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generation this amounted to between 50% and 80% of total reserves from the 
natural Dipterocarp forest ecosystem in the case of Paraserianthes falcataria, to 
between 40% and 50% in the case of Eucalyptus deglupta and to between 30% 
and 40% in the case of Acacia mangium. 

This means that productivity is often limited due to nutrient deficiencies as 
early as the second generation. According to the theory presented in this paper, 
productivity is the rate at which biomass is synthesized in the ecosystem. Here, 
the question of whether these plantations can permanently deliver the high rates 
of growth (biomass production) that are expected of them without fertilization 
(between 20^1-0 m3/ha/y) is answered. The verification of the model can be made 
over thousands of hectares of plantation forests not only in East Kalimantan or 
Sabah but throughout the humid tropics, where growth of the fast-growing 
species like Eucalyptus, Acacia, Pinus, Gmelina and Paraserianthes is often 
decreasing drastically 5 to 10 years after planting. 

More studies of nutrient storages, ratios and fluxes in tropical tree plantations 
and their consequences for the soil as a compartment of the ecosystem are all the 
more important in view of the fact that as a result of developments in the timber 
processing industry and in domestic demand, the Southeast Asian governments 
expect a drastic increase in annual demand for timber which cannot be met by 
the remaining natural forests. Only Indonesia establishes up to 250,000 ha of 
plantation forest with fast-growing trees per year — mainly on degraded, 
nutrient-poor Ultisols. As a consequence, the chemical and biological soil 
amelioration, or better ecosystem amelioration, on millions of ha will be the main 
task for forestry in Southeast-Asia during the coming decades. 

Impact on Biodiversity 

The Dipterocarp forest ecosystems are a habitat for hundreds of thousands of 
animal and plant species, that form an intrinsic network of interactions. 
Conservationists all over the world question whether such an ecosystem can 
tolerate anthropogenic disturbances such as timber utilization. Scientists are still 
not in the position to assess the long-term effects of selective logging on species' 
diversity, but already have a few scanty data on the immediate, short-term effects 
on species' diversity of limited areas (WEIDELT, 1993). 

BOER (1993) who studied the alpha-diversity of the avifauna in primary and 
logged-over Dipterocarp forest ecosystems in East Kalimantan shows that the 
number of different bird species 10 years after logging was higher than in a 
primary forest. Also the number of individuals counted was significantly higher. 
Twenty years after logging, the number of individuals, species and families 
counted was almost similar to that of the primary forest. 

Most seriously affected, and less abundant or absent after logging, are orang 
utan (MACKINNON, 1971), sunbear (WILSON and WILSON, 1975), and 
stream-inhabitating birds such as kingfishers and forktails. A few animals, mainly 
browsers and grazers, actually prefer disturbed or logged over forests. This is 
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because the lush growth of small pioneer trees, giant herbs, grasses, sedges and, 
in the case of elephants, rattans too, actually enhances their habitat 
(WHITMORE, 1984). 

Similar research results are shown by PLONCZAK, 1988 (cit. from 
WEIDELT, 1989) for exploited llanos forests of various ages and for primary 
forests in Venezuela. Following moderately severe exploitation at the average 
rate of on average 18 stems/ha, there was, as expected, an immediate decrease 
in the number of tree species over 10 cm in diameter. In subsequent years, 
however, the number of species per unit area increased considerably above the 
number in the primary forest. 

Thus, there is no evidence that the number of tree species is reduced by 
logging activity, when adhering to the standards of sustainable forest 
management, silvicultural techniques and reduced-impact logging summarized 
by ONG et al., WEIDELT, and MARSH et al., in this publication respectively. 
Unfortunately, the usual practice still is very different. 

It is, thus, entirely conceivable that careful selective exploitation, based on 
natural gap dynamics of the Dipterocarp forest ecosystems, actually increases the 
niche frequency, especially for opportunist gaps (WEIDELT, 1989 and 1991). 

Nevertheless BAILLIE (1989) indicates that floristic and structural variations 
in the lowland Dipterocarp forest ecosystems are at least partly determined by 

Photo 3 Orang utan are less abundant or absent after intensive logging and are, 
therefore, one of the most endangered species of Dipterocarp forest ecosystems. 
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edaphic conditions. ASHTON (1964) found consistent floristically defined forest 
types within the ecosystem, the distributions of which were more or less 
associated with variations in soils and their parent materials. AUSTIN et al., 
(1972) found drainage characteristics to be the main determinant of the floristic 
variation in such ecosystems in Brunei. When the sampling range was extended 
in Sarawak, lithogenic properties such as total nutrient concentration, especially 
of phosphorus, were found to be more influential (BAILLIE and ASHTON, 
1983). The distribution of individual species within the Dipterocarp forest in 
Sarawak/Malaysia also shows some evidence of edaphic influence, especially of 
lithogenic properties such as texture and total storage of nutrients (BAILLIE 
1989). 

In particular, since there is a large number of species with narrow ecological 
niches caused by edaphic (and maybe climatic) influence in the Dipterocarp 
forest ecosystems — and a resultant pronounced trend towards endemism — it 
may happen that species are eliminated by intensive cutting over large areas, or 
that their number may be reduced to the point where their existence is threatened. 
Unfortunately, so far only the reproductive biology of very few Dipterocarp 
species is known, and we are unable to model even parts of the network of 
reproduction chains, so that all considerations of that point still remain theoretical 
(WEIDELT, 1989 and 1993). 

Nevertheless, the eradication of species as a direct consequence of Dipterocarp 
forest management systems (presented, for example, by KLEINE and 
HEUVELDOPP, 1993 and ONG et al. in this publication), oriented towards 
mimicking the natural growth dynamics, retaining a mosaic of different 
successional stages, minimizing harvest damage, diversifying forest utilization 
and safeguard the local value added, seems to be unlikely. The risk of losing 
species appears to be even lower, when plots or strips of the primary forest are 
conserved in the logging area. 

CONCLUSIONS 

The final goal of sustainable forest management with respect to the theoretical 
concept presented in the paper is forest ecosystems, whose biodiversity allows a 
rapid recycling of nutrients and whose elasticity allows utilization without being 
subjected to a long-term change in species' compostion and storage of elements. 
A high rate of recycling seems to be the natural approach to provide nutrients 
adjusted to the growth rate respectively (ULRICH, 1987). According to 
INGESTAD (1982), this high rate of recycling or the property to keep the 
internal ion cycle closed without trends in relation to the storage of bioelements, 
seems to be the precondition for sustainable high productivity. 

Data presented from case studies of typical forest sites in Malesia (Ultisols in 
East Kalimantan/Indonesia and Sabah/Malaysia) show that continuous plantation 
forestry with fast-growing species in monoculture is not possible without regular 
fertilization and replenishment of bioelements. These measures are required as 
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early as at the first generation change. Beyond that there is no doubt about the 
drastic decrease of biodiversity during the conversion of even heavily logged 
Dipterocarp forests into plantations. 

Therefore, the conversion of logged-over Dipterocarp forest ecosystems into 
monocultures of fast-growing trees cannot be considered a sustainable 
management form. 

The supporters of the conversion approach obviously feel that the positive 
experience gained with timber plantations in temperate zones and peripheral 
areas of the tropics and subtropics can be transferred to the moist forest regions 
of Malesia. But, based on the present knowledge of the subject and first 
experiences during the last two decades, this is not permissible and, in fact, has 
already given rise to some monumental failures. Nobody doubts the need to 
reforest devastated areas in order to meet the growing demand for timber. First 
positive results have been made in the restoration of alang-alang (Imperata 
grasslands) in a few projects in Malesia (see articles by OTTSAMO et al., as 

Photo 4 Secondary producers use dead organic matter, including litter and soil humus, 
as energy source. A high rate of recycling, i.e., of the activity of secondary producers, 
seems to be the natural approach to provide sustainable high productivity. Plantation 
forestry with fast-growing species in monoculture often produce litter and humus 
accumulation, i.e., a deviation of steady state. The high rate of biomass production in a 
plantation is not balanced by a high rate of mineralization (Photo: Litter accumulation in 
a Teak plantation). 
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well as APPANAH and WEINLAND in this publication). Similarly, plantations 
may perhaps relieve the pressure of exploitation exerted on the natural forest and 
form protective zones around the easily damaged areas of Dipterocarp forests 
(WEIDELT, 1991). 

Since there are millions of hectares of unproductive grassland and wasteland 
in Malesia, and as we can not renounce highly productive forest ecosystems, we 
are forced to accelerate the recovery process of the forest ecosystems by 
technical measures. Such technical measures include the planting of trees, but 
also the application of lime and fertilizer as well as soil manipulation. 
Consequently chemical and biological soil amelioration together with 
reforestation will be the main task for forestry in Malesia during the coming 
decades. According to the theoretical concept presented herein monoculture 
reforestation must be avoided as far as possible. 

The practice of converting logged-over forest into plantations of fast growing 
trees is very much influenced by financial considerations and cash-flow models 
using optimistic growth and yield data of species like Eucalyptus, Pinus, 
Gmelina, Acacia etc. As in most cases, costs for fertilizers (review of 
DRECHSEL and ZECH, 1993) disease prevention and control (see review of 
IVORY and SPEIGHT, 1993) and fire damages (see review of GOLDAMMER 
et al., in this publication) and other risks are not calculated and the investment 
often ends in an economic disaster. 

The failure to recognize the theoretical aspects of forest ecosystems discussed 
in this paper and the environmental limitations of plantations of fast-growing 
trees has been, and still often is, a major impediment to successful development 
of sustainable forestry in the tropics. One of the most well-known examples is 
summarized by JORDAN (1994): 

In the belief that the Amazonian rain forest could play an important role in 
satisfying the increasing world demand for pulp, an international businessman by 
the name of Daniel Ludwig in 1967 acquired over 12.000 km2 adjacent to the Jari 
river, in the state of Para, Brazil, and developed it into one of the largest pulp 
production enterprises in the tropics. By the early 1980s, over one billion US 
Dollars had been spent on the project which included a railroad, a fleet of 
airplanes, and a complete city. The biggest expense was a pulp mill built in 
Japan, then floated half way around the world, and finally anchored in the Jari 
river. In 1982, Ludwig sold the enterprise to a consortium of Brazilian investors 
for 280 million US Dollar, less than a third of the amount invested (JORDAN 
and RUSSEL, 1989). Most of the official reasons given for the huge financial 
loss centered around problems with bureaucratic, administrative and labor 
problems. Time magazine (1982) reported, "pesky government regulations and a 
xenophobic attitude among Brazilians discouraged Ludwig". Another report 
related that "company officials attribute Mr. Ludwig's decision to Brazilian 
government red tape, and a failure to fulfill promises to Mr. Ludwig" 
(HARTSHORN, 1981). Non-company observers pointed out that Mr. Ludwig's 
investment in Jari far exceeded plans, and the profligate spending and poor 
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Photo 5 The increasing world demand for pulp and paper and positive experience with 
timber plantations in temperate zones has already given rise to the conversion of logged-
over Dipterocarp forests into monocultures of fast-growing species like Eucalyptus, 
Acacia, Gemlina and Paraserianthes on millions of hectares in Southeast Asia. 

management contributed to the difficult financial position of the Jari operation. 
Some of Ludwig's foresters admitted that Gmelina arbor, the wonder tree on 
which Ludwig had gambled to produce high quality pulp, grew much less 
favorable than had been predicted (JORDAN, 1985). 

But nowhere in any of the official accounts of the Jari project, was there any 
recognition that the conversion of rain forest into plantation characterized by 
large-scale, energy-intensive, even-aged monocultures of genetically uniform 
exotics, the environmental conditions encountered (nutrient-poor Oxisols and 
Ultisols), and a continuously hot and humid climate had contributed to the 
deviation of the ecosystems from steady state, manifested in poor growth of 
Gmelina, and the spread of the disease that ravaged early plantations. 

It seems necessary to point out that approximately 20 years later most of the 
plantation programs, not only in Malesia, are characterized by large-scale, 
energy-intensive, even-aged monocultures of genetically uniform species like 
Gmelina, Acacia and Eucalyptus on nutrient poor Ultisols in a continuously hot 
and humid climate. 

Based on a number of silvicultural experiences in Malaysia, the Philippines, 
Brunei and Indonesia, a lowland evergreen Dipterocarp forest ecosystem can 
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produce 15-30 trees ha (over 60 cm diameter) of marketable timber species at 
the end of the cutting cycle (WEIDELT and BANAAG, 1982; BURGESS, 1991; 
APPANAH and WEINLAND, 1994; KLEINE and HEUVELDOPP, 1993; 
WEIDELT in this publication). Estimating that an average log volume of 3m3 is 
obtainable from each tree, between 45 and 90 m3 ha"1 harvestable volume would 
be available, which is ecologically more acceptable and economically more 
promising than the conversion of these ecosystems into plantations. 

In addition, experiments in South Kalimantan/Indonesia clearly indicate good 
prospects for enrichment planting of Dipterocarps even in heavily logged-over 
low volume forests. With the observed increment of 8-17 m3 ha - 1 year"1 and 
current high prices of red meranti timber, planting of Dipterocarps (i.e., Shorea 
johorensis, S. leprosula and S. parvifolia) seems to be much more profitable than 
the commonly applied practice of converting low-volume Dipterocarp forest 
ecosystems to plantations of fast-growing exotic tree species (ADJERS et al., 
1995). 

While timber is still the most valuable economic product from Dipterocarp 
forest ecosystems, their impact on rural and indigenous people is sometimes low, 
and sometimes detrimental. However, non-timber products such as rattan, nuts, 
dammar, resin, camphor etc. play a considerably more important role in the 
economics of rural people and could in the future for whole regions. Examples 
for the cultivation of ecologically well adapted "minor" forest products are given 
by WEIDELT (Rattan), SEIBERT et al., (Tengkawang) and GOUYON (Rubber) 
in this publication. 

Managed Dipterocarp forest ecosystems, from which biomass is exported by 
timber and non-timber product exploitation, deviate usually further from steady 
state than the "untouched" forest ecosystems. From the theoretical point of view 
also intensively managed tropical forests can reach stability phases, if the 
deviation from steady state remains within the range of elasticity. 

If applied, heretofore developed selective logging and replanting systems 
based on low-impact harvesting techniques seem to cause only deviations from 
the steady state within this range of elasticity in both nutrient storage and 
ecosystem diversity. Although the short-term effects of forest management on 
species diversity do not indicate eradication of flora and fauna, the long-term 
effects are still difficult to assess. 

This leads to the final demand for intensification of research on the topic. 
Incorrect or incomplete data bases for sustainable forest management techniques 
will lead to either over-exploitation or under-utilization. Viewed from a socio­
economic perspective, both are too expensive for most of the tropical countries. 

Nevertheless, although many ameliorative measures as a basis for sustainable 
forest management have been known for several decades, their implementation 
has been limited up to now. Clearly, none of the associated benefits can be 
achieved if forest management, and especially logging operations, are not 
planned and supervised by well-trained personnel. Indonesia alone is estimated 
to lack 20,000 forest engineers with a higher education. Therefore, it is the lack 



26 Dipterocarp Forest Ecosystems: Towards Sustainable Management 

of implementation of existing laws, guidelines and management techniques (a 
few of them presented in this book), rather than a need for designing new ones, 
which hinders sustainable management of Dipterocarp forest ecosystems. 
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