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ry 

The Berbak Game Reserve is located on the east coast of Sumatra, in the 

Jambi province in the Republic of Indonesia. The reserve was established 

in 1935 and is appr. 190 000 ha in acreage. It is at present the largest 

peat swamp reserve of the whole Pacific region. The fieldwork for the 

present study in this reserve was carried out from April to November 

1983. Because of logistical problems, the survey had by and large to be 

limites to the eastern part of the reserve. The main findings were: 

Soils: Berbak is part of the vast alluvial coastal plain of East Sumatra. 

The age of this alluvial plain has been assumed to be some 5000 years. 

The plain was formed under stable sea level conditions. Evidence has been 

found for a relative sea level drop of about two metres since 5000 BP. 

Sediments for the accreting coastal system are supplied by the Batang 

Hari river, with its catchment areas in the Barisan mountain chain. On 

the highly weathered sediments extensive peats were formed. The age of 

these peats (at least 10 meter in depth) is about 4500 years (C ). Since 
14 

1965, large scale reclamation by spontaneous migrants from South Sulawesi 

is taking place along the coast. As a result of drainage with canals 

(parits) the shallow to moderate deep peat oxidized and at some places 

even disappeared entirely. In the mineral (marine) clayey soils under the 

peatlayer low to moderate amounts of pyrite were found. Severe 

acidification of the soil has been found, probably the result of too deep 

drainage. Such soils are acid sulphate soils and were classified as 

Sulfaquepts or sulfic Tropaquepts. 

Vegetation: The main vegetation types of Berbak are freshwater-swamp 

forest (60 000 ha) and peat swamp forest (110 00 ha). The freshwater-

swamp forest occurs along the rivers, on fluviatile deposits and is 

normally inundated for a large part of the year. The species richness is 

low varying from 25 to 40 species per sample plot of 0.2 ha. In this 

forest type, a distinct stratum could be observed, formed by Alstonia 

pneumatophora, a high growing species (upto 55 meter) contributing some 
2 -1 

50% to the Basal area (B.A.) of 30-50 m .ha . 

The peat-swamp forest occurs on deep peat at a distance of at least 3 km 

from the rivers and coast. No evidence was found for the occurrence of a 

'padang forest', as discribed by Anderson (1964) for the Riau province. 

The height of this forest type in Berbak on deep peat was somewhat less 

(upto 35 meter) than the freshwater-swamp forest. Clear floristic 



differences between the two types were noticed and documented. Along the 

coast, patches of mangrove forest still remain after the reclamation-

work. The present area of about 2000 ha is however only 10% of the former 

mangrove fringe of Berbak. This forest type consists of only a few 

species. 

Fauna: Berbak, with its relatively unspoiled wetland habitats, is rich in 

wildlife, including species such as tiger (Panthera tigris), tapir 

(Tapirus indicus) and two crocodile species (Tomistoma schlegeli, 

Crocodilus porosus). It has a rich primates population, with species such 

as Hylobatis agilis and Symphalangus syndactylus. No evidence was 

observed of the presence of the Rhino species, mentioned for the area in 

the literature. However, no extensive mammal survey in the remote western 

part of the reserve has yet been carried out. The avifauna of Berbak is 

very rich with 224 species sofar recorded belonging to 49 families. All 

kingfisher species Alcedinidae, known for Sumatra, occur and from the 

Hornbills Bucerotidae, at least nine of Sumatra's ten species are 

present. During the migrating periods, many eastern palaeartic waders can 

be observed on the mudflats along the coast. 

Nature conservation: Inspite of its status of Game reserve, six Buginese 

villages are located within the reserve, occupying 16 700 ha of the 

reserve's coastal area. The main landuse is the cultivation of rice and 

coconut. Reports on crops showed rather stable yields of about 3 ton 

hulled rice per year per hectare. However, due to several environmental 

constraints, more and more farmers tend to change from agriculture to 

off-shore fishery. Especially shrimps fishing is economically very 

rewarding. Nevertheless, it is highly questionable whether this fishing 

intensity can be maintained in the long term, without backsliding into 

overfishing. 

Recommendations 

In order to protect the ecological value of the Berbak reserve, it is 

recommended to set and legalise the reserve boundaries. The following 

aspects have to be regarded: 

- forest concessions, located within the reserve boundaries have to be 

cancelled 

- it is advisable to enlarge the reserve to the north and to the south­

west 
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- for the boundary setting in the coastal area, three different options 

are discussed 

The Berbak reserve should retain its status as game reserve (Suaka 

Margasatwa). The reserve has been selected as a MAB, man and biosphere 

reserve. It is recommended to implement this status. 

As soon as Indmesia will join and ratify the Ramsar Convention 

(Convention on wetlands of International importance especially as water­

fowl habitat) the Berbak reserve should be put on the World list of 

wetland reserves. 
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1 INTRODUCTION 

1.1 Background and ala of the study 

Nature conservation In Indonesia 

In the third 5-year development plan (Repelita 3, 1979-1984), the 

Indonesian government emphasized the importance of extending the number 

of conservation areas in Indonesia. This extension is necessary in order 

to protect tropical ecosystems. Management and conservation of such 

ecosystems, particularly the tropical rainforest, are of great value, not 

only for the threatened plant and animal species, but also for man with 

respect to soil and water conservation (Sumardja 1981). 

When new reserves are established, management plans for these areas 

are required. The body primarily in charge of the preparation of such 

plans is the Directorate General Perlindungan Hutan dan Pelastarian Alam 

(PHPA), Forest protection and Nature conservation. It is in this task 

assisted by projects carried out under FAO/UNDP and/or WWF/IUCN umbrella. 

Profound research on the nature and functioning of the reserves is needed 

for a better understanding of the problems in these areas. 

In 1982, Ir. R. de Wulf, FAO associate expert, made a management plan for 

the Berbak reserve. This management plan was the starting point for the 

research reported hereafter. 

The aims of the present study were: 

1. to widen the knowledge on the natural environment of the reserve by 

studying soils, vegetation and fauna with special attention for the 

soil - vegetation relations. 

2. to describe and analyse human activities inside the reserve 

(concentrated upon the coastal settlements) with special reference to 

the impact of these activities on the functioning of the reserve. 
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1.2 Execution of the study 

The study was carried out in 1983, from February to November. 

Before we started with the fieldwork we studied aerial photographs (scale 

1:100 000) of the study area. The quality of the photos did not allow the 

preparation of a detailed photo interpretation map. Such map was to be 

used to compile the soil and vegetation map after the fieldwork. It was 

however difficult to distinguish vegetation types. We nevertheless, 

prepared and used a sketch map for orientation in the field and for 

selecting the sites for soil and vegetation research. 

In the first period of fieldwork (April-June), we tried to carry out a 

preliminary reconnaissance survey of the soils and vegetation of Berbak. 

The easiest way to enter the reserve was by boat. We could reach the main 

river (S. Air Hitam Laut, Figure 1) up to Simpang Kubu, some 15 km linea 

recta inland from the coast. We also visited the southern part of the 

reserve by entering the S. Sungai Benu. Reaching the western part of the 

reserve was not possible, so we had to restrict our later studies to the 

eastern part of the reserve. In the first period we also collected data 

on nature conservation. 

After the reconnaissance, we selected some transects for a more 

detailed soil and vegetation survey. This survey was carried out in a 

second period of fieldwork (September-November). We got assistance in the 

field by Ir. H. van Reuler (UNESCO, Jakarta) and Ir. W.H. Diemont 

(Research Institute for Nature Management, RIN, The Netherlands). Diemont 

studied the relationship between the physiography of the coast and the 

formation of pyrite (FeS ) in the sediments. Five vegetation plots in the 

freshwater swamp and peat-swamp forest were studied in detail while in 

addition attention was given to the mangrove forests and collection 

concerning nature conservation and fauna. The research methods are 

described in more detail in the chapters concerned. 

1.3 Scope and content of the report 

This report is based on the field data, and literature research. After 

the introduction, a general description of the Berbak reserve is given 

(Chapter 2), including details on its accessibility and climate. 

In Chapter 3 we discuss the geomorphology and soils. After discussing 

the genesis and morphology of the coastal plain of East Sumatra, the 

coastal system and the soils of Berbak are described. The latter part is 

largely based on own field data. 
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The Chapter on vegetation (4) mainly deals with the description of five 

vegetation plots in freshwater-swamp forest and peat-swamp forest, and a 

transect studied in the mangrove forest. Time did not allow a profound 

literature study for this part of the research. 

Data on fauna (Chapter 5) are restricted to annotated species lists of 

mammals, birds, reptiles, amphibians, and insects. For some important 

animal species more detailed information is given. 

A considerable part of the report is devoted to the human activities 

within the reserve (Chapter 6). We describe the different kinds of 

landuse in the coastal villages and the socialeconomic developments in 

the settlements. 

The conservation values of the reserve are described in Chapter 7 

together with the organization of the reserve management by PHPA. 

In Chapter 8, some tentative management options are presented regarding 

the reclaimed coastal area. Furthermore we discuss the present legal 

status and boundaries of Berbak as a game reserve. 

In the final Chapter, some recommendations are given on for future 

research work in relation to the reserves functioning as a reserve, at 

present and in the future. 
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2 GENERAL DESCRIPTION OF THE STUDY AREA 

2.1 Location 

The Berbak Game Reserve is situated on the eastcoast of Sumatra, in the 

Jambi province. In the south it borders the province of South Sumatra. 

The boundary is the Sungai Benu. In the east, it follows the coastline of 

the South China Sea. The northern and western boundaries are not formed 

by physical features, running partly along reclaimed agricultural land 

(in the north) and partly through still undisturbed forest (in the west) 

(Figure 1). 

The whole reserve is part of the Kecamatan Nipah Panjang in the 

Tanjung Jabung Kabupaten. The Kebupaten administrative headquarters is 

located in Kuala Tungkal, at about 100 km distance (linia recta) of the 

reserve. The Berbak Reserve covers an area of 190,000 ha. It is the 

fourth largest conservation area in Sumatra (Appendix 1) (see note 1). 

2.2 History of establishment 

The initiative to establish a large reserve along the eastcoast of 

Sumatra, was taken by the "Nederlandsche-Indische Vereeniging voor 

Natuurbescherming" (Netherlands Indies Society for Nature Conservation). 

The first proposal of the Society was focussed on the active protection 

of the fauna and the typical flora of the swamp forests. Initially, the 

reserve was planned in the Lalang area In the Palembang residence, but 

later on the uninhabited Berbak area in the neighbouring residence of 

Jambi was selected (Endert 1936). On 29 October 1935 the Berbak area was 

given the status of "wildreservaat" (Game Reserve), by a decree of the 

Governor-General of the Netherlands-Indian government. The boundaries 

were slightly different from the present situation. 

2.3 Physiography 

Berbak forms a part of the vast coastal plain of Sumatra. Once it 

consisted of a continuum of infinite mangrove forest, backed by extensive 

swamp forests at regular distance intersected by huge sluggish rivers 

(Appendix 2). 

At present Berbak forms the only example of peat and freshwater-swamp 

forest, to this extent, sofar included in a reserve. Berbak's most 

important river is the Air Hitam Laut, which originate just outside the 

reserve. 

Several little creeks wind in the mangrove forest where they flow 
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through the sand and clay banks along the coast. The reserve is nearly 

entirely flat (Figure 5). Along the coast and the rivers, at some places 

levees (pematangs) occur, only a few metres higher than the surrounding 

grounds and hardly remarkable. 

The Berbak Reserve is of high conservation value. It still is a 

relatively undisturbed swamp forest. Many of the Sumatran large mammals 

can be found such as tiger (Panthera tigris), tapir (Tapirus indicus) and 

some of the typical low-land forest reptiles: the estuarine crocodile 

(Crocodilus porosus) and false gavial (Tomistoma schlegeli). The rich 

avifauna includes many rare species like hornbills (Bucerotidae). Along 

the coast, the tidal mudflats and mangrove forest are important as a 

resting place and feeding ground for thousands of migrating eastern 

palaearctic waders. 

At present, a major part of the coastal area of the reserve has been 

reclaimed by Buginese people for the cultivation of rice and coconut. The 

population inside the reserve numbers about 6 000 people. 

2.4 Accessibility 

Access to the reserve is rather difficult and time-consuming. The poor 

infrastructure is a major problem along the whole coastal plain of 

southeast Sumatra (Hanson & Koesoebiono 1979). 

The best way to go from the Reserve Head Quarters Nipah Panjang to desa 

Air Hitam Laut, which is the main entrance to the reserve, is by motor 

boat. This is a 5-hour trip, but during the strong December and January 

wind travel time may double (Figure 1). 

roads 

An overland connection for pedestrians and (motor)cycles along the shore 

is possible, between desa Air Hitam and desa Bako Tuo, but only during 

low tide. From desa Bako Tuo on, there is an unpaved raised clayey road 

to desa Sungai Lokan and desa Simpang Datuk. From these places to Nipah 

Panjang there are daily transports by ferries. 

There are some well maintained footpaths between the coastal villages 

(Figure 1). A path through a virgin peat forest, in between desa Labuan 

Pering and desa Cemara, has been overgrown. 
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Navigable rivers 

1. Sungai Air Hitam Laut 

The S. Air Hitam Laut is moderately deep, 15 m at its mouth, 

and can be entered by 30 ton boats, upto its tributary S. Kubu, 

after some 33 km (15 km linea recta from the coast). Further up the 

stream, the river is overgrown by the Batung weed (Susum 

anthelminthicum). The S. Simpang Malakka is for some 10 km the only 

navigable tributary by means of "perahus" (dug-outs). During the dry 

season, it may be already blocked at the place of conjunction with the 

S. Air Hitam Laut. Also during low tide, when the water level is some 

1.5 m lower, boating is difficult, due to the remains of fallen trees, 

just underneath the water surface. 

2. Sungai Benu 

The navigability of the S. Benu is about the same as the S. Air 

Hitam Laut, but the river is somewhat shallower (5-10 m). Mats of 

the Bakung weed (Susum anthelminthicum) block the river after some 25 

km (15 km linea recta). The tributary S. Simpang Kanan can be 

navigated by means of dug-outs. 

3. Sungai Air Hitam Dalam 

This small river is the best access for reaching the western inland 

boundary, and is at least navigable upto its tributary S. Simpang 

Batu Pahat (Figure 1). 

In general, in the wet season, accessibility on the river is better, 

even in parts more up the stream. Due to a considerable increased 

water level, the Bakung weed will detach. 

Only during high tide it is possible to travel by little boats 

from desa Air Hitam to desa Cemara and Labuan Pering. 

2.5 Climate 

The climate of Sumatra's east coast is largely affected by the Barisan 

mountain chain in the west, resulting in a somewhat dryer climate type. 

According to Oldeman (1979), the Berbak climate can be classified as the 

C -type, which means: 5-6 months with more than 200 mm rainfall per month 

and less than 2 months with 100 mm per month, which are considered as dry 

months. This C-type occurs in 15% of Sumatra (Oldeman 1978) (Figure 2). 

Following the Koppen classification, Berbak lies in an Afa area, 
o 

having a tropical rain forest climate, a temperature >18 c in the coldest 
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Figure 2 Agroclimatic map of Sumatra. Source: Oldeman (1978), 

month, a precipitation of more than 60 mm in each month, and a 
o 

temperature >22 C in the warmest month (Koppen 1931). Between November 

and February, northwestern currents bring humid air towards the east 

coast of Sumatra (Figure 3). 

From April to October-November, the coast is under influence of a 

relatively dry south-easterly air stream originating in Australia (Figure 

4) (Oldeman 1982). 



-9-

rainfall 

Data about the last 30 years from the meteorological station near Jambi, 

90 km straight from Air Hitam, show an average annual rainfall of 2300 

mm. This amount is rather low compared to Jambi's mountain area Kerinci, 

where rainfall figures of 4000 mm per year are recorded (Berlage 1949). 

Rainfall in the dry season is rather variable (Hanson & Koesoebiono 

1979). Periods up to ninety days without rain have been observed. 

Extremely dry years occur once per 3-6 years (IUCN Press Services 1984). 

In 1981 and 1982, the Pacific region has suffered one of the severest 

droughts on record, as a result of the ocean current "El Nino" (Merle 

1984). In cycles of about 80 years, and in a mild form every 3-6 years, 

this current repeatedly cast veils of unusually warm water, across the 

Pacific's surface, disrupting normal weather patterns (IUCN Press Service 

1984). Rainfall figures in the Berbak reserve have been recorded since 

1980. For 1981, 1982 and 1983 the annual rainfall is 2082; 1877 and 

2313 mm respectively (Appendix 3). However, spatial variation in rainfall 

can be very substantial. 

notes chapter 1 

(1) large conservation areas in Sumatra (FAO 1981) 

name location commissioned acreage 

1. N.P. Kerinci 

2. N.P. Gunung Leuser 

3. N.P. Sumatra Selatan 

4. S.M. Berbak 

5. S.M. Way Kambas 

W-Sumatra, Jambi 

Bengkulu, S-Sumatra 

Aceh, N-Sumatra 

Lampung, Bengkulu 

Jambi 

Lampung 

1984 

1981 

1981 

1935 

1937 

1.600.000 

946.400 

356.800 

190.000 

123.500 

N.P. = National Park 

S.M. = Game Reserve (Suaka Margasatwa) 
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3 GEOMORPHOLOGY AND SOILS 

3.1 State of knowledge and objectives 

Berbak is part of the vast alluvial coastal plain of East Sumatra. About 

1/4 of Sumatra is occupied by this alluvial plain, mainly consisting of 

coastal swamp land. 

The formation of the coastal plain is strongly influenced by relative sea 

level changes. In the Sunda region the sea level during Pleistocene times 

was about 75-100 m lower than the present level. After the last glacial, 

some 18,000 years ago, the sea level began to rise as a result of the 

melting land ice. The sea gradually rose and reached its highest level 

about 5000 BC. The sea level at that time was about 5 m higher than the 

present level (de Klerk 1983; van Tuyn 1932). 

Several authors (Tjia 1970; van Heurn 1923; van Tuyn 1932; de Klerk 

1983) presume a recent uplift of the land in the Sunda region. 

After the stabilization of the sea level (5000 years BC), the lateral 

accretion of the coastal plain increased. It is presumed that from that 

time the alluvial plain of East Sumatra has been formed. According to 

Verstappen (1973) the age of the alluvial plain is 2000-5000 years. 

In Jambi province, the Batang Hari is and was the main river which 

supplies the sediments. These sediments originate as weathering products 

from the hinterland, the Barisan mountain chain,stretching in 

northwest-southeast direction, at the western part of Sumatra. The rapid 

weathering causes a high silt content of the river water and the 

accretion of the alluvial plain. However, most of the material is 

weathered so intensely that mainly clayey particles remain (Verstappen 

1973). 

Lateral accretion can be very rapid. Data based on old maps give a 
-1 

long-turn average of 100 m.year for the area near Palembang. More 

recent measurements, comparing the coastline of 1969 with 1975, show an 

average accretion of 20 m.year , with 30 m/year as a maximum (Obdeyn 

1941). 

The two main rivers in the reserve are the S. Air Hi tam Laut and the 

Sungai Benu (Figure 5). They catch their water from the extensive peats 

of East Jambi. Both rivers have their origin just outside the reserve, at 

an elevation of about 20 m above sea level. Between these two rivers a 

few small rivers flow into the South China sea. They are tidal creeks 

(e.g. S. Cemara) and are restricted to the mangrove area. At some places 
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the coastal area is also drained by "parits", drainage canals made by the 

Buginese people. The reserve consists of lowland with a highest elevation 

of 15 m, in the southwestern part of the reserve. 

The area is subject to tidal influences. The spring tidal range along 

the southeast coast of Sumatra is about 3 m. Tides along the east coast 

are diurnal during spring tides and mixed during neap tide (U.N. 1978). 

Tides have been recorded in the last 3 years near Berbak in Nipah 

Panjang. The spring tidal range is 3.5 m. Incidental records available 

from PHPA officers in desa Air Hitam Laut indicate a same range near the 

mouth of S. Air Hitam Laut. At a distance of about 10 km (linea recta) 

from the coast the maximum tidal range is about 1 m. 

The objective of this chapter is to present and discuss the collected 

data on sedimentation, peat development and soils of Berbak. A more 

detailed report, including information on swamps in West Malaysierin be 
i 

published by Diemont & Van Reuler (in press). 

Methods 

As boring equipment we used three types of augers, depending on the soil 

types. For the ripe clays and sands we used the "Edelman" auger, for 

clays the gauge auger, and for soft muds and peats the special peat 

auger, produced by Eykelkamp BV, Lathum, The Netherlands. 

During the first period of fieldwork, the area was reconnoitred at 

random. At each boring site the following observations were madeo^cording 

to the FAO guidelines for soil profile descriptions: 

- soil description (of each horizon); 

- depth of the peat; 

- measurements of pH of soil water and chloride determinations; 

Along the transects the same information was gathered. One transect 

was made in the undisturbed forest, from the riverside of S. Air Hitam 

Laut to about 8 km from the river, where peat of about 10 ra occurs. This 

transect begins near S. Simpang Gadja (Appendix 6, no 40-47) and goes 

southward. Near desa Cemara, the soils were also studied more in detail. 

A transect was made along parit 1. The level of the soil surface is 

measured along this parit. Along both transects soil samples were taken. 

The following chemical and physical properties were measured: 

- P H (H
2°2> H20) 

- C (organic) and N (organic) 

- phosphate 
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, + + 2+ 2+ 3+ +x 

- exchangeable cations (Na , K , Ca + Mg , Al , H ) 

- pyrite (FeS ) 

- texture 

- moisture content 

For methods of soil analysis see Appendix 7. 

Some samples are carbon dated (C-14) in Groningen. 

3.2 Sedimentation and peat development 

In Berbak we found evidence for a recent relative drop of the sea level: 

1) Buried soils occur at a distance of 3 km from the present coastline > 

(Figure 6, transect Cemara). From this figure it can be seen that the 

sediments underneath the peat are deposited about 1 - 2 m above the 

present highest high water level (H.H.W.). 

2) Borings in the levee of the S. Air Hitam Laut (near soil site 40) 

reveal that vegetation started to grow at 2 m depth. The height of the 

levee is estimated + 5 m above the present sea level. This means that 

the sea level has at earlier times been + 3 m above the present level. 

3) A relict sandy beach ridge (soil sites no. 56, 57, 58) occurs at a ! 

distance of about 8 km inland from the present coastline. The base 'j 

of this beach ridge is several meters elevated above the present sea i 

level. 

The peat above the buried soils near Cemara (Figure 6) dates from 4500 

years ago. So, the sea level dropped about 2 m since that time. The age 

of the peat (2| km from the present coastline) also reveals that lateral 

accretion has been very slow in the last 4500 years. Or, more probably, 

periods of accretion were followed by periods of coastal erosion. 

At present, erosion takes place at some places along the coast, i.e. 

between Labuan Pering and Cemara. Here, the peat forest almost reaches 

the coast. Comparison of the topographical map of 1935 with the aerial 

photographs of 1976 reveals erosion. A farmer of Labuan Pering stated 

that, some 50 years ago, the coastline near S. Sungai Kapas (parit 8 

"kanan",see Figure 22) was about 1 km seaward from the present one. 

Mangrove forest has been eroded. He also mentioned that 200 m of land was I 

eroded since 1972. 

rffJ 
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Figure 6 Soil transect in desa Cemara. 

At other places (e.g. just south of S. Cemara) lateral accretion takes 

place. The mangrove tree species Avicennia intermedia colonizes bare 

mudflats. A zone of about 50 m fringing the bare mud is colonized by 

Avicennia intermedia of about 1-3 years old, indicating a lateral 

accretion of about 15 m/year. A sharp transition occurs towards a 200 m 

zone of Avicennia alba and Avicennia intermedia of about 10 m in height 

and an estimated age of about 8-10 year. This indicates a lateral 

accretion of about 20 m/year. Also the vertical silting up is fast. Stems 

of trees in the 10 years old Avicennia zone are buried by 40-60 cm fresh 

sediment, suggesting a vertical accumulation of 4-6 cm/year. 

The coastline of Berbak is rather straight: sandy beach ridges alter­

nate with mudflats. Behind the sandy beach ridges, more clayey backswamps 

occur, covered with mangrove vegetation. Southward from the mouth of the 

S. Air Hitam Laut a sandbank of some 10 km in length is stretched at a 

distance of about 200 m from the coast. Between S. Air Hitam Laut and S. 

)i/p 
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Benu are some tidal creeks, with a length of a few km, more or less 

perpendicular to the coastline. Some of these creeks have been filled up 

with peat or disappeared as a result of coastal erosion. 

The coastal system of Berbak can be classified as an accreting coast 

system according to the classification of Diemont & van Wijngaarden 

(1974). 

A large part of the study area consists of peat. It is generaly 

accepted that tropical peat can be formed in alluvial plains, during 

periods of a slowly rising sea level or a stable one. For the Sunda 

region it is presumed that the lowland peats started to grow about 

4000-5000 years ago, when the rising of the sea level slowed down. 

Some peat samples of Berbak have been dated (Table 1). These findings 

agree with C-14 datings in the literature. 

Table 1 C-14 determinations of peats in Berbak 

soil profile distance depth of sample age 

site to the sea the peat depth years BP 

nr. km m m 

82 

44 

48 

2 

7 

8 

+ 3 km 

+ 12 km 

+ 12 km 

3 

3 

+10 

3 

3 

7 

4575+90 

4780+55 

3015+50 

Remarkable is the old age of the peat 3 km from the coast. This could be 

an indication that the peat started to grow at about the same period over 

a large area. 

According to Driessen & Sudjadi (1981), the peat started to grow as 

topogenous peat. Organic matter accumulated under conditions of stagnant 

fresh water supplied by riverfloods. The acid nature of the sediments 

also hindered decomposing of organic matter. Vertical peat growth led to 

gradually drier conditions and less frequent flooding. The peats became 

rain dependent, ombrogenous peats. 

In Berbak deep peats, up to 10 m thick, occur at a distance of 7 km 

from S. Air Hitam Laut and 10 km from the coast. Measurements near boring 

44 show that the pH in these peats is about 5.0 in the topsoil, 

decreasing to about 2.8 in the subsoil. These data confirm that the peats 
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are entirely rainwater fed, ombrogenous peats. Another proof is the low 

amounts of CI in the peats. 

Polak (1933) was one of the first authors to describe the vast lowland 

peats of East Sumatra. She described the ;doom'Shape of the ombrogenous 

peats. For the peats in Berbak we also aslsumè) a doom)shape. 

Figure 7 shows a possible cross section of the Berbak peat. 

<? 

14 . meter + MSL 

S. AIR 
HITAM LAUT 

km to river 

Figure 7 Tentative cross section of the Berbak peat about 12 km inland 

In this figure we plotted the depth of the two samples from which C-14 

data are available. No. A has an age of 4780 + 55 years and no. B only 

3015 + 50 years. It appears that no. A in spite of less accumulation of / 

peat, is of an older age. These findings indicate that the peat has /" 7$./a > 

developed from the edge of the peat dome (with older peat) towards the \ic^:^^ttc>t 

centre of the dome. This is in contradiction with other theories , \ 

(Driessen & Sudjadi 1981; Andriesse 1974) about formation of these peat 
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domes, which suppose a development from the centre to the edge of the 

dome. 

3.3 Distribution and classification of soil types 

The soils of Berbak can be divided in mineral soil material (clays, ; 

sands) and organic materials (peats). The soil map (Appendix 4) shows the 

distribution of the different soil types. On this map, the soils are not 

defined according to the classification system of Soil Taxonomy (USDA 

1975). We used a rough type of classification, based on general features 

(riverine clays, marine clays, shallow and deep peats, sands). In the 

following we discuss the classification of the soils according to Soil 

Taxonomy. 

7' 

^e> 
Mineral soils 

The mineral soils occur along the coast and along the rivers. These soils 

are predominantly clays, from marine origin. There are some sandy soils, 

which occur along the coast as a beach ridge. 

According to the classification system of Soil Taxonomy, all mineral 

soils are Entisols or Inceptisols. Entisols are soils which show hardly 

any pedogenic horizon development. Young alluvial deposits belong to this 

order. The wet Entisoils form the suborder of the Aquents. In 2.3.2 we 

discussed the genesis of potentially acid sulphate soils and acid 

sulphate soils. Central to the classification of these soils are the 

sulfuric horizon and sulfidic materials. A sulfuric horizon is composed 

of mineral or organic soil material with a pH <3.5 and yellow jarosite 

mottles. Sulfidic materials are waterlogged mineral or organic soil 

materials with 0.75 percent or more sulfur, mostly in the form of 

sulfides (often pyrite: FeS ). A drawback of the definition of the 

sulfuric horizon is that yellow jarosite mottles are absent in some acid 

sulphate soils (van Breemen 1982). Van Breemen states that therefore 

another characteristic, pointing to sulfuric acid as the acidifying 

agent, should be used in combination with pH to define the sulfuric 

horizon. Data available indicate that the presence of at least 0.05% of 

water soluble SO is a better criterion than the presence of jarosite. He 

proposes the following definition: 

"A sulfuric horizon is composed of mineral, organic or mixed soil 

material, generally containing yellow jarosite mottles with hue 2.5Y or 

yellower and chroma 6 or more, that has a pH <3.5 and contains at least 
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0.05% water soluble sulfate." 

In practice, the pH criterion alone will be sufficient because very 

few soils with a pH (in water) below 3.5 were not affected by sulfuric 

acid. 

Potential acid sulphate soils must be classified as Sulfaquents, if 

sulfidic material occurs within 50 cm of the mineral soil surface. All 

marine clays in Berbak, still under tidal influence, are probably 

Sulfaquents. They occur near Cemara and at some other places, under 

mangrove vegetation (near Labuan Pering). Also the riverine clays along 

the S. Air Hitam Laut formed under Nypa fructicans vegetation contain a 

high amount of pyrite (>0.75%), so they are Sulfaquents. If sulfidic 

material is present between 50 and 100 cm depth, the soil is classified 

as a Sulfic Tropaquent. Soil profile 75 is an example of a Sulfaquent. At 

a depth of 30 cm, the soil contains 1.13% pyrite. This soil is located in 

the mangrove near Cemara and is flooded by high tides. The vegetation 

consists mainly of Avicennia alba. 

Characteristic for most of the marine clays is the layering: a dark 

brown (10YR 4/3) clay, with rather•jnû li_-organic matter, upon a grey/blue 

(5GY 4/1) clay, often with green(glauconite/mottling. 

Acid sulphate soils are classified as Sulfaquepts, if a sulfuric 

horizon has its upper boundary within 50 cm of the soil surface. Less 

extreme acid soils are Sulfic Tropaquepts, these are Tropaquepts with 

jarosite mottles and a pH 3.5-4 somewhere within the 50 cm depth, or 

jarosite mottles and a pH <4 in some part between 50-150 cm depth. Both 

groups belong to the order of the Inceptisols, which are a next stage in 

soil development compared with the Entisols. The Inceptisols are somewhat 

riper and the upper horizon shows mottling. Most marine clays in Berbak 

are reclaimed and cultivated for agriculture. As a result of draining and 

excluding from tidal influence, the Sulfaquents developed into 

Sulfaquepts or an intermediate form. The acidification of most marine 

clays is not very severe, the pH is often between 3.5 and 4. Locally, 

serious acidification occurred (pH <3.5), i.e. the soils near desa Air 

Hitam Laut. These soils are real Sulfaquepts. At other places jarosite 

mottling along the parits can be observed (Cemara and Labuan Pering), 

also indicating Sulfaquepts. The soils on drier fluviatile clays can also 

be classified as Sulfaquepts or Sulfic Tropaquepts. 

A problem is the exact mapping of the soil types, because they have a 

scattered distribution depending on varying local conditions. 

<1 



-20-

Furthermore, the identification in the field is difficult and the number 

of soil analyses that could be carried out had to be limited. Therefore, 

only preliminary conclusions could be drawn. 

The sandy soils can be classified as Psamments, a suborder of the 

Entisols. 

Organic soils (Peats) 

On the soil map, shallow peat (0,5-1,5 m peat) and deep peat (>1.5 m 

peat) are distinguished. According to Soil Taxonomy these organic soils 

are classified as Histosols. A soil is a Histosol if half or more of the 

upper 80 cm consists of organic soil material. 

Organic soil material contains: 

- more than 18% organic carbon, if the mineral fraction has 60% or more 

clay, 

- more than 12% organic carbon, if the mineral fraction has no clay, 

- an intermediate proportional content of organic carbon if part but less 

than 60% of the mineral fraction is clay. 

The hardly decomposed peats are the Tropofibrists, also characterized by 

a low bulk density (containing much water). Probably, all deep peats in 

Berbak can be classified as Tropofibrists. Soil profiles 43-50 belong to 

this group. 

The shallow peats, in general, contain better decomposed organic 

matter and have a higher bulk density. These peats are Tropohemists. If 

sulfidic materials are present in the upper 100 cm, these peats are 

Sulfihemists. Peats with a sulfuric horizon in the upper 50 cm are 

Sulfohemists. We found low amounts of pyrite in the peats (0.10-0.20%), 

too low to classify the peats as Sulfohemists or Sulfihemists. The 

shallow peats are located between the mineral soils and the deep peats. 

Not only geographically they form a transition, but also with respect to 

chemical and physical properties. 

3.4 Pyrite formation 

The sediments which are deposited along the coast and along the rivers, 

are not supplied by the S. Air Hitam Laut and the Sungai Benu. Both 

rivers contain only acid water (pH 3.5), derived from the extensive 

peats. The river water contains only organic matter, causing the black 

colour of the water and no sedimentation load is present (Air Hitam means 

black water). The sediments probably originate from the S. Batang Hari. 
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They are transported southward and deposited along the coast, influenced 

by a northeastern current in the South China sea. The sediments have a 

strongly weathered, acid character. 

Apart from some sandy deposits (Appendix 5) the sediments in Berbak 

are clays. They are deposited under saline to brackish conditions. Under 

mangrove and Nypah vegetation secundary pyrite (FeS ) is formed, 
2 

according to the overall reaction: 

2-
Fe o + 4 SO + 8 CH 0 + |0 > 2 FeS + 8 HCO + 4 H 0. 

2 3 4 2 2 2 3 2 

The essential ingredients for the formation and the accumulation of 

pyrite are (Pons & van Breemen 1982): 

1) sulfate, continuously supplied over an appreciable period (e.g. with 

sea water), 

2) iron containing minerals, present in the sediment, 

3) metabolizable organic matter (CH o) (supplied by mangrove vegetation), 

4) sulphate reducing bacteria, which are practically always present, 

5) an anaerobic environment, 

6) limited aeration for oxidation of all sulfide to disulfide. 

The pyrite containing soils are potential acid sulphate soils. They are 

unripe to ripe and pyrite has accumulated under tidal influence. In areas 

with a rapid accreting coast, no serious accumulation of pyrite is to be 

expected. The vertical silting up of the sediment prohibits formation of 

pyrite. Amounts of pyrite are less than 0.5% pyrite sulfur, compared with 

1-2.5% pyrite sulfur in estuarine systems (Diemont & van Wijngaarden 

1974; Pons & van Buuren 1982). According to Diemont & van Wijngaarden 

(1974), rather high pyrite amounts can be expected under a Rhizophora 

vegetation. So, in the accreting coastal system of Berbak high amounts of 

pyrite are not to be expected. In table 2 the amount of pyrites of some 

soil profiles in the coastal area of Berbak are given: 
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Table 2 Amounts of pyrites (% Fe) the solum and in the underlying 

parent material in an accreted coastal system 

solum parent material 

soil profile depth pyrite-Fe C depth pyrite-Fe C 
I) 

site nr cm % % cm % % 

81 

82 

80 

77 

75 

79 

78 

76 

1 

2 

3 

4 

5 

12 

14 

16 

115 

305 

95 

105 

30 

105 

110 

135 

0.19* 

0.93 

0.63 

0.76 

1.13 

0.09* 

1.70 

1.06 

1.1 

3.8 

6.7 

2.6 

2.0 

1.2 

7.3 

3.6 

190 

355 

145 

145 

325 

245 

0.73 

0.63 

0.98 

0.80 

0.80 

1.36 

2.8 

1.9 

2.8 

2.3 

1.8 

0.8 

* oxidized; green mottling 

1) Depth of ombrogenous peat: profile nr. 1, 2, 3, 4, 12 resp. 90, 280, 

80, 20, + 40 cm peat. 

Landuse: ananas (nr. 1, 2), paddy/coconut (nr. 3, 4, 14), burned 

forest (nr. 1, 12). 

Mangrove: mainly Avicennia alba (nr. 5), coconut (nr. 16). 

methods: appendix 7 

Only profile 5 is still under tidal influence, it is flooded by high 

tides. The results show an amount of pyrite of about 1% (0.6-1.7%), much 

higher than amounts found by Diemont & van Wijngaarden (1974) in the 

solums of an accreting coast in West Malaysia (about 0.5% pyrite). 

The mineral soils along S. Air Hitam Laut contain higher amounts of 

pyrite, although these soils (Table 3, profile 7, 6, 10) are now under 

freshwater conditions. We sampled (at a distance of about 12 km linea 

recta from the coast) in a transect the mineral subsoil of a peat 3 m in 

depth about 3 km from the river, a backswamp about 200 m from the river 

and a levee. Besides, a soil profile under a Nypa vegetation, near the 

mouth of the river was sampled. This soil is regularly flooded with 

brackish-salt water. 
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Table 3 Amounts of pyrite (FeS ) in the solum and parent material of 
2 

soils along the S. Air Hitam Laut 

soil 

site 

44 

38 

40 

62 

profile 
I) 

nr 

7 

6 

10 

11 

depth 

cm 

370 

300 

130 

190 

65 

165 

215 

pyrite-Fe 

% 

0.62 

2.23 

2.38 

0.81 

0.62* 

1.13 

2.68 

C 

% 

20.6 

6.7 

10.1 

3.0 

5.1 

3.3 

5.8 

depth 

cm 

445 

425 

265 

345 

pyrite-

% 

2.29 

2.02 

1.64 

2.51 

•Fe C 

% 

6.0 

1.8 

0.3 

3.2 

* partly oxidized 

1) Depth of ombrogenous peat: 320 cm (nr. 7). 

Landuse: primary forest, backswamp 500 m from the river (nr. 6); 

primary forest + 3 km from the river (nr. 7); levee, mottling reddish-

brown till 60 cm depth, primary forest (nr. 10); mouth of the river 

near desa Air Hitam, Nypa fructicans vegetation, with lobster hills 

(nr. 11). 

methods: Appendix 7. 

These amounts of pyrite indicate a marine origine of the sediments along 

the S. Air Hitam Laut. Probably pyrite has been formed under a 

Nypa-vegetation, which shifted more seaward following the accreting 

coast. Pandanus tectorius, also a palm species replaced Nypa fructicans 

when conditions changed from brackish to fresh water. 

A large part of the coastal area has been brought into culture. The 

topsoil became aerated and oxidized as a result of drainage (by parits). 

Pyrite oxidized and sulfuric acid appeared, causing a considerable drop 

in pH, from 6 to 4 or 3. An other oxidation product is jarosite, an iron 

(III) sulfate compound, causing the pale yellow mottling, characteristic 

for these soils. These acid, oxidized soils are acid sulphate soils. Most 

soils show a pH of 3.5-4. 


