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Geography and Demography 

The Indonesian part of the island of Borneo is called Kalimantan. It is divided into 

four provinces, namely Kalimantan Barat (West Kalimantan), Kalimantan Tengah (Central 

Kalimantan), Kalimantan Selatan (South Kalimantan), and Kalimantan Timur (East 

Kalimantan). 

Central Kalimantan covers area of 153,564 sq.km, which is 28% of the total area of 

Kalimantan. It is bigger than Java, Indonesia’s most populous island, which has an area of  

127,499 sq.km. the southern part of the province consists of lowlands and wetlands 

constituting an area of 36,716 sq.km or 24% of the total extent of the province. They 

comprise 812 sq.km of coastal plains, 12,392 sq.km of alluvial plains (including 

floodplains), 1,0207 sq.km of tidal swamps,and 22,485 sq.km of peat swamps (RePPProt, 

1985: with some rectification). The middle and northern belts vary from low-altitude 

uplands to rolling hills with an elevation up to more than 1,000 m. The highest parts are 

formed by the Schwaner Range and the Muller Range at the northwestern and northern 

borders. 

According to the 1995 statistics (Badan Pusat Statistik, 1996), Central Kalimantan 

has a total population of 1,627,000 and a population density of 11 per sq.km. for 

comparison, the total population and the population density of Java is 114,743,000 and 900 

per sq.km, respectively. As a whole Indonesia has a population density of 101 per sq.km. 

thus by Indonesian standards Central Kalimantan is very sparsely populated. 

 

                                         
1 Mega-Project of Central Kalimantan Wetland Development fo Food Crop Production. Belief and 
Truth. Seminar in Finlandia. 1998. 
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History of Wetland Development 

Attempts to develop wetlands for sawah rice cultivation (lowland rice) are not new 

in Indonesia. Many decades ago coastal wetlands in Sumatera and Kalimantan were 

spontaneously opened and settled by  Bugis people from South Sulawesi (Celebes), Banjar 

people from South Kalimantan and Malay people from Riau (East Sumatera) and West 

Kalimantan. They selected the better lands on the low, broad natural levees of big 

estuaries, avoiding carefully the too deep backswamps and peat soils. The tidal movement 

was essential for the effective flushing of acids and the renewal with better quality water in 

terms of pH and nutrient content. The tidal movement in the estuaries was spread laterally 

by simple networks of channels. By controlling the tidal movement the indigenous people 

succeeded in cultivating sawah rice, although on a modest scale of 1-2 km wide strip 

alongside estuaries. By present standards the yield was meager of 0,8-1 Mg per ha once a 

year. At the time, however, such yield was enough to feed the farmers and their families. 

The Banjarese system became known as “sawah bayar” (Triwasono & Syamsuddin, 1988; 

Notohadiprawiro, 1994, 1997). 

The success of the Banjarese with their sawah bayar had attracted genuine interest 

of the Netherland Indies government. To  facilitate farther entrance of the tides into the 

interior of the interfluvial plains or deltas in order to expand the cultivable swamp land, the 

government built canals connecting big rivers across their interfluves or common deltaic 

plains. The canals were also meant to provide waterways to improve the accessibility of 

the areas. The first canal built in Kalimantan, named Anjir Serapat (anjir = canal), was 

finished in 1890, connecting the rivers Kapuas and Barito spanning a distance of about 28 

km. The canal was later on widened and deepened by machine dredging in 1935 

(Triwasono & Syamsuddin, 1988; Notohadiprawiro, 1994, 1996). Since then the annexed 

areas had flourished with extensive sawahs, numerous market places and good housing 

(Anon., 1968).  

The rice shortage faced by the country after World War I had instigated the 

Government of Netherlands Indies to find out more about how the sawah bayar with its 

traditional tidal irrigation worked and what the soil requirements were. For this purpose the 

government initiated a comprehensive exploration of the coastal plains of southern 

Kalimantan. A number of soil reports had been published up to the 1950s, interrupted by 

the East Asian War and the Indonesian revolution for independence (van der Voort, 1951; 

van Wijk, 1951). In Indonesia plans for new land development are always integrated with 
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transmigration to move people out from the over-populated island of Java and Madura to 

the under-populated islands, notably Kalimantan. Such is a policy established since the 

Netherlands Indies era. 

In the1960s Indonesia was confronted again by but a more serious shortage of rice, 

making the country the world’s largest rice importer. Various sawah intensification 

programs in Java had failed to achieve the desired result because of the limited availability 

of land with adequate irrigation facilities. Once again the tidal swamps were looked to for a 

ready solution. The development was still inspired by the traditional technique, but 

improved using a systematic soil and engineering approach so that the unit of management 

can cover a larger area and better soil and water management. The efforts became a 

national agenda of the highest priority, starting in 1968 until 1983 and continuing in some 

selected areas to the present day. The project was carried out in Sumatera, Kalimantan and 

Irian Jaya (West New Guinea). 

In a further stage, the improved traditional system of water control was coupled 

with the Javanese traditional system of on-farm water management known as the ‘surjan 

system”. The former system controls water at a macro scale while the latter system 

manages water at a micro scale. The result was remarkable as not only rice could be 

grown, but also palawija (corn, soybean, peanut, etc.), vegetables and perennial crops such 

as fruit trees, coconut, coffee and cloves (Notohadiprawiro, 1997). 

 
Mega-Project of Wetland Development 

The project was initiated legally on a Presidential decree 82/1995. The official, 

complete title of the project is “Pengembangan Lahan Gambut untuk Pertanian Tanaman 

Pangan di Wilayah Propinsi Daerah Tingkat I Kalimantan Tengah Seluas Satu Juta Hektar” 

(Development of One Million Hectares of Peatland for Food Crop Production in the 

Province of Central Kalimantan). 

The mega-project is a very ambitious undertaking, led by over-simplified, over 

pragmatic reasoning by which agricultural production, in particular rice (later on corrected 

into food in general), is the resolute goal. The ambitious, over-confident decision hastily 

made was to deal with the pressing challenges Indonesia is facing : 

1. Rice self-sufficiency that has been achieved in 1984 by the green revolution was gone 

in 1993. To fulfil the national demand for rice, the country is then compelled to import 

rice up to 2 million tons a year (this year it inflates to 3.1 million tons. 
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2. Rice yield of existing sawahs with the application of pre-and post harvest technology 

which are within the economic and technical reach of the average farmer is beginning 

to levelling off, so that the perspective of agronomic intensification is limited. 

3. The best sawah lands in Java are gradually lost due to conversion into non-agricultural 

use. The rate of loss has been estimated at 15,000 – 20,000 ha a year (Notohadiprawiro, 

1995). 

4. To build irrigation infrastructures and to prepare sawah plots in upland areas by 

conventional techniques need big investment. 

5. Farmers consider rice cultivation much less attractive in terms of profit making than 

the cultivation of other crops, notably horticultural crops, it should be note that the 

domestic trade of rice is rigidly  controlled by the government. 

The idea of launching the mega-project stemmed from an ad hoc, reactive approach 

so characteristic of Indonesia’s basic policy of national development (Subandi, 1992). 

The ideas behind the mega-project are : 

1. To substitute for the agricultural land loss in Java in such a size so that at the same time 

may produce rice enough to substitute  for the import of 2 million tons a year. 

2. To save expenditure on irrigation infrastructures the choice is on wetlands (peatlands) 

where the needed water is already present in place. 

3. The choice falls on Central Kalimantan bay reason of : 

a. land is still obtainable extensively so that it will not pose any special problem for 

procurement. 

b. most of the land lays still idle so where will be no problem of conversation of use. 

c. the region is sparsely inhabited making it ideal for transmigration. 

The ideas generating the mega-project show number of serous flaws. Although the 

region doesn’t bring forth common agricultural products, it yields natural products  like 

timber, rattan and fish important to sustain the livelihood of the indigenous inhabitants. 

Wetlands perform significant environment functions, which cannot be apprehended by 

untrained mind. A Java-centric thinking of land idleness and emptiness must not be applied 

on regions such as Kalimantan where the physical condition and social situation are quite 

different than Java. 
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Mega-Project Site Description 

The total area of the mega-project is 1,457, 100 ha located in the province of 

Central Kalimantan. The site borders to the west on the River Sebangau, to the north on the 

main road connecting the provincial capital city of Palangkaraya on the River Kahayan and 

the trading town of Buntok on the River Barito, to the east on the river chain Barito-

Kapuas Murung-Kapuas and to the south on the Java Sea. The major drainage system of 

the site consists from west to east of the rivers Sebangau, Kahayan, Kapuas, Kapuas 

Murung, Mangkatip and Barito. Kapuas Murung is short river connecting the Barito and 

the Kapuas. Mangkatip is a tributary  of the Kapuas Murung. Unlike the other rivers, which 

have a normal catchment area in the upland region, the River Sebangau originates from a 

large upstream swamp of the wetland covered by floating masses of peat. 

The area is divided into five working allotments : A of 227,100 ha located between 

the Kapuas and Barito rivers, B of 161,480 ha between the Kahayan and the Kapuas rivers, 

C of 568,635 ha between the Sebangau and the Kahayan rivers, D of 162,278 ha between 

the Kahayan and the Kapuas rivers at the downstream side of B, and E of 337,607 ha 

between the Palangkaraya-Buntok main road and the Parent Primary Canal (PPC) 

connecting the Kahayan and the Barito and crossing the interflowing rivers of Kapuas and 

Mangkatip. 

The PPC was planned to function  as the key-controller of the hydrology of the 

entire project site. It is designed to control, directly of indirectly, the water flow in the 

lower category canals and to modify the water regime of the existing natural streams. The 

PPC is branched out into several Main Primary Canals (MPC). Some MPCs are made to 

modify the course of some rivers. MPCs are branching out into many Secondary Canals 

(SC). From the SCs on down the lower category channels are Tertiary  and Quaternary 

Channels (TC and QC) which form the on-farm channel system. 

The obvious impact of the canal system on the site hydrology is increasing the 

drainage density. At present the total length attained by the finished canals and channels is 

4,618 km consisting of 110 km PPC, 1,129 km MPCs, 964 km SCs, 900 km TCs and 1,515 

km QCs. The dimension of the PPC is 25 m surface width, 15 m bottom width and 6 m 

deep. The MPCs have the same dimensions except for the depth which is 5 m. The 

measurements in the order surface width-depth of SCs, TCs and QCs are respectively 15-

10-3 m, 6-4-3 m, and 4-4-3 m. The erroneous reasoning behind the design and alignment 

of the canals/channels are the fundamental cause of the debacle of the mega-project. 
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Physiographically 24% of Central Kalimantan or 36,716 sq.km is wetlands and 

lowlands of which coastal plains make up 812 sq.km, tidal swamps 1,027 sq.km, alluvial 

plains 12,392 sq.km and peat  swamps 22,485 sq.km (RePPProT, 1985). The peat swamps 

(the total of all peat soils) occupied by the mega-project are 9,191 sq.km which is 41% of 

the total existing peats swamps in Central Kalimantan. 

The soil composition can be roughly described to consist of : 

1. Fine textured mineral soil with a histic epipedon of less than 40 cm thick. They cover 

466,250 ha or 32 % of the total area of the site. The soil are classified as sulfaquents, 

fluvaquents, tropaquepts, dystropepts and hapludults. 

2. Thin peat soils with a peat layer of 40-130 cm. They cover 225,750 ha or 15.5 % of the 

site, consisting of sulfihemist, tropohemist and troposaprist. 

3. Medium peat soil with a peat layer of 130-300 cm. They cover 269,620 ha or 18.5 % 

of the project area. The soils are classified as tropohemists and troposaprists. 

4. Deep peat soils with a peat layer of 300-1,200 cm covering 423,690 ha or 29.1 % of 

the site. They consist of troppohemists and tropposaprist. 

5. Coarse textured mineral soils (quartz sand) covering 71,751 ha or 4.9 % of the site. 

They are classified as quartzipsamments. 

Sulfaquents and sulfihemists pose a serious problem of potential development of 

extreme acidity of soil and soil-associated water owing to a defective water regime 

regulation causing air to enter the existing pyritic layer. This has happened in many places 

due to ill-designed and ill-aligned canal/channels. Besides, hemists in general are poor 

media for plant grow because of their high fiber content (low effective root contact). Deep 

peat soils and the deeper members of medium peat soils are physically and chemically 

unsuitable for agriculture. In Indonesia they are commonly ombrogenous, thus poor in 

nutrients. They should be conserved from water storage and regulation. Hemists saprists 

have a water storage capacity of mote than four times own weight. Quartzipsamments are 

worthless soils for agriculture and make the side unfit for habitation. The prospective soils 

to sustain useful biomass production remain the fluvaquents, tropofluvents, tropaquepts 

and hapludults. The latter may be used better for perennials with artificial drainage if 

needed. With good water and nutrient management dystropepts can still be used 

profitability. 
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The performance of the Mega-Project 

As stated preivously about the soil quality it can be said roughly that at the most 

only 46 % of  the area is prospective for agricultural use and habitation, provided that soil 

and water conservation for reclamation and subsequently for amelioration are strictly 

observed. The prospective parts are found scattered mostly not far along the main rivers. 

Thus situation calls imperatively for a retreat of activities from the interior of interfluves. 

Except working site E, all the others are already completed with MPCs and some 

also with SCs. Only a small part of  slightly less than 50,000 ha has been fully equipped 

with water controlling devices and already settled by 13,500 families of local people and 

transmigrants. In its first three year of operation it is evident that the project is very slow in 

achievement. Only about 3% of the whole physical plan have entered the final stage. 

Many constraints have to be faced even up to now. Some of the constraints are 

internal or what may be called “self-inflicted” and some other stem from unforeseen field 

situations. The internal constraints are the consequences of ignorance of good planning and 

of the optimizing principles of land development. 

The sources of internal constraints are many, among others : 

1. The project was hastily executed, no time for preparing a well constructed database and 

for collecting the required base-line data on soils, hydrotopography and  environment. 

Canals were aligned and excavated without factual knowledge about the area. 

2. The core-planners were strongly convinced of wetlands and peatlands being just 

another kind of land so that what applies to uplands should equally be applicable to 

wetlands and peatlands as well. Being expert irrigation engineers they designed water 

management to consist only of the two conventional components of irrigation (water 

supply) and drainage (water disposal) operated by gravity. They were not aware of 

reclamation and ameliorative functions of water management on soil and water itself 

(quality control) which are of the most important in wetlands and peatlands. 

3. The PPS and the MPCs are plotted to perform an additional function of water reservoir 

supplying water to the lower category channels. The water kept in the lower category  

channels is meant to maintain the groundwater and the soil moisture in balance all year 

round by influent seepage during the dry season and by effluent seepage during the wet 

season. For this purpose water movement in the channel has to be slowed down by 

setting a series of watergates across the channels. 
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Because of the poor planning and inconsistent working, hazardous conditions 

become prevalent. 

1. On its path the PPC crossed a large, very thick peat dome with the result: 

a. During its construction four excavator sank in to the dome so that the work cannot 

be continued. 

b. The PPC was planned to supply fresh river water to flush out the low quality peat 

water. In fact it function reversely as the land is sloping down to the river. It drains 

the peat water rather than renews it. If the construction of the PPC was not 

discontinued it will lead to peat over-draining 

2. To utilize gravity for water distribution, all MPCs were aligned along the length og the 

middle part of interfluves. This design was chose after experience obtained in uplands 

where interfluves are normally convex in form acting as water divides. In wetlands, 

however, interfluves may have a concave cross-section fringed by higher contours of 

the natural levees of the rivers. In such a case the lower, middle section of interfluves 

in called backswamps. Such a morphology makes lateral water distribution by gravity 

impossible. The reverse is true, that is draining water out of backswamps. Furthermore, 

the gradient of the terrain of all direction is quite small so that the gravity force is in 

fact insufficient to move water at a reasonable speed. 

3. Canal/channel depth is determined uniformly for each class category purely on 

engineering grounds. On stretches where the depth of the canal/channel is such as to 

cause the water level in it stands at all time or at most of the   time : 

a. Below the average  groundwater level, effluent seepage is apt to occur and land 

drainage will prevail. 

b. Below the peat surface, peat desiccation comes into effect and peat decomposition 

will be accelerated resulting in : 

- peat disintegration into small particles making it susceptible to water and wind 

erosion. 

- the change in the hydraulic property of peat becomes irreversibly hydrophobic. 

- prone to fire. 

- increased acidity if the peat contains enough sulphidic (pyritic) material that 

becomes oxidized yielding sulphuric acid (the problem of sulfihemists). 
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- accelerated peat subsidence the problem of hemists and saprists); subsidence is 

not restricted to peat, but occurs also, although in a lesser degree, in unripe 

hydric mineral soils (aquents, fluvents and aquepts). 

c. Below the surface of a pyrite layer, exposing the pyrite to air when it becomes 

oxidized producing jarosite (a dull yellow coloured mineral)  and sulphuric acid. 

The sulphuric acid makes the soil and it associated water extremely acid. The pH 

may drop to less than 2.5. In several places channel water of pH 1.4-1.7 and soil of 

pH 2.6-3.0 have been measured in the dry season (the problem of sulfaquents). 

4. The water in the canal/channels which is flowing slowly, in some stretches even more 

or less stagnant, due to the small terrain gradient or made artificially by watergates, 

cannot be expected to operating acid flushing and water renewal as planned. On the 

contrary, it tends accumulating acid through effluent seepage and runoff (organic acids 

from peat decomposition and sulphuric acid from pyrite oxidation). In fact, in many 

places the canal/impact is on fish in streams and creecks. The fish population which 

previously wash high and species rich is now declining sharply. Fish catching formerly 

was a lucrative business of the local people. 

5. The impact is not limited to the project area, but spreads out over the surrounding 

areas. There was a complaint that for the first time in its existence that town water 

supply of the district capital city  of Kuala Kapuas tested definitely sour. The last year 

incidence of smoke causing terrible havoc for months including in the neighbouring 

countries of Singapore and Malaysia  has demonstrated clearly how faulty activities  

may export severe damage. 

The extreme drought which incited peat and  forest fires was not solely the effect  

of the El Nino as commonly acclaimed. It was in fact intensified by the overdraining of 

Kalimantan’s wetlands. Land subsidence is an important factor of disturbing drainage. 

Drainage may proceed out of control due to unpredictable changes in  terrain relief effected 

by the initial drainage applied on soils of different subsiding potential. A drainage  scheme 

which  was adapted to the initial relief will successively become less and less functional 

which the change controlled drainage will easily lead to overdraining.Such a problem is 

frequently encountered in wetlands, especially in peatlands the matter  becomes several 

when one and the same drains scheme is applied on an extensive area altogether where big 

soil differences are apt to occur. Such is the case with the mega -project.  
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What make the situation worse is that a very large proportion of the mega-project 

area was taken from lands of Forest Concession Right (Hak Pengusahaan Hutan (HPH)) 

usual they are interested only in how to make profit as big and as quickly as possible. The 

result is land left entirely bare, denuded of tress or at best still covered by shrub growth or 

scattered secondary stands of tress. The most dominant secondary growth tress in severely 

damaged forest are galam (Melaleuca leucadendra) as they are prime survivors of forest 

fires and highly resistant to acid condition of soil and water. When the mega-project came 

in, the ecosystem in many part was already in the process of decay. The mega-project helps 

pushing the process.  

 

The Fate of the Mega Project 

Considering the wide-spread, strong discontentment among academics and NGOs 

with the mega-project, the State Minister/Head of the National Development Planning 

Agency (BAPPENAS) in his capacity as chairman of the Mega-Project Steering 

Committee issued on September 16, 1998 a letter of nomination of an Expert Team. The 

team composed entirely of  university scientists, in whom I am one of the members, is 

given the mandate of re-evaluation of the Mega-project (background, initial concept and 

planning, execution, etc). 

The most resent finds of Institute Pertanian Bogor (IPB, Bogor Agricultural 

Institute) and Universitas Gadjah Mada (UGM: Gadjah Mada University) in some parts of 

the working site A i.e. Dadahup, Lamunti, and Palangkau can be summed up as follows: 

01. The areas of Dadahup, Lamunti, and Palangkau have relatively the best agricultural 

prospect. Even so most of the land are only marginally suitable for annual food crops 

like upland rice, corn, soybean, and peanut. The soil response to fertilizers and lime is 

weak. Among the entire area of A of 227,100 ha, 120,008 ha or 53% can be 

considered suitable for food crops. 

02. For perennial crops like coconut and oil palm the land is permanently unsuitable 

(cannot be improved by cultural measures) due to shallow pyritic layer. 

03 Eighty percent of the land area is positioned higher than river water alevation so that 

all the constructed canals/channels cannot function to supply irrigation water by 

gravity as planned. If the area should produce crop, irrigation pumps have to be 

installated which is economical, or the gravity irrigation system has to be changed into 

rainfed system which consequently reduces the cropping intensity. 
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04 The makro water management system (off-farm system) is in fact functioning more 

for flood control and acid water leaching. However, it still false short of assuring a 

good water circulation for the effective dilution of acid water and for the protection of 

the land from floods. The intended use of the Bariyo and Kapuas waters for 

neutralizing acids formed in soil from pyrite oxidation  and decomposition of peat in 

fact cannot be accomplished. 

05 The are clear indication of co existence of soil nutrient leaching with acid water 

removal. It become obvious than land reclamation by drainage opposes the objective 

of soil improvement. The increase in channel density escalated the deterioration of the 

land hydrology and consequently the decline in soil fertility. 

06 Peat conservation, especially in catchment areas (hydrology commanding areas), for 

water reserve maintenance is never been part of the water regulation design. 

07 The soil are very hetrogeneous at short distance, their reaction to treatment is therefore 

diverse, and their influence upon water chemistry is consequently very variable. A 

single land management scheme cannot  be applied for the whole area. 

08 A long-term observation is required to obtain a reprensentative picture of the cyclic 

behaviour of the hidrometeorology of the area and the hydraulic phenomena at the 

soil-water interface. The entire database used in the processing of the Mega-Project 

was therefore wrong as it was constructed on very short-term estimations. This is 

evident from the great variations in the measured values during the time interval of the 

present study. 

09 The major constraints for the development are flooding by the heavy rains, drought 

during the dry monsoon and mice-pest. The latter is quite serious and up to now no fit 

solution has been found. 

10 The human health aspect is never taken into consideration when designing water 

management schemes. All surface waters turn into a highly unsuitable state for 

domestic use. Water-borne diseases are beginning to show up. The outbreak of 

stomach and skin disorders may become serious. 

(Fakultas Pertanian UGM, 1997; Pusat Pengkajian Lahan Basah IPB, 1998; Pusat Study 

Sumberdaya Lahan UGM, 1998a, 1998b, 1999). 

Based on reviewing the chronicle of the Mega-Project and substantiated by 

previous and recent finds about the Project performance, and thoroughly checked by field 
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visits, The Expert Team- now known as Expert Team of Integrated Wetland Development 

comes to the conclusion that: 

1. The Mega-Project in its original form must be terminated. The presidential Decrees of 

82/1995, 83/1995, and 74/1998 must be abolished. 

2. The imposition of dryland development models upon wetland realities is a major 

determinant of the collapse of the Mega-Project. When these simplistic and distorted 

views shape development planning, they contribute largely to the downward spiral in 

which the wetland ecosystem is now caught. Unless the current downward spiral can be 

reversed, the future perpetuity of Indonesia’s wetlands is at serious risk. 

3. The reversal of the spiral calls for reform of the powerful underlying structures of 

knowledge, political power, social organization, and economy that control the direction 

of resources development. The pragmatic thinking that shapes reactive, and hoc 

development models must be challenged and replace it with new approaches based on 

optimizing concept through critical observation and analysis, 

4. Activities in all working sites, except in parts where people have already been settled, 

have to be stopped and the land rehabilitated to its previous, natural ecofunction. 

5. Settlements in working site A, although inadvertently placed by the Mega-Project, 

must be saved as they concern the life of human beings. They involve 13,500 families 

inhabiting some 30,000 ha of land. The salvation plan consists of consecutive stages of 

rescue, survival, consolidation, and development. 

6. In the working sites B, C, and D rehabilitation is restricted to old transmigration 

settlements established in the 1970s under previous project called Proyek 

Pengembangan Persawahan Pasang Surut (P4S; Tidal Rice Paddy Development 

Project). Because of poor planning and execution of water control and soil productivity 

maintenance, most farming activities are slackening. In addition, the canalwork of the 

Mega-project has caused severe damage to the old canal/channel systems. The 

restitution of livelihood and the land’s agricultural potential stand to refunction the old 

channels in order to reactive farming. The problem farms cover an area of 80,000 ha, 

including traditional farm lands and swamp lands for fish catching of the indigenous 

people. 

7. Wetlands must never be developed separately from the whole hydrological regime 

where they belong to, extending from upstream catchment zone to the founded on a 

holistic concept forming a comprehensive, optimizing approach toward a wise, 
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sustainable use by which economical and ecological goals can be obtained 

complementary. Thus wetlands must be seen as an integral part of the whole 

hydrological regime. 
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