm-1, others in mg l-1.

15.3.5 EFFECT OF STORM EVENTS ON STREAM CHEMISTRY IN AN ATLANTIC BRAZILIAN
COASTAL FOREST

The catchment area studied is located on the Atlantic side of Tijuca Massif. Tijuca National Park. and
belongs to the dominant ecosystem of the eastern Brazil coast, the Brazilian Coastal Forest.

Figure 15.2 shows stream chemistry variations during a storm event in this premontane basin. Chemical
changes suggest that two chemically different waters reach the stream channel: a small water volume
with a lower ionic content in the first rising of stream height. followed by a major water volume with
higher ionic content. The large drop in SiO2. Na and CI concentrations during the initial rise could be
associated with a water that was inside the basin before the storm began. The increase in stream element
concentrations related to interactions between vegetation and soil with rainwater occurred in the second
rise reflected by Ca, Mg, ,. Na, CI and conductivity behaviour. Based on a three-year study of stream
output from the study area. it could be estimated that the contribution of these storms to the annual
output in this period amounted to 6.3-22.3% depending on the element and the year (Table 15.2).

Table 15.2 Storm runoff (kg ha-1) and stream output (kg ha-1 year-1) during 1983-85 in Tijuca National
Park, Brazil (Ovalle et al., 1987). The percentage of contribution of storms with precipitation higher than
50 mm day-1 is also shown

Storm 1983 % 1984 % 1985 %

SiO2 0 .48 59 8 .1 30 6 .3 39 7 .4
Cl 0 .87 86 10 .1 42 8 .3 57 9 .1
Na 0 .56 58 9 .7 27 8 .5 37 9 .2
K 0 .17 11 15 .5 5 .5 12 .3 8 .2 12 .2
Ca 0 .16 9 .7 16 .5 3 .8 16 .8 4 .3 22 .3
Mg 0 .13 6 .7 19 .4 2 .4 21 .7 5 .9 13 .2

Reproduced by permission of Czech Geological Survey, Prague.

15.3.6 RESEARCH ON EROSION AND CARBON EXPORT IN SMALL CATCHMENTS 

All the large rivers draining the tropical regions deliver large masses of sediments  into the oceans
(Milliman and Meade, 1983). Not only a large mass of inorganic particles-a product of intense tropical
weathering- is exported from the continents, but also organic constituents which play a significant role in
the biogeochemistry of river systems and of coastal areas (Degens et al.. 1991 ). Tropical rivers with
relatively low total suspended sediment concentration (TSS) have the largest particulate organic carbon
(POC) contribution to their suspended loads (up to 15%). a significant part of which are amino acids
(about 35%) and carbohydrates (about 15% ). the so-called "labile fraction" available for heterotrophic
consumption (Ittekot and Laane, 1991).

http://www.icsu-scope.org/downloadpubs/scope51/chapter15.html#fig15.2
http://www.icsu-scope.org/downloadpubs/scope51/chapter15.html#tab15.2
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Large river systems are fed by extensive networks of small, first- or second- order streams with basin
areas with a high relief rarely exceeding a square kilometre. Numerous small catchments are often major
sources of organic and inorganic phases for the larger systems.

It is a well-established fact that, as effective precipitation increases, the amount of eroded sediment rises
steeply. Further, an inverse relationship exists between catchment area and sediment yield. Hence,
although vegetation cover is an effective protection against erosion, some tropical small catchments
which have totally or partially lost their vegetation cover through human intervention exhibit
exceedingly large erosion rates (e.g. 500-800 t km-2 year-1). Clearcutting could increase the sediment
yield by a factor of 100 during storm events (Meybeck, 1989). The specific export rate of total organic
carbon (TOC) is the highest in tropical regions, fluctuating between 3 and 15 t km-2 year-1) (Meybeck,
1981). Although it is known that the dissolved-to-particulate organic carbon ratios (DOC/POC) fluctuate
between 5 and 12 in wet tropical regions (Ittekot and Laane, 1991), it is not possible to elaborate further
on the dynamics of carbon in small tropical catchments due to the paucity of existing data.

15.3.7 EFFECTS OF LOGGING ON MALAYSIAN RAIN FOREST

Solute loads exported from steep upland catchments in the mid range of peninsular Malaysia and the
effects of logging and land conversion on stream sediment loads and water quality have been
investigated since the 1960s (Bishop, 1973, Douglas, 1969,1978; Peh, 1981). Since the 1970s catchment
studies have been undertaken by the Forest Research Institute Malaysia (PRIM) and related national
institutions (Salleh et al., 1983; Lai and Samsuddin, 1985; Rahim and Zulkifli, 1986; Zulkifli et al.,
1987; Zulkifli, 1989). The most important catchment experiment was the Sungei Tekam study (Law et
al., 1989) which examined the hydrological and water quality effects of tropical rain forest conversion to
cocoa and oil palm plantations.

Recent studies by Lai (1992) in peninsular Malaysia (Figure 15.3) aided by use of automatic runoff
samplers provide a reliable estimate of solute fluxes under natural conditions and under disturbance by
selective commercial logging. Most older studies, however, were plagued by less frequent sampling
during storm events resulting in chemical and flux data biased by the higher solute concentrations, typical
of baseflow.

In the undisturbed steepland catchment on a granitic substrate (Sg.Lawing) the - total solute output was
11.5 t km-2 year-1; while the logged catchment (Sg. al Batangsi) had a solute output of 14.9 t km-2 year-

1 and a greatly increased particulate sediment load. The highest solute output (27.6 and 23.2 t km-2 year-

1 in two  successive years) was observed in catchment Sg.Chongkak where logging had just ceased (Lai,
1992).

Table 15.3 summarizes the major solutes output from undisturbed, logged and recovering catchment. All
catchments have quartz-rich granitic bedrock. Silica

http://www.icsu-scope.org/downloadpubs/scope51/chapter15.html#fig15.3
http://www.icsu-scope.org/downloadpubs/scope51/chapter15.html#tab15.3
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Figure 15.3 Location of the peninsular Malaysia study area and of Malaysian Borneo.

dominates the solute output in the natural catchment (56-62% of total). Percentage of silica increases in
connection with logging, possibly due to increased export of sediment, composed mainly from fresh
quartz and feldspar grains.

Potassium release from disturbed catchments was 1.4-2 times higher than from the undisturbed S g.
Lawing catchment (Lai, 1992), reflecting the disturbance of forest floor and the plant communities in the
rain forest. Percentage of potassium increased during the logging period but decreased later.

The effect of logging on stream sediment and solute outputs was also investigated in the lowland
dipterocarp rain forest in the Ulu Segama area of Sabah, Malaysian Borneo (Douglas et al., 1990).
Baseflow runoff chemistry does not differ between disturbed and undisturbed catchment (Douglas et al.,
1992). Baseflow chemistry is controlled by weathering reactions which are essentially the same at both
sites.

The time evolution of the ratio Ca+Mg/Na+K (EPM) (Figure 15.4) in logged and undisturbed catchment
illustrates the effect of logging. The ratio in stream draining the logged area dropped well below that for
the natural site throughout.

Table 15.3 Yields of major solutes (t km-2 year-1) from steepland catchments in peninsular Malaysia
(from Lai, 1992). For location of catchments see Figure 15.3

Catchment Ca K Mg Na Fe Al Si Total

http://www.icsu-scope.org/downloadpubs/scope51/chapter15.html#fig15.4
http://www.icsu-scope.org/downloadpubs/scope51/chapter15.html#fig15.3
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Sg.
Batangsia

0.143 2.088 0.031 3.192 0.215 0.497 8.750 14.916

Sg.
Chongkakb,
first period

1.385 2.910 0.368 4.665 0.635 0.508 17.169 27.640

Sg.
Chongkakb

second
period

1.393 2.208 0.364 4.658 0.426 0.421 13.764 23.235

Sg.
Lawingc 0.689 1.458 0.170 2.369 0.217 0.130 6.484 11.517

Sg. Luid 0.812 1.083 0.309 1.616 0.335 0.117 4.822 9.094

aSg. Batangsi is undergoing active logging.
bSg. Chongkak ceased to be logged during the first period and was recovering from logging in the
second period.
cSg. Lawing is a natural. undisturbed catchment.
dSg. Lui was partially logged 25 years ago and has a little active logging and an agricultural area in the
lower reaches.

Figure 15.4 Change in the Ca+Mg/Na+K ration (EPM) in the two catchments located in the Ulu Segama
area during and after the logging period. W8S5 is an undisturbed natural catchment (1.1 km2), the logged
catchment Steyshen Baru has an area of 0.54 km2.

logging and through the next four months, then recovering and actually exceeding of values reported for
undisturbed catchment.

Decrease of the index does not reflect change in baseflow chemistry following the logging, but an effect
of substantial dilution of solute concentrations during storm runoff because of the occurrence of rapid
runoff over compacted bare surfaces and logging tracks. An increase in silica export occurs as a
consequence of  the high sediment supply to the logged stream (Douglas et al., 1992).
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Observations of storm-period decreases in solute concentrations, but increases  in macro nutrient exports
following logging correspond to the same pattern observed in the temperate forests of the USA
(Bormann and Likens, 1979; Lynch and Corbett, 1991). The study in  Ulu Segama is continuing to
follow the post-logging recovery at least for five years.

Several important studies of the effects of land-use change in small catchments have been carried out in
Indonesia and have been summarized by Bruijnzeel (1983, 1989, 1990). These studies emphasize that
while progress has been made in monitoring the biogeochemistry of South East Asian rain forests, it has
been hampered by lack of good instrumentation and inability to pursue long-term studies. A great effort
to stimulate research in this field has been made by the ASEAN Water Resources programme and by the
Asia-Pacific Watershed Network whose newsletter was issued by the Environment and Policy Division
of the East-West Center, Hawaii. Recently this newsletter was amalgamated with the Asia-Pacific
Uplands Newsletter issued by Dr Ron Hill, Department of Geography and Geology, University of Hong
Kong, Hong Kong, on behalf of the Pacific Science Association.

15.4 CONSTRAINTS OF THE SMALL CATCHMENT STUDIES IN LATIN AMERICA

15.4.1 ECOLOGICAL CONSTRAINTS

Small catchment research in the tropics presents some limitations that have to be carefully considered in
order to obtain reliable results that eventually could lead to generalizations.

In Europe and North America, small catchments with areas of 1-10 km2 have proved to be useful to
show the complex interactions among different environmental parameters. In tropical Latin America, it
still remains to be seen which is the ideal size of catchments representing the smallest functional unit. On
the one hand, studying such small catchments in countries where large rivers prevail might seem
irrelevant. In fact, there are relatively few published studies on small catchments in tropical Latin
America. On the other hand, catchments that may serve as "natural laboratories" cannot be too large,
otherwise data interpretation becomes difficult. Heterogeneity of environmental factors and biodiversity
suggest that catchment area might be somewhat larger. Biodiversity of the tropics has become  legendary
and does not need to be reiterated here. Therefore, catchment size selection in tropical Latin America has
to balance both ecosystem representation and  practical considerations. Extrapolation of results to a
regional scale may be much more difficult and must be handled with caution.

15.4.2 TECHNICAL AND SOCIOECONOMICAL CONSTRAINTS

Like every ecological research, catchment studies require background information  (climatic records,
detailed topographic maps, geological surveys, data on flora and  fauna). These data often do not exist or
access to them is difficult.

Scientific equipment, chemicals, etc., normally have to be imported. To spend precious foreign currency
on this purpose does not always get top priority in developing countries.

Catchment studies require a close cooperation of scientists from different fields such as soil science,
hydrology, biology, etc. In tropical countries the number of scientists is limited and they are frequently
occupying administrative positions. This makes interdisciplinary work difficult.

Catchment studies usually are long-term projects which require stable conditions. Due to the lack of
funding and political interference, many scientific institutions in the tropics are subject to a frequent
change of staff, which hampers long-term scientific projects.
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15.5 CONCLUSIONS AND RECOMMENDATIONS

15.5.1 SMALL CATCHMENTS MODELLING VS. LARGE CATCHMENTS

Scientific research in the tropics has so far been conducted mainly on large catchments, while small
catchments have received little attention. One inductive way to relate small with large catchments might
be based on experiments and modelling from the former, and adequate testing on the latter. As a first
step, characteristic small catchment processes should be studied, their functioning modelled and their key
parameters identified. The second step involves provoking low- to high-level disturbances, recording
catchment responses and setting up more general models. The third step implies the selection of more
suitable models for potential extrapolation and comparison of key parameter measurements in large
basins with small catchment predictions. The main limitation for this approach in tropical Latin
American countries is the lack of basic, descriptive information on the functioning of ecosystems.

15.5.2 FIRST DISTURBANCE TESTING

In many northern temperate regions, land-use and related environmental modifications are a secular
practice to the extent that most landscapes are practically man made environments. In tropical countries,
anthropogenic disturbances are still relatively small, and most catchments are virtually undisturbed. The
term "undisturbed" does not strictly mean untouched, because anthropogenic influence can be  clearly
recognized. However, both type and magnitude of these effects place the tropics in a different context,
where indigenous and mechanical land-use techniques converge, both acting on relatively undisturbed
ecosystems with unknown potential responses. The behaviour of catchments from northern temperate
secularly managed ecosystems can definitely not be extrapolated to the systems such as  those described
in this chapter. Thus the term "first disturbance" seems appropriate  to emphasize the difference between
the starting point of most tropical and temperate human-induced processes. Small catchment experiments
may be a good  approach to test and predict natural responses to these first disturbances associated with
minimum damage. Otherwise, environmental changes leading to artificial human-made environments are
a latent danger.

15.5.3 AWARENESS AND SCIENTIFIC COOPERATION

There is still a lack of awareness of the importance of using catchments as management or experimental
units in tropical Latin America. Therefore, active diffusion of the usefulness of results obtained from
pilot small catchment research is needed.

Technical and some socioeconomical constraints can be overcome through close cooperation with
scientific institutions of industrial countries. Mutual exchange of scientists, launching common research
programmes, workshops, delivery of scientific equipment on favourable terms are conceivable. Efforts of
international bodies towards institution-building and strengthening of the existing institutions  could also
prove helpful. Additionally, certain sociological domestic problems must be solved.
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