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Economic Use of Tropical Moist Forests 
While Maintaining Biological, Physical and 
Social Values* 

J. DAVIDSON 

SUMMARY 

The biological, physical and social values of tropical
moist forests (TMFs) can be definedfrom a subjective
human viewpoint. 7e fragility"of theseforests, i.e. their• 
reaction to uusideforces, is determined by their nature 
and by ecological principles, both of whicti are largely
objective. Theforest, as a complex living system, acts as 
an objective entity. If utilization exceeds what theforest can sustain, degradation will set in and eventually may
effect essential ecologicalprocesses and diminish genetic
diversity. 

The 	 degree of permissable utilization of TMFs is
dificult to judge because of the richness of species, the 
woody, long-lived character ofmanyplants, the complex
interactions between animals and plants, and the many 
gaps in available knowledge. The time scales of effects 
and change are particularly important. 

In 	determining the economic use of TMFs while 

*The 	publishing of this paper was made possible through the 
generous support of the Independent Commission on International 
Humanitarian Issues (ICIHI) in the context of its work 	 ondeforestation, 

This document originates fr - an IUCN Commission on Ecology
(COE) Workshop at the institute of Ecology, Padjadjaran
University, Bandung. Indonesia, 1-3 	 October, 1982, and writtenmaterial prepared by 	 the late Dr. M. Jacobs, member of theCommission on Ecology. 

Participants at the Workshop were Dr. J. Davidson (Chairman),
Dr. L. Hamilton, Dr. K. Kartawinata, Dr. L. Webb (Members,Working Group on Tropical Moist Forests, COE), Dr. H. Rijksen
(Special invitee), Prof. 0. Soemarvoto (Member, Working Groupon Traditional Knowledge. Conservation and Rural Development,
('OH andi Dr. M. Itijieveld (Executive Officer, COF.). 
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maintaining biological. physical and social values, the 
following twelve points should be taken into account: 

. There are essential disti,ctions between 
a. TMFs and other types offorest,
b. lowland and uplandforest, 
c. primary and secondary forest, and 
d. iat andaered forest, 

Planningfor each type should take into account its 
kind, status and scarcity. For example, welldrained 
against less well drained sites, greater versus less 
soil fertility, large homogeneous areas or large
heterogeneous areas compared with small ones. 

2. 	 The values of TMFs are great and varied,
particularly those of intact species-rich TMFs at 
low altitude on well-drained soils (e.g. supply of 
timber, protection of soil, regulation of water 
regime, food and shelter). 

3. 	 Utilization only for wood production seriously 
diminivhes many other values of TMFs.

4. 	 Sustained utilization requires maintenance ofecological processes which include preservation of
genetic diversity, though not necessarily on the 

same area of land. 
5. 	 The prospectsfor sustained utilization of TMFs are 

very few, because of: 

a. 	 species richness,
b. 	predominant woody (long-lived) character ofthe 

plants, 

C. 	 interdependence of plants, animals and forest 
dwellers, 

d. 	low density of most plant and animal 
P,)pulutiony, and Patchiness o " species 
occurrenec
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degradation with hunting-gathering, and the 
collection ofminorforestproducis.TAM's cannot beexploited without great ecological damage for 
purposes uch as woodchippingand otherforms of
"integrated utilization" (use of whole trees,
somedties including,leaves, bark and roots) and 
logging by hand tools or with machinery, 
Harmful exploitation shouldhbe discouraged.Someofthe rentainingintact TMl's houldbeprotectedin
co,nbination with harmless exploitation as
prei'iously defined. Approximately 10 to25percent
of the remaining worldwide primary TAMls should 
be protectedin properly inanagedprotectedareas,

8. 	 Land types derivedfrom TiAiF ecosyvstems, namel),
secondar, foirest, mnodified forest, transfornied 
forest, and degraded land, often can be managed
productivelv. Sustained utilization should be 
concentrated on these sites, rather than on intact 
TAlfr. 

9. 	 A distinction between planned exploitation and 
spontt:rtcous exploitation (mainly inappropriate
shifting cult;t'ation aud encroachment) is useful, 
since the p,"oblems and possible solutions differconsiderably. 

10. 	 Even ithere mechanical logging and other severe
fornis of utilization mn:ts be and are carriedon,
there are ways and mr-eansof lessening their impact
and slowing the rate of degradation.Since these 
ma), reduce shert-te:m profits, the cooperation of 
foresters, engtineers and economists needs to bepronoted. 

11. 	 The promotion of a capability classification and
suitabilityassessmentof tropicalforestlandsbased,
for example, ot landscapewits shouldbe a major
goal for IUCN, AAB, UNEP, EAQ and other 
agencies as the first step in overcoming ecologicalproblems in TAl-s. 

12. 	 ;Vell conceived out anddorumentedland use plans 
areneeded onacatchmnentorregionalbasis,toshow 
which parts of the forest land are separately
allocated to preservation, "conservation" (in the 
sense of the World Conservation Strateg),
regeneration(i.e. carefulexploitation), clearingand 
so on. Plans based on demonstration models and 
case studies are the only sure means of integrating
these uses with economic development of TMEs so 
as to maintainbiolgical,physicalandsocial values,
Integrationofpreservationwith an), other use on a
single unit of intact primnary TMl is considered 
impossible by manj ecologists, 

INTRODUCTION 

According to demand projections by the Food and 
Agriculture Organization (FAO) based on 	expectedrises of population and incomes, the worldwide
consumption of wood for all purposes will grow from
2.5 billion cubic metres (1976) to 4 billion zubic metres 

industries derived from them represent great potential
for the easing of poverty, for social change and for
satisfying the many basic needs of rural populations.
In the face of continuing rapid depletion and
degradation of tropical forest resources, there is a need
for better management of that part of the forest estate
used already for wood production (Masson 1983,
Hamilton and King 1983). 

Flores Rodas has(1981) called for a critical 
assessment of the conventional philosophy regarding
forestry and for a reformulation of forestry strategies
for development. Forestry policies have to be re
oriented and redesigned in1 order to transform forestry
based activities into efficientmore agents of socio
economic change. Increased harmony with ecological
principles has to be reconciled with increases in 
production, prod uctivity nd welfare of the rural poor.

The 	reform forestny strategy advocated by FloresRodas would have three main objectives: 

1. 	 alleviation of poverty on the basis of a greater 
access by 	the rural poor to goods, services and
opportunity generated by economic growth; 

in 1994 (FAO, 1978). FAO projects that Third World 
consumption alone of wood panel products and paperwill quadruple in 20 years end consumption of 
sawnwood will rise at the rate of 50 per cent every
years. The commercial wood demand -s rising
particulardy fast in less developed countries with rapid
population growth and in some of these countries most 
of the world's remaining TMFs occur.

Besides these huge increases forecast in industrial 
wood consumption, large numbers ofpeople (sonic 1.5
billion) also will continue to rely on frewood for
cooking and heating purposes. Spears (1978)
estimates, at 	 the current rate of plantation
establishment, only 10 percent of fuelwood needs will
become available from plantaticns by the year 2000,
even based on optimistic assumptions about the spread
ofmore efficient stoves, and alternatives such as biogas
generators and solar cookers. Most fuelwood 
requirements must come from natural forests, mainlytropical. Clearly, the pressures to meet tile basic
human i;eeds for wood and for economic development
of the TMF wood resource are going to increase 
markedly.

The need to produce food and non-wood industrial 
crops for a rapidly increasing tropical population also
will expand. FAO (1079) estimates that, even if crop
yields on land already cultivated were to increase by 72 
per cent, another 700 million hectares would have to be
cleared in the next 20 years, greatly magnifying the rate 
of TMF depletion. 

Past widespread mismanagement and depletion of
TMFs are affecting human habitats and degrading the
productivity of 	 forest land. The fundamental 
importance of these forests to 	 human wellbeing,
particularly of the world's poor, largely has been 
ignored. 

The world's remaining TMFs, forest lands and 



2. 	 self-reliant decision making for promoting 
equitable participation of the rural people in 
forestry and forest-based activities; and 

3. 	 an integration of the precepts of eivironmental 
management and permanence of the forest 
resource base required to sectire optimal flows of 
benefits for present and future gen'r:itions. 

These objectives do not iniply rej.ction of stratcgics 
to increase forestry output since continued 
improvement in the welfare of the poor can be 
achieved only through dynamic cconomic growth 
based on sustained yields. It is important that when 
natural forest resources are used on a managed basis 
only the "interest"(increment) is removed, nt the 

capital". 
A key issue is what type of forest use is sustainable? 

Certain uses impact on, or alter TIM Fs uin morethlan 
others. Light logging with minimal roading and 
skidding, for example, may cause only slight 
disruption from which a primary forest ny recover, 
being close to the original after only one or two 
decades. More usually there is a very long-term
depletion of the faster-growing economic species, 
whose regeneration is suppressed by the residual stand. 
In contrast, heavy mechanical logging may impoverish 
the forest so severely that it may take one or more 
centuries before a state of dynamic equilibrium is 
reached. Large scale intensive forest farminig (e.g. beef 
cattle raising) may prevent succession to primar,' 
forest. The Same is true for clear-felling of forest for 
woodchips whereby often the land is converted to 
exotic plantations or intensive agriculture. 
Consideration of the complete forest clearance is 
excluded from this paper since, by definition, no 
rnatural forest resource remains for economic 
development or use. 

The use of TMFs spans a spectium of consetluence 
from minor or temporary disruption to permanent 
d struction. Niany of the intei mediate forms ofchan.c 
still leave a foresZ ecosystem of some kind but usually 
of a secondary, biotically altered nature. it may be 
more productive of ome types of materials for certain 
purposes (e.g. bamboo in some areas). 

Clearly, any use of primary TMFs will cause some 
change and biological, physical and social values 
cannot be maintained absolutely intact with any form 
of use. The best way to Save an area ot iNI F is to set it 
aside as a reserve, that is, it must be preserved. 

Maintenance of a reserve ill !he "natural" ';tate 
depends on the effectiveness of nian'.gemel:: ill 
excluding fire, pests, exotic weeds and so on which May 
invade from outside. Reserves can be integrated into 
an overall economic development plan by lail 
classification and use planning techniques. Decisions 
must be taken in a multidisciplinary context taking 
into riccount as mnaiy interests as possible (Qurshm i 
eCal. 1980, Carpenter 1981, Davidson, 1983). 

The first task is to identify thoe most precious areams 
of remaining TMFs to be preserved undisturbed for 

thein value as genetic reservoirs; new sources of drugs 
and 	foods (to be cultivted and harvested elsewhere); 
habitats of traditional forest dwelles including tribal 
people under certain circunmstanuces; for symbolic, 
religions and cultural heritage values; for site 
protection mid as benchmark reserves and locations 
for 	appropriate non-destructive scientific research. 

The achievenwnt of all these objectives may require 
setti ug aside in,1)st of the remainling TMFs in certain 
countries. Ncvei thcless this should be done 
imnmediamtiy as par of the overall dcvelopncnt plan 
for 	a country. 

To make Up for kind set aside as resteryes, and 1till 
maintain the desired economic and social devielopment 
is a difficult task. Ways need to be found :o minimise 
short and long-term adverse environmental impacts on 
those parts of the forest logged or otherwise Lsed. 
Intensive plantation forestry or agrotorestry on 
secondary forest, marginal or degraded lands may be 
developed adjacent to intact TM Fs. The used forest 
would foirm a buffer zone if wide and dense enough to 
prevent ecr, achiment and illegal harvesting in the 
TM Fs. 

'I'YIfI.:S 01, TI)!CAI NiOISl I)R _ 

lhere are many different kinds of TM Fs (e.g. see 
Unesco 1978) and no universally acccpted definition. 
I)escript ions and classifications arc numer:ous (Ashton 
1964, Baur I906, Bcard 1955, Brimig 1977, Farnwkorth 
anI CiolIcy 1974, (o;lev ld Medina 1975, 1loldridge 
1967, 1loldridge C1 al. 1971, Richards 1952 and 1973, 
tINI-SCO 1973, 1974 and 1978, Webb 1977 and 1978, 
Whitmore 1975). Whitmore identified twelve types of 
tropical rain foicst including tropical scmi-evergreen 
atnd moist deciduous forest types. 

The (iisti lic tions between Iowland and upland forest, 
Wel-drained tropical rai forest and other types of 
TNIF, primary anl secondary forest, intact andl altered 
forest (previoWIs history), shotuld be obe Cid in lind 
use planning. 

(a) Lowland andiqdlandforest 

Generally. the "tropical zone" is defined as being 
below 1(00 m altitude and between 231,0 of N and S 
latitude. Based on altitUde, at least two sub-zones call 
be distinguished, sometimes even three. With 
increasing altitude the forests normally become poorer 
in statutC and ill species. The richest zMe usually with 
the tallest trees is from sea level to 500 im.Ilowever, in 
the wide lowland basins of Africa :ind Amazonia such 
vertical siratification is not obvioLs. It is more distinct 
in Central America and Mlaysia, which are dissected 
by mountain ranges. 

UnfortunlatCly. the lowlarrd TNIFs are most heavily 
exploited, becausC of tile tallness of the trees, and easy 
accessibility. lowland TM F lands are often heavily in 
demand for agriculture or settled by immigrants 
follving logging. All land use decisions should 
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recognize the significance of altitude. Protecting hill c """' 

forest above 500 m will not save lowland forest below 
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it. Each sub-zone must be considered separately. 	 J 

(b) Tpes of TIfF other than tropicalrainforest J I 
In addition to well-drained tropical rain fores, there
 
are:
 
- various degrees of seasonal forest, which lose some
 

leaves in the dry season,
 
- freshwater swamp forest inundated part of the
 

year, 
- peatswamp forest, growing on peat above the water
 

table;
 
- forests on extremely nutrient-poor white sands, the


so-called kerangas, caatinga or wallaba for
mations, and on other oligotrophic siliceous soil
 
types such as sandstones and schists;
 

- forest on litnestone karst formations:
 
- mangroves in saliae coastal and estuarine areas; 

- beach forests on sandy shores, and 

C
 
- forest" periodically disturbed by natural agencie 
 Fig.2. ?arasolier, typical tree ofsecondary forests, Tai region, iv-oysuch as volcanoes, earthquakes, landslides and Coast. (P1hoto credit: WWF/U. Rahm.)

cyclones. 
All these types generally consist of closed forest of species are woody. Because woody species are longmnixed composition. Exceptions include forests 


adjacent to areas heavily browsed (e.g. in 
lived structural change is slow, taking centuries. The
 

parts of number of individuals of a species, per hectare, is lowAfrica and India), forests oti skeletal soils, forests in species-rich types, often one tree insubjected to periodic fires and forests 	 2-3 ha, but on soils of sometimes I in 20 ha. Rarity, defined in 	terms of theextreme nutrient poverty. TMFs occur on very 	 mean density of individual species, is common.
different soil types, each differs in species composition The seeds of mature-phase, primary, relatively
and, after clearing, is replaced by different secondary aseasonal, forest plants germiriate under the canopy
forest, depending )n the continent and site conditions, 
 from which they wet- dropped, in the shade, but need"'hese various types diffTer in the amount ofexploitable timber, (e.g. high inseasonal forest, low in 	
small gaps for establishment and further growth. A
distinction usually is made between 
 shade-tolerantswamp forest), regeneration potential (e.g. great in (primary) and light-demanding (secondary) species
mangrove, slight in keranga), capacity for agricultural (Fig. 2). Seed viability seldom exceeds 
a few weeks.purposes (e.g. low oil the nutrient poor white sands, Dispersal of large secds requires the help of largehigh on recent volcanic alluvia), and potential for animals such as primates, large birds (e.g. toucans andminor forest pioducts cxploitation (e.g. presence or hornbills), gravity and water.absence of canes or bamboos). Secondary forest grows where primary forest hasIn order to avoid costly mistakes in land use been destroyed over large areas, for instance onplanning each forest type must 	 landbe considered as a slips, or in large gaps where several big trees have beendistinct ecological system. brought down by wind or lightning strikes. This is 
distinct from intrinsic, biological(c) Primar),and secodarvforest 	 processes wheresingle trees die and are replaced in small gaps(Whitmore 1978). Primary forest is a mosaic of allForest that has been without human disturbance for 	 phases. The secondary trees usual!y grow fast, producecenturies is usually called primary. It has a high, closed seeds quickly and profusely, and are relatively shortcanopy, from which the tallest trees sometimes lived. The seeds areprotrude. The biomass 	 small and dry, easily dispersed,is reiatively constant: Up to often by small birds and wind, and may remain viablehalf a century may elapse before trees of some species for a long time. They germinate 	in full light on bareflower. On poor sites and in seasonal climates, soil. Such forests cannot regenerate under their ownregeneration is largely by vegetative propagation. cover. Secondary forests are relatively poor in specieslle number of tree species with trunks more than colnparedwith mature phase 'M -s.particularly in the10 cm in diameter is seldom less than l00 per early stages. Th,.y tend to occur as even-aged standshectare and may be up to 180. The nuLmber of all plant ad in patches.spe-ies can he about three times greater. Climbers and A closed canopy forms very early ii- the secondarytrev' cts occur as many species. About half oflthe plant forest, except on dry and infertile soils. Many pioneer 



trees die young tobcreplaced byotherspecies havinga structure and dynamics and can be managed more 
somewhat longer life. Itfprimary torest is near, aniialnds easily titn natural TIM Fs. I lowcver, because stability
and seeds come in from it and graduallN ,t'i-populateof the species coMpOsition is (d'tC n poor, these forests 
the site with the original species. Ohi sect Ola ry forest
under such circumstances th us gives way to prilmry 
forest, 

(d) Intact and altered(arii/icul)/irc.vts 

The patterns of forest (1dnage and destruction ate
manifold, varying wi the agent (nature or Itnli), the 
intensity, frequency, extent of use and the time span. 
"'ittural TMFs are dynamic s.stCiis, With somIIe 
internal renovation dile t) natural IpctrL bations but
leaving tile forest a'sa hole little clia agcd aid the 
system in balance (Whbitmore 1978, 198,2). 

"IhiS halance is disturbcd by intensive exploitation 
such as loo''ing. After timber harvesting, track"; aiid 
gaps are sooa filled by secoiid. ,rvgrt)'xth (lig. 3). thlie 
start of succes.,ion. Silvicuhtural t catinent kills trees of 
many speciei and leads t(o artiticial Ccolo,,ical 
simplification. Species llay be rClloved by poisoiii1g, 
ringbarking or other procedures. 

These impacts restlt tisual lv iii f'ests \vheric OIe 
origil.al structure ainid comlposition are recognizable, 
yet theycannot aslregneratedTII: ice 
they are derived, tloristicallv impoverished ty,'pes; 
called modified forests. Subject to the closencss of 
suitable forest as a supply of animals aiid seed, their 
rLturn to tile nattr,'-ohasC state would take ccituries. 

Following more severe impacts, "altcred 'forest 
seems a beter term to tise than trausl')nrmcd- forest 
wlhich implies conversion. Altered forest can be of 
planted trees, including small stanids of fiulwoCod; 
village and bakyard groves of mixed compositito; 
agroforestry s.,tcims and lirge- scaie plantations. 

Altered forst., have fewer spcetes, a simpler st'id 
F:;.3 Old iirii,t secondary gim,,i, lai it'oytrack \,ith uiLt'im, 

Coa,t. I h1,to clcdit. \V\tF/U. lzahl:.) 
":of 

_'-_,__ . 
.
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must be kept under continuous and vigorous
managcmlent to provide counnrcially valuable timber 
and other plot!icIs. U.ncder proper management 
altered forests can generate uCtnsiderable, sustained 
economic rCtulls. 

Great ecological differences prevail inI the various 
fores! types in relation to speI:ies richness, (legree of
dtaana. suitability !'or utilization, i,:nagen. nt, and 

conversion inLto agricultural land. 1:or each type, 
utilization results ini a difcrent cost/benefit account, 
it- the short, Ii.iddle, dudi lon1, term. Ignoring these
difTerences may lead to un\pected investment losses. 
Nany ilientories of lheworl's foleS resolnce do not 

recog tize these distinctions adequately. No reliable 
strvCy of the \%holeof, the bione is aV'ailablC thiolgh 
needed. -colo',ists iced to define \what such a survey 
slILIld include. The validity of the survey Willvary 
widcl, from one country to another. lhe rceut work 
of' the :A)/tINI.' Tropical lorest Resources 
Assessnent Project (Lanly 1982, 1,)83) is an excellent 
stari. 

The iced forr grtirlld tir thing deserves great 
ebmregardedelphasis. Only in this \way cal detailed maps be 
prepared as vital instrutnients lo ali forms of rural 
deLvelopinejit. Vegetation maps in general provide 
usCfiil da ta, oftCn idiCat: Ig climatic and soil 
conditions, as reflected in the former plant cover. It is 
esscntiai to distinguish between mature intact forest 
and damaged or altered forest. 

Previous /iston, of theforest 

1lle imipact of iatural factors alone oi TIM Us causes a 
niosalc of great intricacy (I)enslow 1980, Hlartshom 
1978, [etouzey 1978, Webb et a/. 1972, 1981,
W\\hitniore 1982). lurther comlpleity arise,: as a restiltIiL in mact. The state of any fotest is tin 
outcomre of atchronological process, whether or not 
man interfered (Ashton 1969, Ilazaz and Pickett 1980, 
Connel and latyer 1977, Conn.ri and Sousa 1983,
Ewcl 1983, Hopkins 1981). It is vital to know if this 
state is one of equilibriur or iot. If rot, the forst will 

Schange in structurc and/or composition with tirie and 
.. it maiy be ilportant fr land and forest mainagers to€.know what sort of'chianges cm be expected. It may hepossible to take advanntage of change, or to steer 

chance in a favoured direction. 

-~ - Since future change is often a continuation of past 

4,1 
change, an uiderstanding of tlic history of a forest 
usually provides a key to the futitre, and the tser that 
may be made of it. lor this understanding, a stanard 
assessment is needed. The standard or "enchniark" 
should he tile most stable, i.e. nost mature, least

'.v damaged parts of the forest under consideration. 

bring about some disturbance, leading to stages 

derived from the stable, mature state. 

http:origil.al


BIOLOGICAL, PHYSICAL AND SOCIAL VALUES 
OF TROPICAL MOIST FOR ESTS 

The 	values of TMF ecosystems and the environment 
consequences of their removal have been reviewed by 
Poore (1976a). 

The significance of TMFs can be summarized as: 

1. 	 Supply of timber: A recent work on tropicai 
timbers of the worhi lists 152 important species or 
genera fo; Tropical America, 120 for Africa, and 
another 120 for tropical Asia and Oceania. Many
of these woods are heavy aud durable (usually
products of veryslo\vgrowth) with a high coitent 
of inorganic matter such as silica, 

2. 	 Retention of soil: While erosion i!; a natural 
process, it is well known that removal of fo> 'st 
cover greatly accelerates this, with %,erycostly 
consequences downstream. These debits shou'l 
be entered in any ost-benehCt account of 
"development" in forest areas. 

3. 	 Regulation of water regime: Any major alteration 
of the forest will result in a change in the water 
quantity, in timing or distributicon of flow and in 
quality of water in streams emanating from the 
forest area. 

4. 	 Influcnce on climate: 'oo little is known with 
certainty about the part TNI l's play in the climate 
on a global scale to dcfine their role accuiately. It 
seems possible, however, that lar,ge-scale 
destruction would tip certain balances 
unfavourably 

5. 	 Source of "minor" products (i.e. all products that 
are not wood): One of the best-known is rattan, ot 
which the stock is contained in the primary 
forests of Malaysia. Others include latex, fruits, 
medicinal plants and resins, in enornious variety, 
It is estimated that about one species in six has 
some use other than timber (L.ca 19,15). 

6. 	 Source of new economic plaits: 'here is a 
potential for new discoveries to 1). made, e.g. 
systematic screening of plants is bein, carried out 
to locate, substances which might help in the fight 
against cancer and other diseases. 

7. 	 Gene pool: Many tropical fruits have their wild 
relatives in the rain forest. They contain valuable 
genetic properties, like resistance to diseases, or 
suitability for certain soils, which could be 
incorporated into cultivated stock by hybridi-
zation, as is already done with many crops like 
tobacco, potato, grains, and some forest trees. It 
is important to protect the wild stock for future 
breeding and hybridization work. 

8. 	 Food aid shelter for animals: Certain animals 
have a vital role in the survival of the forest by 
,,irtue of their role in pollination and seed 
dispersal arid in control of herbivores and seed 
predators. 

9. 	 Shelter and food for hurias: Tibal people 
possess a great amount of traditional knowledge 
of plant properties, which could be put to more 

general use (Lea 1975). These people are part of 
the forest ecosystem; removing them would result 
in irreplaceable losses of traditional culture. 

10. 	 Mlatrix ofe tolution: The YMF has, in the course 
of many millions of years, achieved three things: 
a) produced the greatest diversity of living thingson earth, b) probably retained most ancestors 
from which those forms adapted to cold and 
drought have been derived, and c) developed the 
mechanisms to maintain a huge biomass on very 
poor soils. Evolution should be allowed to 
continue; at its own slow rate, completely 
undisturbed by humans. Artificial genetic 
manipulation should be carried on outside the 
primary forest. 

I1. 	 Source of knowledge: Most of the currently 
available biological knowledge has been obtained 
from less complex ecosystems in the temperate 
regions. Study of the many species in TMF 
systems will unlock a large reservoir of interesting 
and useful facts. 

12. 	 Respect for the creation or evolution: It is hard 
to deny that species of animals and plants should 
have the opportunity to exist alongside people. It 
is equally hard to maintain that plants and 
air;rIs exist onyforthe benefit ofmost humans. 
More acceptable is the assumption of a common 
destiny of people and nature. For most humans it 
is a noble cause to serve and beautify the earth. 
The TMIF svmbolizes nature in optimaforma. 

13. 	 Education, instruction, recreation: Even if
 
animals and plants are denied the opportunity to
 
exist, there is no way of denying a person's right
 
to eU!ucation. From each species something is to 
be discovered and learned. Allowing species to 
become extinct nieans depriving later generations 
of their rights to observe, Understand and enjoy 
nature. 

These values differ and are inter-related. For 
ex:mniple, timber extraction damages all other forest 
values. Values 2, 3, 4, are independent ofcomposition 
aid could be fulfliled by tall secondary forest. Highly 
specific arid bound to composition are values 5, 6, and 
7. These values are proportional to the number of 
species present and can be utilized without damaging 
the forest structure. Value 8 involves plant-animal
relations, developed during hage spans of time 
independent of humans. Value 9 involves the role of 
people such as hunter-gatherers. Values 11, 12 arid 13, 
embody spiritual values, depending on the input of 
human beings. In contract, values 1 arid 5 can be 
expressed directly in terms of money, although 
mutually exclusive to a large extent. Sonic values 
mainly beneftit people nearby, nanely 2, 3, 4 aid 8, 
while other.,, have greater implications e.g. 1,5,6,7, 11, 
12, 13. Sonic of fhe values are still waiting for 
increasing utilization in the foreseeable future, e.g. 6,7 
and II. Value 1,0 extends into the indefinite future if 
enouili forest can be saved from logging. Altogether, 
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the vision of TMFs as a mere quarry for timber seems 
an insufficient basis for responsible planning of their 
use. 

Levels of Utilizationcf Tropical Moist lorest 

Because many different elements making up a TMI-, 
can be removed or damaged through exploitation, the 
level of intensity of disruption can vary 'rom removal 
of a 	single fruit to clear-felling for wood chips. Some 
examples of classes of utilization are: 

a. 	 comnercial 1ogging 
b. 	 shifting agricU!ture 
c. 	 minor forest poducts harvesting (including seed 

collection) 
d. 	 hunting and gathering 
e. 	 tourism 
f. 	 scientific research 

These are not arranged in order of d,-creasing 
intc.ns'ly of disturbance since that depends on severity 
of cutting or harvest and the method by which it is 
carried out. 

a) 	 Commercial logging 

This may be carried out by clear-felling or selective 
felling. Clear-felling for wood chipping, or othcr forms 
of "integrated utilization- where all stems are removed 
is often a precursor of conversion to plantations or 
non-forest uses. If not, the forest may regene' .te, but 
with secondary species. Iabitat for much of the fauna 
is also altered. Several published studies of intensive 
logging all agree on the physical damage and great 
changes in stand composition caused, 'out disagree on 
the length of time needed for the forest to return to 
ecological ba!ance or to a sequence of pre-existing
natural dynamic processes. 

Selective felling is the practice of removing only the 
commercially valuable trees, which usually are in the 
minority. Whil: past s-lective felling may have left 
only small gaps which regenerated in a few decades, 
now it is often accompanied by silvicultural measures 
of cutting and poisoning, creating I r:er gaps
favouring regeneration of the few most desired species 
while controlling the undesired species vhich are 
usually in the majority. 

The method of felling also determines the degree of 
impact. Mechanical logging (Fig. 4) requiicj roads to 
bring in heavy equipment and take out logs. Making
skid trails and skidding large trees cause damage to 

undergrowth containine the regeneration potential of 
the stand, disturbs soil, impairs water quality and 
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Fig. 4. Mechanical logging Malaysia. (Photo credit: WWF/K. 

Scriven.)
 
remaining vegetation because less roading is required
 

and rio heavy machinery need enter the forest. Logs are 
airborne, or at least partly airborne, on the way t1) tle 
landing. Un fortunately, cable systems are often used to 
log 	 steep country not otherwise accessible, thus 
coptributing to alteration of forest which should 
remain intact to prevent erosion. Cable logging on 
hilly topography sometimes has caused as much or 
more damage than skidding by tractor. 

Logging using handtools or animals (bullocks, 
horses, elephants) is less destructive that mechanical 
neans. Kauri (A-,athis) in Borneo spontaneously
regenerated after hand-logging, but failed to do so 
after mechanical logging. Yet, in nature restrves and in 
p~otection forest, considerabl damage has be.n 
detected due to hand-logging. Nowadays, hand
logging is regarded as economically f'asible on a 
commercial scale. Mantal cutting is still carried outby 
Fig. 5.('ble loging, Jengka Triangle, PeninsularMlalaysia.(Photo 
credit WVF/NI. Bijlevekd.) 

*.: " 
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alters the composition and struIcture- of the remaining-s. 
forest. Selective logging by mechanical means maycause more disturbance per unit of wood removed and ,5,e 
be more serious in the long-term than localized clear 
felling 
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logging (Fig. 5) is advocated because 
to cause less damage to soil, litter 

it is 
and ....... ,. 
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local communities during fulcwood gathering, lopping 
for fodder and obtaining round poles and buildingtimbers. Charcoal-making can be carried on by hand-
logging. Trees with suitable wood are usually cut into 
small bill.ets, and converted in primitive kilns. 
Charcoal contains more calories per unit weight, and is 
easier to transport than wood. Much in demand as a 
source of energy for cooking, its exploitation is 
practised in many places on a small-scale. The impact 
on the forest is less severe than road making to allow 
access of plant and equipment. 

Aerial logging (lifting logs out of a forest by
helicopter or balloon) has been advocated as a 
desirable alternaive to extraction on the ground.
However, such an expensive procedure would force the 
selection of superioi logs only (high monetary value 
per unit weight or volume). Commercially inferior logs 
would be left, adversely affecting the genetic
composition of the residual stand. On the other hand, 
aerial logging would reduce erosion and sediment 
problems. 

b) Shifting agriculture 

Recognition should be given to two types of shifting
agricultural practices. One is a traditional, low 
intensity, sustainable form of shifting cultivation 
which has been practised for many generations, 
initially involving the clearing of primary forests but 
afterwards based onl a secondary forest fallow system"
(Figs. 6 and 7). Under such a system, it is the fields or 
cropping plots that shift around not the people. The 
other is a destructive form of shifting agriculture in 
which the people move as a wave and keep clearing 
new primary forest, staying on only until it is worn out 
and the land degraded, then moving on to clear more. 
Although tile right to a certain wayof life of traditional 
people who use the first-mentioned shifting agriculture 
system as an ecologically sound form of land 
utilization, its destriuctive form is not sustainable and is 
to be condemned. 

c) Alinor' forest products harvesting (including seed 
collection,) 

Minor forest products harvesting seems very
compatible with tie character of the TMF as a species-
rich system on a mostly poor soil. From many species a 
little quantity of highly valued material is taken,
leaving intact tile forest structure, the soil, the nutrient 
cycle and, if whole plants are not removed, the species
composition as well. However it is still possible to 
over-exploit, as in the case of over-cutting of rattan in 
some parts of Asta, in which whole plants often are 
removed. 

Collection of seeds of commercial species for 
cultivation elsew\here seetrs harmless if a complete 
crop is not taken. The species can he tiniber trees,
medicinal plants, ornamtte ntals, fruit trees, or rattans. 
The forest acts as a reservoir of genetic material, which 
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Fig. 0. Slash and burn on the outskirts of Dunlop N.P., North 
Suhiesi lndtnesia. (Photo credit: WWF/M Dtpraz 
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Fig. 7. Forest destruction, East of Madagascar. (Photo credit: 
WWF/J.J. Petter.) 
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Fig. 8. Alyriah'T ihporudoxa, a rattan, Gttnung1 Stong, Malaysia. 
(Cmrtcsy \V\F/IIJCN International, and T.C. Whitmore.) 
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ig.L 9 . Sorting rattan;orientalaane woks Singapore. (Photo creit 
\V\F, and T.C. \Vhitmore.) 

Fig. 10. [ turnters on" Siherut shout the four endemic species ofcan be tapped forever, ifgiven full protection and if the primates with ras and |;\isAnd arrow, hut eplitatioAn isarea is large enough to contain viable populations oft contjie hiy Ii ed npii s'.ic f ttoiiai earitas s.a dall the species in it. Species from tropical American pthteheli'di lraefrtosnsofcr.
 
rain forests grown successfully elsewhere on a
 
commercial scale include COCOa. kina, rubber 
 and
vanilla From Malaysian TM -rs many tin~e tropical r) l/ounrinfruit trees andl rattans (Figs. 8 and 9) have "been Tourism ordinarily does not reduce the futnctions ofobtained and from African forests have comne coffee the forest in p~rovidin soil protection and other values,and oil palm. unless roads or heavily ttsecl trails arc employedl (Fig. 

12). tProblems cau~sed by the developing of facilities ford.) Huntig ant Garhering large numbers of visitors (camp sites, picnic areas, 
sporting areas, accomtmodation, waste dlisposal)Hunting andl gathering (wildlife harvest) is very similar ge nerally can be controlled by adeqtta te planning andto minor forest products collecting, except it is done by siting these facilities on th~e tiargins of intact forest. 

tribes who use the produce of the forest only for 
themselves (Figs. 10 and 1!). "luc~re is no regular.1 u'nJThwhchannel with the otttside world through which / Sd'tice'ac
materials leave the forest. This means the nutrient Scientific res'a i-el aIso can be regat ded as a form ofcycle of the forest is not depleted, an important t u til ia tion . StialIIton-dt srae tive experiments wvill dodifference in regionis with poor soils. lDistutrbances ci n1-o datiage to speak of (Fiig. 13). Study tif vi rgitn foresttherefore be presumed to be so slight as to inflict no is essential for the developm~ent of m~anagenlentdamage on the forest, at least while Itumanl popula tion mte thIod;, for whichi lie proper base-Ili te diata must be
levels remain within reasonable bounds. Unfortu nattely, available.this is increasinigly not the case b~ecatuse of rapidly tI ve represe ntative cateutork.,s, itneorpora tinrg sonicgrowitng populati ots both with in and around nunarginus of thit levels of tIiiza tiotm antd hitpict gi\ en a hove, areof remaining TMFs. takeni up itt thet detailed discus.sion itt the following 
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Fig. I1.Deer hunting, AM Islands, M 4touccaS, (PhiotoI d nc ,ia. 1.I. (_'hodis Reser'. (Photo credit: WWI.)

credit: W\VWF, and CIT-S.)
 

sections. Tley are mechanical loggilig, lanual cutting, Fig. 13. Two scienti ts using the aerial walkway 30 metres ahoe theminor forest prod ucts harvest, wihl life harvest and ground in the canopy of lowland tropical Irest in Panama. (Phoorod~tS arvst,mino foest ildife arvst ad oartesy WW\\'1)shifting cultivation. 
., 
 - .,' r, 

IMPACT OF VARIOUS TYPES OF UTILIZATION 
ON BIOLOGICAL VALIJES ofh bo is 

'MFs Xare the most diverse ecological syst.lnis oil earth 
(Unesco 197S). liological riclhess of this bione is 4; 3 
greater than any other, with almost half of the carl h's z..
 
estimated 5-10 billion species occurring on less thantell
percent of the planet's surface. "I'MFs are less known .:
 
to scicnce than any other bionic. The great majority of 
species have little Little ishCen documented. 
unuerstood of the basic community dynainics and 4, .... 
energy flows, but some general principles arc 
understood to be important. 

.:-
Since it is usually the vegetation which is the raw 

material being harvested the main problem becoMesone Of assessing the impact onl the pow.ntial of 
remaining vegetation to recuperate. All of the 
vegetation mnst be considered, not only the 
commercial specics, but also the herbs, vines, shrubs, \.."A 
pahns, epiphytes and non-commercial trees. -his 
should bc followed by an examination ofithe impact on 
oth.r parts of the ecosystem like soils, water and iit
animals species. 

a) Speci. s richnessand diversiiv (nmbers ofdffeint F",..4 
speciespresen) 

Numerous scietists over the last decade (Goal -z-
Pompa et a. i972, Richards 1973, Farnworth and 
Go~ley 1974, Whitmore 1975, Myers 1976, 1979) ,
have c,lled attention to the loss and potential loss of 
species due to modification of TM Us. The potential '!dangers called to attentiont arc very real ones and they "''
 should not he d isrealed i tining fr wise 
managemenlt and use of TUNI s. 

.- I-h 
The less a tract of' forest ias been subjectcd to

damaging factors (eitlicr natural or ma n-made), other 
than very small natural dist urbt nccs, the closer the 
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Loss of species has potentially severe consequences 
- ,,,* ! in TM Fs for two reasons. One, TMIs contain so many

species that loss of forest is likely to result in loss of 
more species than would be the case ifan equal area of 
temperate forest was lost. Second, TMFs art: much less 
uniform in space than are tenperate fot ests. Theref,.jre 
removal of a certain patch of forest wiil remove from 
there a particular combination of specie', which is 
much less ikcly to reoccur elsewhere in space than 

.would be the case in temperate areas. 

i 
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Fig. t t.Light-loving secondary growth. (Photo credit: WWF,"U. 
Rahn.) 

number of species in it approaches the maximum that 
is there possible. Presence of' all size classes and age 
groups in each and every species are important criteria 
of integrity or richness. The more species an area 
contains, the greater is its preservation value and the 
greater the number of reasons to protect it. Endemic 
species have high biological value since they are more 
likely to have evolved special mechanisms and 
properties while adapting to that specific site and are 
thus more likely to provide something useful to nature 
at that site and to human wel'arc off-site, 

More preservation value lies in a tract of forest 
originally surrounded by a much larger adjacent area 
because of the greater probable number of species that 
would have moved into the residual part during slow 
contraction of the surrounding areas. Proven refugia, 
where during the ice ages of the Pleistocene, rainforest 
survived as small patches like islands, are likely to 
harbour concentrations of species. More species are 
likely to occur where there is more vaiation in 
topography and soils within refugia.

It is important to emphasise that refugia are unlikely 
to occur naturally ever again in TMFs because the 
depletion of habitat is proceeding very rapidly and 
measured in decades now rather than the millions of 
years which preceded the ice ages. They cannot 
artificially be created, so representatives of those 
refugia which did occur in the past should be 
protected. 

Owing to the difficult and slow dispersal of many 
moist forest tree species (caused by large seeds and 
woody habit), geographical barriers, like mountain 
ridges, oceans and wide rivers hold back large numbers 
of them. This makes iLprobable that each river basin 
has its own different TMF flora and fauna, with its 
own share of endemics. Off-shore islands represent a 
similar case. 

Logging can cause considerable reduction of species 
representation locally, not only those that are 
harvested, but also other numerous species of 
undergrowth, epiphytes, lianas .1nd so on killed by 
falling trees, or during skidding and hauling. A figure
is widely quotcd that to harvest 10 percent of the 
wood, so much of the canopy is destroyed that a mere 
25 percent of it remains. These fii dings fr, m Malaya 
have been confirme, in Sarawak, wherc ,i cut of 6-8 
trees per hectare left only 21 percent o the forest 
intact. W.ile these losses are mainly of individuals of 
certain species, there is al\vays the danger of 
irrevocable loss of an entire species. 

It is also common, in certain silvicultural practices, 
that the undesirable, non-commercial species ire 
girdled (Meijer 1968). In the past, they were also 
poisoned but use of poisons has decreased in recent 
years. Removal of undesirable trees leaves the logged
over area more open, thus paving the way for the 
invasion of weed species on bare areas. At the same 
time, however, it has the commercially desirable effect 
of retaining most of the ground cover and creating a 
favourable environment for seedlings of many high
value timber trees. All of the species depleted due to 
poisoning and girdling are potentially of economic 
value and many of them also ,ire unknxwn to science, 
'.xhich is an even greater cause for concern. 
Where patches are removed from the canopy, the 
undrgrowtl is exposed to increased radiation. Light
loving secondatmy grovth accelerates quickly 
competing with any shad-loving seed!ings remaining, 
so the entire regeneration cycle has to start afresh (Fig. 
14). This seriously reduces the spa ceavailable for the 
primary forest species for decades, and is thus likely to 
result in the disappearance of many species from the 
logged-over forest. Counts of trees may not reveal 
serious losses, Unless they include the rarer species and 
all the other life forms which may play a vital but less 
conspicuous role in :h forest ecosystem. 

Intensive logging results also in the loss of habitats 
of certain animal species even though it creates new 
habitats for otihers. Many ani ma!s are tolerant to a 
certain degree of disturbance, some are intolerant of 
any disturbance, while others thrive welt in seral plant 
communities. Lojeging, therefore, can change the 
animal species coinposition and the change is 
proportional to the degree of disturbance. There are 
localities where logging has increased the popfilation 
of past species, e.g. malaria vector mosCIniitos and rats, 
with undesirable consequences. 
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During the extraction of timber, scaric nutrients are
carried off with the !ogs, disrupting the delicate 
recycling process of inorganic matter. As a result, less 
nutrients may become available for future seed
production, which in turn will be a setback for the
larger animals, and will interfere with dispersal and 
natural regeneration of certain plant species for a very
long time. Whole tree logging (removal of bark',
branches, foliage and sometimes evin roots from tile
site) causes even greater disruption to the nutrient 
cycle. 

File great majority of bird and niamnalI species
requires the presence of undisturbed habitats for thir
survival. Communities ofs;ich animal species have not 
evolved in aild canot sur'ivC in tile illuchll less coinmplex
environments that develop after forests have been 
felled (Medway and Wells 1971) (though they may
return fairly soon if suitable alternative habitats arc 
kept intact nearby for shelter). The aiount of land
required for survival of populations of 5WO)0
individuals(an estinmatcdlowcrlimit populltionsizeto
maintain niost vetebrates) of ele'en spcies )t"birds 
and ma mials in tile Malay PeninlsulIa is eSt ilmaLd to 
range from about 250 sq. km to I0,000 sq. kill. 
Consequences of pres.-rving larger areas should
therefore be ta ken into :ccou nt during pla ningi1 of tlie 
use of the TM F resour e.

There is sufficient evidence from sttudies of bird
populations to suggest species richness will decline as 
forest is divided 

over the optimal sizes and configuration of protected
areas and what takes place in patches of TMF of 
various size and shape that become isolated (Diamond
1975, Terborgh 1975, Ranncy etal.1981, Lovejoyetal.
19 83a). However, there is no argument over the
assertion that, as total area of forest is reduced, the
number of species present will eventually decline 
(Terborgh and Winter 1980, Lovejoy et al. 1983b).

It has been reported often that when forest is
selectively logge,, about half of the aninlals move out
of the forest. Some may take temporary refuge in
surrounding forests and return when tile cutting has 
been completed. But if the logging is extensive, the 
surr, mnding forest may not bc able to absorb 
inliliigiants. If the logging is clear felling, the habitat is
altered so severely that most animals, particularly the 
arboreal species, are displaced for a long time.
McClurc and Othnian (1965) reported that, in the 
Malav Peninsula, destruction of forest resulted in great
changes in the bird fauna and that theremainingforest 
was not able to absorb those displaced. This is
:attributed to situations where the remaining ha-itat 
does 110t sa tisfy (or does not correspond tc) the niche
reqttiremeriltt of the species displaced, or where it is 
already fully occupied. DispLaced birds will wander
aound searching for Isuiabie unoccupied habitat, or 
die. 

Primate species composition is upset drastically by
large-scalI logging. In Uganda, Struhsaker (1972,into small patches or tile area of :1 1975) observed that black and white colobus arelarger pa:ch is reduced (thcory ofisland biogeography, benefited by disturbance, but, insee MacArthur and Wilson 1967, Myers 1979, Lovcjoy 

contrast, tile red
colobus (Fig. 15), common in undisturbed forests,and Oren i',I, Lovcjoy 1982). There is athll debate becomes uncomlilon in logged-over areas. A similar 

Fig. 15. Rare \VcscJ n i L ! O11111s Icapiill, tlo iji1t, ca nop\'(i(C, hiu l iaNat iotm Park, (hana hirli tbrest. Photo credit:WWF/C. Martin.) 
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Fig. 16. Male Wreathed flornbill (1hyticer,, w dua us), ia, 

Indonesia. (Photo credit: V\VF.) 


situation has been reported also ;n Borneo. This 
change is due to the disruption of aerial pathways. 
Many species will not descend to the ground, except in 
emergency situations. Clearing of the canopy 
therefore, will deprive tile animals of their thabitats 
which otherwise contain all resources required for 
their survival. 

Many other forest animal species have v'ery
specialized requirements. The Southeast Asian 
hornbills (Fig. 16) require large, hollow trees for 
nesting sites (McClure 1968), and Puerto Rican parrots 
build their nests only in large ho!low specimens of a 
single tree species (Wadsworth 1975). Many other 
species may have very specific nesting and fecdin 
habits that requ!re specific habitat conditions, and 
these species undoubtedly will be ;:fccted seriously by
intensive loggn. 

Where intensive logging is not carried on, often 
some forms of "stand improvement" or "silvicultural 
measures" are tried. These measures, which do i. t 
always include felling of timber species, often cause 
considerable damage, even though they are usually 
careiLIly administered. One standard beasure is
climber cutting, this removes about 10 per cent of tile 
flora, among them many medicinal species, e.g. in the 
families Apocynaceac, Connaraceae, Leuminoseae 
and Menispermaceae. Strargling figs (Fig. 17) are alsokilled. In Sumatra these figs are known to provide the 

staple food of orang-utans, important seed dispersers. 
Another method is that very large unwanted trees are 
poisoned and/or girdled. This seriously interferes with 
the functioning of the forest by limiting availability of 
food and nesting facilities for larger animals of the 
canopy. It also alters the habitat for most of the 
epiphytes, among which aire quite a number of 
ornamental orchid 5 and ferns. Many smaller trees 
(including fruit trees and their wild relatives) are 
removed through "liberation thinning". Altogether,
large numbers of species are threatened by these 
practices. 

A similar result, but of smaller magnitude, is found 
after the lopping of branches for fodder or fuelwood 
and other types of manual cutting. 

I larvcsting of in inor forest products has inuch ls. 
impact on species richness, unless a commercial 
markec dempand leadts t, over-exploitation of one or a
few species, e.g. ratran in palts of Malay'sia and !he 
Philippines. in fact, way of harvesting was the 
traditional method of xploiting a rain forest until well 

the 19th century. I\, coMilparison, logging for a few 
highly prized timubles is a crude, ineficient way ofutilization, becauise itaf takes uIses aiirgclnlle hil,;dtl Of SPecies$out many, out am11ounts of scarce 

minerals, and destroys or alters lairge part of the 
ecosystem that produced these valuable timbers in thefirst place. 

forest products collecting can cause damage 

e.g. by o\'crtappiing latex- or resin-producihn trees 
(Vig. 18), or carrying out the tapping incorrectly orcarelessly, or overha rvesting of bark, removing oi 
tubers, orchids (Fig. 19),oranimalsinmorethansmall 
quantities. -icavy rattai-pulling can also lead very 
easily to degradation.

Harvesting activities of hunting and gathering 
peoples are th ought to have little effect on species 
composition provided whole plants are not removed. 
I lowever this is probably not true for hunting,. TIF 
of Africa are remarkably poorer in some species than 
those in Amazonia and Malaysia. One cause might %eil 

Fig. 17. Strangling Fig, laitgoko Nature Reset e, North Sula C, 

hidoncMda. ('hotto credit: \V|V/N. tlXpraz.) 
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in intensity from contin.ent to contincnt because of 

differences in the forest makeup (Nicholson I958,

Redhead 1969, Wyatt-Smith and Focnander 1962,

Mensah 1966, Fox 1968b, "linil and 
Pd lencwICNI 
1978) or because of differences in nechanical 
equipment used in log. ing (Serev, 1949, Walton 1954,
Nicholson 1963, Fox 1968d, 1969, Russell 197-1,
Blanche 1978, Rapera 1978, Burgess 1971).

Genetic diversity is adversely affected by geceti,:
erosion caused when la rge, straight trees with sound 
boles are removed in preference to other individuals 
with (commercially) less desirable characteristi- The 
less desirable ones are the ones lef' to provide scel for 
the following crop so that a nt rrnally ldistributcd 
spectrum of variation of certain characters within a 
species nn longer exists to take its place in contributing 
genetiw material to future generations (Blanche 1978).If more kinds, and sizes of trees are logged illtile 
future this type of genetic erosion may be -minimized 
because the effect will be spread mnore evenly and 
widely. Manual cutting for fuel, provided whole stens 
are not removed, will have very little e'fect on species
diversity. However, if certain trccsire selected for their 
particular usefulness as fuel and branches are
continually lopped so as to prevent flowering and 
fruiting this would have the same effect as favouring
certain specie:; for timber. The sitution with gathering
of minor forest products would be similar. The effect 
of wildli,'e harvest could be either positive or negative 
as regards geietic div.rsity. Vigorous hunting and 
trapping weald tend to eliminate easy-to-c: tch 
members of a species. This would lead to the reverse of 
tile effcct found with selecting only the comimcreilltv 
valuable timber trees. Instead ofthe "worst" nemtbers 
of the aninial species being left in the forest, the "best" 
are left behind to reproduce. Much depends on the 
hurnan point of view: the weakest individuals ma y
have tender flesh ("best") while the strong ones may
have tough flesh ("worst"). 

Traditional shifting cultivation, with its clearingarid
burning of small patches offorest in random locations,
usually does riot discriminate among individual 
members of plant and animal species, therefore, is 
unlikely to have an adverse effect on genetic diversity, 

c) Gene pool of potentialdirect use of Itntan beings 

There can be no doubt that adding to the incoimplete 

of benefit to the world. Despite limited knowledge
about genetic reservoirs, Myers (1976) believes it is a 
statistical certainty that TMtEs contain source 
materials for many pesticides, medicines, contra-
ceptive and abortifacient agents, potential foods,
beverages and industrial products. le goes on to state 
that the specialized genetic characteristics of rmany
localized species are of particular value for human 
purposes, yet these attributes are associated in many 

whiclh form under conditions of high rainfall coupled
with high, uniform te inperatures and high rates of 
organic matter turrnover are tightly linked to the 
vegetation growing on then. When that link is broken 
through harvesting or otherwise modifying the 
vegetation, the soil characteristics chanc. Not all 
tropical soils are the same. Some can withstand 
enornous abuse ind sitill support luxuriant vegetation,
others are extremely sensitive and, if disturbed, can 
support only a less productive and less diverse flora. 
Because of potntial irreversibility of the changes
which can occur in the soil under TMIFs, forest cover 
holds a principal position in maintaining long-term
site quality and must facature prominently in land 
classiication and land-use planning.

Some parts of the tropics are characterized by high
intensity ra irfailI over short (stoii) and prolonged
(monsoon) periods. Oii sloping land, potential for 
erosion by water is very high. Any forn of forest 
utilization which removes the vegetation and exposes
bare soil to impact of raindrops and surface movement 
of water can produce both on-site and off-site damage.
The extent of damage is tied closely to how long the 
area remains bare before recovery and this tends to belo:,gcr in drier parts of tIre tropics and wheredisturbance is continual or at frequent intervals. In 

instances with restricted range, precisely the factor that 
miakes them vulnerable to destruction. 

Indiscriminate harvest ofcertain species, regardless
of knowledge of their characteristics, could potentially
lead to a1loess of valuable genetic information for all 
time. 

All t ypes )ftLtiltiat in, inechaiical lo-ging, manual 
cutting, 10inor forest pr,'oducts harvest, wildlife harvest 
and traditional shifting cultivation have the potential
to alter or even destroy gene pools, particularly of 
species which are propagated sexually and dispersed
by seeds, since the seed is the p:ckage containing all the 
genetic code of male andthe fcnale parents. The 
destruction of species before sexual maturity' and the 
gathering, cooking and eating of fruits, nuts and seeds 
thus could have tsevere impact on the gene pool. 

IMP CT O1AVARIOUS TYPES OF UTIZATION
 
ON HYSICAL VALUI.S
 

)Soil shihlt a21tprotection 
l)eep, well weathered, mostly acid, tropical soils, 

knowledge of the species found in TMFs is certain tC., general, the propensity f'o)r danage ont any bare area,result in the discovering of new processes and prod acts will increase with increasing slope, given the same soil 
characteristics and tilesame rainlirll pattern. More 
than lowland forest upland tropical moist forest is in 
general vulnerable to the impact of utilization with 
respect to its decreasing soil protective function. 

Scientific rcscarch, seeId collection, hunting/
gathering, tourism and minor forest products
harvesting ordinarily do not reduce the functions of 
the forest in providing soil protection, utnless roads or 
heavily-used trails are employed. 

18 



4 

Traditional shifting cultivation done on a criminate use to accelerateof fire tends the rate of
sustainable basis, in which short periods of cropping degradation.
oil small area,: of one or two hectares are followed by Cutting of the trees themselves has minor impact on
long fallows, initiates some on-site erosion during the the existing erosion conditions prevailing under
cropping period. However, erosion material is trapped undisturbed forest, except on steep slopes. It is not tileby the downslope fallow area and seldom shows up as number of trees cut or amount of canopy removed perstream sediment unless the cropped area is adjacent to se thaz causes loss of soil stability. It is the way in which 
a water channel. When traditional stable shifting the wood p-oducts are removed that has an important
agriculture is rephced by the wnstable form of negative impact. Logging as currently practised in the
productivity-degrading cropping (usually for cash tropics pays scant regard to proper techniques of crops rather than subsistence) then the, soil protection locating, creating, maintaining and retrieving such
function of a quickly re-establishei6 cover is lost. soil-disturbing activities as skid trails, roads and log
Serious erosion and sedimentation have been landings (Fig. 21).
accompanied by nutrient decline. Degraded forest or A network oftrailsand roads removes the protective
savanna has actually replaced T"I F under the litter and ground vegetation cover, rendering much of
influence of unstable shifting cultivation. Indis- the area susceptible to splash erosion, sheet wash and 

Fig. 21(). Tree cutning. (Illoto credit: \\F/C. M rn.) (b). Rain 
forest destniction: felling of a giant tree, Tat region, Ivory Coast. 
(Photo credit: WWF/1J. Rahm.) (c). Loader with logs, Malaysian
rain forest. (P1hoto credit: WF/G. Davies.) -
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even to gullying. Following logging, the soil protective
functions of the TM F are markedly decreased, and O-
site erosion occurs. On-site erosion can result in off-
site problems such as increased sediment loading of 
streams emanating from the exploited forest. Sediment 
increases can: 

- destroy or harm aquatic life i n!udin g fish; 
- impair water quality for tloVistream coimmuni ties; 
- accelerate sedimentation of reservoirs and lakes; 
- raise stream channel beds in lower reaches thus 

aggravating flooding problems; 
- create stagnant pools which provide habitats for 

vectors of disease; 
alter sedimentation regimes of important estuarinc mangrove areas'to their detriment. 

Extraction paths (including skid trails and 
secondary hatil roads), yarding lanes and log ramps 
occupy an appreciable area of logged forests. The area 
subjected to this kind of severe disturbance vare,; from 
15-50 percent, but is typically about one-third of the 
total logged area (Serevo 1949, Nicholson 1958. 1965 
Redhead 1960, Hlartawinata 1978). There is no 
doubt that areas wheit soil is severely disturned by
machinery recover very diff'erently from rcatively
undisturbed logged areas (Nicholson I1965, Fox 1968a, 
b, c, d, Meijer 1970). 

The bared areas which cause the problem,, may be 
revegetated gradually by natural means, so that, ovcr 
time, the soil protection ftnctiuon ii restored. The 
length of time will depend on climate and whether or. 
not theie is subsequent di.,turbancc such as fire, 
grazing or cultivation. Very svere gu liesamd landslips 
may remain, actively cutting and producing sediment 
for decades. Much of the decrease in soil protection
function can be prevented through modifications in 
logging practices. Among these physical mneasrll'eS 
would be: 

- reducing in size machines Used and lChoosinlg 
carefully the method of traction (e.g. metal tracks 
or rubber tyres); 

- using aerial systems (hi-l, line, helicopters, 
balloons); 

- locating tracks and roads with less steep gradients; 
- using water bars and outsloping on roads;
- keeping skid trails out of stream beds; 
- reseeding or replanting bare areas artificially, 

immediately; 
- maintaining uncut buffer strips along streams toact as sediment and nutrient traps. 

These factors and others are trcated in a logging 
guideline section of the FAO publication "Guidelines 
for Watershed Management" (FAO 1977) and in an 
Appendix in Hamilton and King (1983). 

Such measures should be required in logging
concession contracts, if the soil protection function is 
to be maintained at the highest level. Improved
trp:ning and supervision of machine operators are 
both necessary. All this may increase costs and will be 

resiste', by coiiinrcial k .s- of, M [1, i1tit more 
careful ailysis by loggers may often reveal that "so:l 
conserva1tion Iogig"' actually reduces their overall 
costs. 

Some steep, critical areas prone to Illass wasting 
cannot be logg,,~cd, even with great care, without the risk 

of soil creep or landslides. I ven cutting trees, without 
logging, can tgri problems, as the roots decay and 
shear strength of soil layCs is reduced (O'Loughlin 
1974). These critical areas should reimiain tinder 
protection forest. 

19 Soil fi'rtilit' 

The TMIF owes its namesustains to the wet climate thatit: annial rainfall ranges between 1500 and7000 m more or less evenly distributed over tile year.
The rain dissolves quickly most of the free inorganic 
nttricnts, taking them always downward through or 
over the ground *o the streanms. Since the soil has been 
leached to such a great extent, the main source of 
nutrients ill TMIs is the decomposing biomass from 
where tile nutrienIts arc rccycled (Ulite effectively by
flora and fauna. Thus, stream water is often almost 
free of dissolved salts in mature, intact forest. 

Many stirface soils oft lie hutmjid tropics owe most of 
their cation exchamge capacity (C'C) to colloidal 
organic niatter content rather than clay. 

L.oss of nutrients from a site is dctrinental and 
irreversible unless massive inputs of cnergy and 
artifical fertilizers are used (Coulter 1950, Riquier 
1953, Popenoe 1959, Cunninlgham 1963, Nye and 
Greenland 196, Kellinan 1969, Soerianegara 1970, 
-- el 1976). 

Soil organisms arc important in nutrient cyclingand
deCeloping soil physical properties intd are often 
directly involved in tree nutrition in TMFs as 
mnycorrhizac (Singh 1966, Went and Stark 1968, Stark 
and I lolley 1975, .anos 1980a, b). Site modifications
 
following l)gging and widespread unstable shifting

cultivation cotuld alter drastically the mvcorrhizal 
fungal popttions and aflect recovery and growth of 
vegetation. 

The limited ntmber of studies on micro-organisms 
other than mycorrh izae (bacteria, fungi andarthropod
popolations) indicate these decrease following site 
disturbance (Cook 1909, Coulter 1950, Meiklejohn 
196?, ILasebika. 1975, Blanche 1978) though those 
findings are not universal (Aspiras, cited by Blanche 
1978). Of particular importance are nitrogen fixing
bacteria, since nitrogen is frequently a limiting factor
in tropical forest growth. The few studies available 
indicate removal of vegetation has an adverse effect 
(Dommergues 1954, Meikiejohn 1962). 

Tropical mic,'-o-organisms in TMFs possibly are 
more susceptible to site exposure than temperate ones 
because commonly they lack a resistant stage in their 
life cycles to enable them to survive temporarily
adverse conditions (Ewel and Conde 1980). 

Scientific research, seed collecting, hunting/ 
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gathering, minor frest product harvesting, and 
tourisn activities in TMFs normally do not seriously 
affect the fertility conditions of the for :st. 

Shifting agriculture of the traditional, stable type
has been carried out for many generations without 
apparent decline in fertility and productivity. While 
nutrients are lost in the cutting and burning activity, 
the short pcriod of cultivation and the long fallow 
enabled these traditional (tribal) people to shift 
(rotate) their plots, a1d coltillue forest farming in tire 
same are:a, so that the, themselves did not shif. 
(migrate).

Nutrient loss dire to leachiii' is riot aa
rae.Numerous studis i a r

dealing with traditional sift in TcIurtivati on ard its 

associated failow vegetation, indicate nutrients 
immobilized in regrowth and fallow soilapproachZ those quicklyfound under mature foest (Joachii

Sniedakr7
Branis 1973, Harcombe 197, 1977a), Goll y et a 
1975). 

Whether some of the leached nutr,.'its Carl be 
retrieved by (feep rooted plants depends on soil texture 
and depth. Sucii uptake is less likely from fine
textured, deeply-%eatiered soils which are imperfectly
drained, rnrient poor anidl. have most roots only in tile 
upper 10-15 cm, than from, sandv, well-drained soils 
deeply penetrated by roots, 

Unstable shiftirig Cultivatin %ich is crreitly a 
major feature of tropical Iarid rise is a completely 
different case. In these systerirs, the cropping period is 
extended (usnally with the prodiictiol of 'a single
.species calsh crop, e.g. pirncapplcs), ad lthe lbllowis not 
long eriough to permit restoration of the ut rient 
status. It is often accompanied by sClious erosion 
which further reduces the produclive Ca pacity of the 
site. Derelict lands requiring hundreds of y'cars to 
return to productive, thougl' altered, NI F are a 
corlilion consequence of tiis practice. 

Commercia timber or ltiilcwi'rod extractioi also has 
a potential for impairing f Srtilitysatus.Felling oftrees 
and disturbance of litter during mechanical logging
breaks the closed nutrient cycle and leads to losses of 
nutrients from the "matue" rainl' rest system, inl 
which most soils are inherently infertile (only ",,oung" 
soils still mderl-oing the process of primary
weathering arc inherently fCrtilc, e.g. volcanic alluvia).

These nutrient losses can be minimised by careful 
logging practices such as the following: 

i) there must be a miimum of ;itter disturbance by' 
machinery through preplanrning of optimum 
extraction routes and careful choice of machines 
and techniques; 

ii) since burnillg helps to ruobihi, e nutrients and 
destroys tire biological nutrient cycle, there 

to decompose naturally, as proportionally 
smaller amounts of nutrients are removed inl 
wood alone; 

iv) increased utilization of "waste" wood (branches, 
broken saplings, roots) which may, at first glance, 
seem to be more effective use of the resource, 
should be avoided as it could remove sone of the 
physical protection of the soil and represent a 
greater nutrient drain on the forest. 

if bu ing is used after login t 
f i s t c 
fequetly in the hifting cultivation cycle, nutrients 
tied up in tie debrs are released and maybe lost due to 
leaching and runoff (Brinkmann and Nascimento 
!973). If regrowth takes place rapidly this loss is 
riniral. 

Ii addition, anyv erosion which occurs due to thle 
logging techniques (see previous section) carries with it
nutrients which should stay on-site and the localfertility status is thereby reduced. Fertility could be 
restored by application of fertilizers but this would be 

Nery expensive and would be ineffective without 
restoring soil structure to reduce runoff. 

) e valtes 
Most TM Fs occur in areas receiving an annual rainfall 
of more than two metres, with no prolonged dry 
season (or in areas with no serious moisture stress 
beca use of a riverine or swampland location). Of this 
rainfall, potential evapotranspiration is about 1.6 
metres (l:Ewel and Conde 1980), leaving most of the 
differerice available as groundwater or runoff in 
chanieled surf.cc streams. 

Quanutity and quali'y of this water is influenced by
how the forest is alter-d. Thus, these altei"tions have 
importance to humans who would use that water for 
irrigation, water supply, hydropower and transpor
tation, though these changes may be far. removed front 
tile forest being considered. Fish arid other aquatic life 
are affected also by changes in quantity, distribution 
and quality of water coming frorn forested watersheds. 
In tropical countries, a great deal of economic 
development is based on increased use of water 
resources and fisheries, so that any changes in water, 
Whether beneficial or harmful, are of major concern. 

Un fortunately, most of' the long-term forest 
catchrnent experiments have been conducted in 
temperate forests, and \-ey few indeed iii TMF 
vatersheds (Boughton 1970, Bosch and Hewlett 1982).A recent state-of-kiovledge and status-of-research 

synlhesis t) r tropical forests has been produced by
Ilanilton and Kirg (1983) indicating the effects on 
water arid soil of vaious uses or alterations of forest 
lanids. Three aspects of water resources are affected by 
forest utilization: water quantity, timing, and water 

should he a minimiim of' piling and burning ofl quality.
 
logging slash;
 

iii) tile more nutrient-rich parts of the tree (lea ves/ (it hWh'tr quantity and timing Reduction in forest
bark, often removed for fuel) should be left oil site cainopy by tree reival through any of tile activities 
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under discussion results in increased wat. 
strea ms, with 

r ichld if' (ii) If tr qtdditr Iirifoiest product harvestingIhe increase irP gneral' being
proportional to -he ,rnotunt cut (Jlosch 

(iciudinrg seed callectiig)h,-gathering tourism.ind Illett and s ome ftiiis of sciettific research1982, Ilamiltori and King 1983). art usuallyI'he in,:rcasc occurs coniducte.d without ctising on-site eroioinbecause tiat wouldof a reducti tain cvaipotranspiration. Oie impair watct quality if it reached the strcanis. Nor aremajor exception is where forcst is cut v,hich w halsclCinjals uSAilIyperforming cnrploved inllthese activitieS whichthe function of moistlire ctaptu,re wouldfoan creatir a vatcr qilitail, problicl. lMoic intenseclouds or coastal fog. uses such as uon-tIlditional shittiig, agriculture,Minor forest product harvesting, hutin-',thrtrtrg, fr clwood harttourism or other uses 
t rig of* iilrercial fozg'iig, usuallywhere little of the canop,, is iesIlt ill full or ptithil renioval of the forest soil litterremoved and no large trees felled, has very little effect and understorvy vegetation which expoic,:sStable shifting cultivation the soil toand Iogging invoke tree potential splash, she:t, and rill Crosion, and it trailsfelling and, for the same area treated 

degree of 
wih the same and roads, aIle used, even+ to gullie.s. 11 this erosioncanopy removal, nma have sorteihiat matelrial

comparable 
is r ot prevented flt ni be:ing traniported byimmediate rcs, Its. As the forest ws.go sall \iitcr chiatiiel, 10 theback under tr'iditional Ihif'tiltl cul ivati O r llh ,iollg 

crcks and streams by
ho'''ing, te fcts on water qnan ti t, grald natlsv w :atcr bals, debi s, Or b ffer strips, it becomicss-edimtent p'ro~bierir a Ithle effects oil wae lat a fcctiig wt't qualtity. or , t leh
disappear until the next (listturba i"ce.ll IIf lhltnuftl couISCIiltLrics otsituations the effects m:iy ciosiorl ard sedinu'rtatiotnlIat,t from 6 to 15 ',ars hAVC Kecn itnentioned in(lamilton and King tire s,:ction i l .tahihtNi,1983). [or unstable, site- undl Iwh'r~o. Ilhedestru-tive shifting agriculture tlecffects nav besclui-

type of shilting agriculture is ai
rm.ajor influenceperniarent, especially if the area hats been converted to 

on whether or inot iniportant
ir1irlnluIlt ofa degraded savannah. wat,.'r quality occurs. tri.stble, cash
cropping, types, practised onI steep slopes have leftMost controlled experinments have sh1 e.,+, the

increases in 
that behitud degraded hitlds Which coltilutc to deteriorateyield of' water occur throughimt tIe ,ear. arid depositPeak flows are gencrailly incrvased, stormi]ow vt 

s.dirtient into wattercotttses. Ilie stable 
umes svstcus ill which a mosaic of, crpped,.re generally increaed and llil oed, andpeak la, advanced forested ptches occurs maysomewhat in tinii, wvith iha little iIrpact onlonCr duration, and the water quality bImCatu of tIlr !.cdineiit trapping effectgreatest differenccs have come onl deep soilS at lower of adltcent uicroppe-d "filids" (Iliauilton arid Kingeleva tiois as opposed tt) in soils at high clvairis 1,W3).(Douglass and Sw/ank 1972, Douglass 1981). Ibese (.sCuttiug t o.n Iss-ero> ion, prone slopesstormflow parameters are generally incieased even 

can 
reduce shear strength or the soil as the roots dccay, andmore by the skid trails, roads and landin-, that initiate landslips that1may continuC for decades asaccurpany comrmercial Iloging operatioris. Thius active sedirient sources (0) lhin 1974). The vayinstrcanms in the watershed being utilized imnmediately %,hich the fel.led trs a r removed frnm slp.,downstreain land isOif the cltCred forest i,atcrshed ltmav' a niar dle.tel'lialrt of the sCdiriCilt potential
exhibit greater flood frequency aHiJ itnC sity. "hCee 1973, luslm and N lan 1980,(iln o t a/.
effects cannot always be related to what ha ppeCs inl lie 
 ( 9S2).lowr reaches of major rivers, where urban flood Varer quabity alsoproblems ften involke subtanti l 

can be inpireid hy the increasedlos life ard addition of' nuitricits as a result of forest hlarve.sting.property damage, because factors ,,ieralteration of vegetativ,. cover become more o.ver-ri+than Nutr-iet outfom,s follows loging, not only by exportftiihis' Iv.shgig mtol ,, xcr(ariton aig 1983). fr orie a i;.tn(Htamilton and King 1983). 
wood and bark but through leaching

Increases in water yidd generally occur also arid export inWater fhowinglronI the area. Sulch1in the nutrient outflow is ['rolrortonal to tire voltme ctit anddry season. lii tropical Australia a small streaa whil i rc uo,,ed. Incca scd nutrients in streams usuallyusally ceased Flowing before the onset of the \,t 
season 

contriblte to ;icccler;uted cnrichment (cutrophication)becatne perennial foilowing h iggin, (Gitni r of ponds, lakes and reserv,1977). Groundwater levels usually have risenAollhwing 
irs. \Whil iiaitiall; such

c'iri.-lmer t maiv be benficial, in the long run it lusually
forest cutting (\Vicht 1949, Cilniour 1977). Conversion harmns
to other uses, 
the %ahlisv,Inch huarins derive tror, surfacewhere soil is stbseIuMUCt!y eroded arid water bodies. Nutrientt losses flrori certaincompacted, TIFalso usu:,lly increasCs Water (and CCoSIi,t.Ies,, alrCLadV finclv balanced ill a tizght cyclingsediment) ield. system, result in inpitainrient of" the fertility budget ofIn seasonal moist forests, if there is total eaft drop in 

a prolongc dry season, the increase in water yield 
the site and in0l'i-iert of future productivity.

Il Ir(ductivity cal betie dry season may not occur. 
re stored o,,cr tiie by reg-ciowth of

sCCOlndjr species (Iliniilton InlKing 1983).Once nnre the important effect of so-u.a lled "clowd Careless use of pusticides that arC used toforests the protectin rontarne tropics, in capturiag water logs from dceteriratio i in lthe forest may impair waterfrom inoisture-lauden air arid adding itto the' .tt. I ied quality. Thi,; problem can be reduced b)y keeping logbudget, should be enphasiz,..d (Zadroga I',-'. Major landings
disturbance to these unusual ecos.,:enis iray reduce 

away fromt water channels, by leaving
straiside buffer-filter strips of uncut forest and byyear round water availability, careful use Of' such cheiricals. 
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i F' 
Fig. 22. Kofain m~edic ineNMa , A no nia Cotlumibia. Photo cred it: ig. 23. Sikcrci or edici ne nmal, Siberut Indonesia . (Photo credit:
WWF/R .E. Sethulles.) WWF' \Vhiztcn.) 

d) Local (icl iat' rn! tmfloi~hre IMPAxCT Or VARiOI:S T'YPI:S OF UTILIZATION 
Local climate or ecoclittate, the climate at the hahitat ON SOCIA!, VA LUES
level to which whole org~anisms ae exposed (Ewdlantd Commercial logging of TM s inevitably has aConde 1980), changes ;as :i result of utilization of disruptive itnpact on the social uses and values of thesetropical forests (\V'hitnmore and \Voaig 1958, Schulz forests, both of the communities living within the1960, Chewv 19(,8, lBriu!',ann 1972, L~ongutan and fon ests themselves, and also in those communities fromJenik 1974). adjacent areas who use the forests. 

Cutting of TM s leads to arn itncrease in the amlount Logging also will influence adversely, traditional lifeof reflected heat (albedo). IF a !,!rge enoug:h area is styles (Figs. 22 and 23), and will reduce knowledge andexploited, there could be an increase suchof understanding of traditional uses of indigenous plants
magnitude that th~e heat budget will be slightly ahecred. and animals. Furthermore, opportunities to useWhen the land is converted to other uses, this may be utndisturbed "1MFs as living laboratories for educationserious enough to shift weather patterns, If the forest is and research purp,'ses will, on the whole, be adversely
regenerated, the albedo willn~ormal he rc'atored as at affected by mechanised logging, although opportufull, m1ature, forest catiopy develops. nitie:; will be presented to study and demonstrate the

As far as is known a tth.;.,,tage, commercial logging resulting short- and long-term', ecological changcswhich is followed by fiaet regrowtfli or even planted provided detailed descriptions of the original site crops, has no effect on rainfall. As previously poitnted conditions have been prepared. Also of immediateout, cutting of forest does reduce thle captture of occult concern is the g~etera Iloss or reduction of an important
precipitation in moisttire-laden clouds or fb)g. resource for tourism, recreational use and wildernessThe forest does act as a filter - purifier for certain experience. An exception is provided by certain
types of air pollutants such as pariculae matter and subsistence-level communities or rural communities
certain gases. As long as the capacity Iof the forests to where ''wilderness"' is neither appreciated norcleanse is not overtaxed, this futncion is a free service, recognized, and where mechanized logging is regarded
Commerical loging reduces this functionlby edu~cing as a positive developtment by opening up ,nthe size of the filter and the density. If regeneration is inthospitable frest. (Conversely, there are examplesobtained and the forest allowed to regrow, this where forests have been preserved or ma nagedl forfunction will be restored, religious, tnythical or ritual reasons. [or example, to 
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the Yanomani, a stone-age tribe of the Anaze,.* te rising ecologicalo been S ,forest is the main and most powerful God. ' earned lesson that landscapes consist ofhesocial arguments in favour ofp rese rvng -,netjc systems, each consisting of interde.,_diversity also should be considered TMFs re's-t 
undisturbed exampleso fpart of the range.of vaz:.'iionof the world's ecosystems, and are, attractive andstimulating to look at, and provide inspiration fz-v. art,music and literature. 

There is the issue of moral principle related :p thepreservation of genetic diversity which has to set
against the moral principle that every person who 
estimated 25,0000awants and 

..The quantificAtion of ethical and =,ral
justifications for the'preservation ofgenetic dive ,
almost impossible, but these aspects are never-.oess
important, and should not be ignored when the ir-'.-actof mechanized logging leads to further derAdatic-' byim migrant humans. 

It isself-evident thattraditional shifingagricul-a..., 
use ofsTMs is awayof lifeformanyruralpeopls and 
reflects the social values of those 'groups. uchalteration of TMFs is necessary to sustain this wav. of
life. The traditional stable system is a form" ofutilization of existing TMFs Which cannot
disparaged. It might be made and perhaps shou.M 

be 
be 

made more sustainable with modifications borrow.'edfrom new techniques of agroforestry. The uible 
slash and burn type of agriculture, whic. is
continuously opening up new areas of TMFs, sh,,uldbe treated as a high priority problem.

Logging has an effect on some organisms which niayhave detrimental effects on human beings. Forexample, canopy removal brings the mosquito vectors
of malaria down closer to the ground where they come
in more -frequent contact with humans, aInd
depressions created by logging machinery hold waterto'create additional -breeding placs. In one location
studied, an increase in rat population was attributei to 
a decrease in numbers of predators of rats due to
logging caor 1958).

Oft carefully laid down forust management plansare overturned by. local socio-economic conditions 

each linked to its neighbours. Ewel and t. 
have summarized this point well. Te vthat forest management must, above aill, "-'tivinto with a holistic viewpoint. The N,'rrdresource, it is the downstream watersh,-\ &,thenatural preserve next door, and it is . theeconomic well-being of the people depet.,. 

plant species more rth.,iit should have land to till for his subsistence. Ana DSUSO N OCUIN
 
thousand vertebrate species ,and .subi~cies areDISCUSSION AND CONCLUSIONSthreatened with extinction. After having examined several biological

social values of TMFs and several levels 
intensity, it is clear that the questioll
s,tainable isa plexone.Thepover
the r:!e,'f a imals and the big spans of
for evolution and survival add to,the 
matter. eM'To thle TMF itself, it does not make
difference who cuts it down or alters it .11:1 
reasons. The land once tinder tropical forcby high rainfall, and abused by inaprop"
worthless nearly everywhere. The forest it 
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value, but no certain means of sustainable %,'by other than traditional n and t\. .hnu 
civilizations such as the Mayans hithrto h'," . n 
found. As a resource, it is for all practical tvvn 
nonrenewable. All humans can do usin,
technology is degrade it.,

TMF cannot, therefore, be considerel -"l
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are taken out of the forest for trade, seemsnIily heowhich can be completely outside the control of l-nd .
fully sustainable. Collection 'ofminor forestmanagers. Wars in south and southeast Asia over the seems sustainable for,, considerable fen ! li, .tI-last two decades, for example, have resulted in massive expertly'and with moderation. It cannot be rcgjj1,human migrations into previously forested areas, so truly sustainable, but, as a form ofexploita it,
this land, much of it unsuitable for crop producti,,
and lacking the carrying capacity to sustain the lives of 
modern market, it is far better in harmony iecharacter of the forest than any, form .Y.eut'th

the immigrants, is lost as a resource for the future, utilization. All the other, heavier formsolTropical literature contains t .many examples of ustencroachment be expected to resultof new cultivators into once-logged ecological processes in interferewhincluding losses of'*land or primary TMFs, which are really not suitable diversity.for agriculture. This type of impact is likely to extend Primaiy TMFs subjected 'to 'thcni Vill)~written off asuch for the future, because moillemto much larger areas in future and there , ",,is little reduces flfl'm to simplified, moist 

rospect o reaucig itwhile human 
 populations systemi 'Because of the successional procce,-%Iilhl 'rail increase,An important outcome o the past two decades of vegetation cf the latter, and extinction in pri)hpe,, Irthe flora and fauna, such systems are in - . ( 

reserve of readily available raw materials \h. h'last forever. Statements regarding TMF as . 'ill resource usually have not been found sub,,t, (,nunless secondary or plantation forest was 1 1 t, 
the contrary, all ecological evidence 1) )n
extremely narrow margins to be observed it' 1 toisto be sustainable. 

The conc. sion must bethatonly.ouris 
of seeds for cultivation elsewhere, ' nmanaged scientific research fully suit the cl'1tr'l 
renewability. Also hunting-gathering, if no;.. 
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imbalance. When left to themselves, they change
continuously. 

w\hen this altered state has been reached 
(regrettably), people could try to influence tile 
sucCessional process to their cmwo advantage, so that a 
system results which is truly exploitahle, althouh.W only 
a fraction of the original social and noral values 
remain. One such strategy might iihclude refbresta tion
by artificial ineans. Secondarv forest and artificial 
forest are renewable, while traditional stable forls of 
shifting agriculture also have been sustaired over 
many generations.

Those who care for intact forests and their alitcs 
should protect them from any force i'at ains to 
eploit them, for whatever cause. It is lilpful to
distinguish between planned and sporttaIICou,, impact
of hun beings in order to direct these protection
efforts. Planned impact is action intended by an 
orgaitied unit which operates in a more or less
controlled socio-economic structure of a country With 
respect to construction of roads, logging schenes,
building of' hydro-electric dams, con verson of forest 
for large-scale agricultural purposes or tiurb1ialtion. 

Among spontaneous impacts such act io011sa re as
culting of branclies for fuel, the sawing, of pla irks in the 
forest, small-scale charcoal marul'accre, collection of 
miomr forest produticts from tle mil, and rost forris 
of hunting. The capturing of aninirals for trade is 
dillicult to classify, since it follows wcll-orgaInizcd but 
mostly illegal chalinels. 

Unstable shifting agriculture carl be both planned or 
5spontaneous. It is often highly organidc and part of 
the socio-ecoiiomic mana 'ement structutre of soiccountries where it is seen as the "sorl rtiorn" fo~rcotriest wher lasseendle-soion 
 frcscrtlenedt of the rural, landless pir.Planned impact can in Its varrus aspects be 
cxPressed in statistics. It cart tisualIly b,: met thIirourgh adirected approach, if approval of highrer authority is 
ohtaiited. Spontaneous impact is much more difficult 
to estimatc and to addrcss. ThCdistinctioI hbtweiltre 

conservationl arid protection efforts, ootrbly when
wi,-eratenanpotctoneforsnoabycompensation measures are considered forwila 

Population which excits heavy prcsure on their 
forcts, for firewood and/oricral a dIn tle case of planned impact it seems es ;ential to 
attempt to draw up an accurate cost/bencfit analysis.
T be accurate, this must include all factorsand values, 
anld be long-term, tlhugh it is recognized that itis 
dtiticuit to put monetary figures on intangible values 
of 115Fs. It seems 

required in order to relieve these pressures onl the 
forcst. These will probably include birth control,
improved agricultural methods, firewood planting, 
agroforestry and exclusion of' large scale clearing by
trans-national industrial agriculture enterprises. 

In nearly all cases, planned destruction or alteration 
of TMF is far easier to stop than shifting cultivation. 
Planned destruction often appears on more careful 
analysis unnecesary, inefficient, and expensive. The 
exception is in countries where there is an acute 
shortage of both land and timber. 

l:orestry and preservation need one another, but are very different thingos, if only in length of outlook 
tlhrough tilroe. :orestry tends to meet a demand, and 
tlhis is often used asaii argu merit to deplete the primary
forests irrcversibly. Too often the philosophy
presented as "econonry" has been one of capital
consumption. Now that the cnd of'M Fs as a source of 
timber co es within view, it inmust be clear that this is
eventually a fruitless course. Insofar as a demand has 
been created that cannot be satisfied, such forest 
policies could ha c a destabilizing effect. For a Ling
tirite, the INI ls have been mined,arid very littie of the 
profits have been recycled in investment efforts. Wile 
it is not to be expected that logging inthe TMFs will 
stop overnight as a result of the prcsent paper, it might
be feasible work a policy of anto for anmua!ly
increasing re-investment into other forestry activities. 

The nature of these activities should be dictated in 
tile
first place by the ecological situation. From what 
has been said above, it follows that the different types
of yC.e ta tioni iIt TMF countries each need a different 
alpproachlWr optimal itiliznition. 

a) Intact TM F, which for this reason still contains allvaIlries: protection. If exploitation seemsinevitable, collection of minor forest products is 

irbtethnim rexltao.far better tta i timber exploitation
b) Modified TIMIF: manage for production of native 

Ira rdwoods according to strict ecologicaluseful f'Or
two s'c'elis achoice of targets and neins Ill guidelines (Poorc 1966, FAO 1977, Masson 1983). 

ItPendable commodity, a capital just to be consuied.h'iccounting is done in a responsible way, tile outcome"c'ry
well may be that it is cheaper to leave the TM F as 

it L';,than to spend money on its exploitation. Similar 
Pr~ducts and income could be derived front another 
satc nearby with different inputs. 

Only where shifting cultivatioI a rid ot he:4 NkItanieous impacts on these fragile ecosystems
testify to tie needs ofa local popuIla tion are measures 

unjustified to treat the TMIF as in oIl a larcer regional basis, nattre 

improve with useful species or 
use for pirirpo~ies of zigroforestry atidf0 1 gr. stable 
shifting cultivation. 

d) Artificial forest: vigorously to be extended, into
the areas of (c) arid (e). 

) l)egr-dcdl lvegtate wi " or 
If these ground-rules are accompanied by a well

thought out and documented landuse plan showing the 
place and role of each category on a c1tchnient or ever 

preservation, 
conservation arid regeneration and exploitation of theresource indeed cart be all integrated with economicdevelopment of the I'M so a intain biohogica!,
 

physical and social values. Integration of two or more 
of threse grourid-rules on a single parcel of intact 
primary TMI."
FIancl, however, is impossible. Amazonia 
represents one of a few remainim, large areas otTNIlF 
where there is still tirie arid space to plan for such
national development (IUCN 1983). 
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If TMF is to be exploited on a truly sustained basis, RIIFII"RINCIS 
i.e. adinfinitwn, with as little as possible harm inflicted
 
on the forest structure, anld no etdacerrnelt to any Ashtoi . S. (1of4) ctu.
'l,iKsl

illtoi
the species in It, tile following criteria should Ie ellet: 
a) 	 No population of plants Or animals should be 

dininished Nlo w the Iinim um critical size 

needed to ensure survival. This is an obvitus 
criterion, an.1 a string-ent One, in V-icw of the small 
numbers of d over big aicas ofdividuals scattered 

forest. The critical lim it m ay not be far off. 
Unfortunately, scientists a:e still uncertain toas 
what is tile "critical size" of populations and what 
is the afca of land required to sustain thel, 

b) 	 All food-chains and other patthwiys, like those of 

pollinationi ain dispersal, shoutld he left intact. 
Particula -IV,larger animals are to be respected fOr 
their role in dispersing tile Wge seeds (like the 
avocado pear), and, ino cases as predators.fl as predators

c) The genetic composition of i population shtotild 
not be altered artificially. Selective harvesting of 
one or a few species or retaining only the best is 
one danger, because coMininercially inferior 
specimens are left behind (the sharpcr the 
selection, e.g. for harvesting by helicopter, the 
more serious these eff:cts will be). Rl.nd 
destruction of part of tle g,:netic diversity of a 
species, is another danger btcause it is not known 
what has been lost. 

of a population. The composition of an ecosystenl 
would be influenced over a very long period, 
endangering the balance in the biolo.ieaf relationtsIisi n v l v e . Involved. 

e) 	 No more inorg.anic matter should be withdrawn 
from the mineral cycle than can be resiupplied 
throIgl

I 
natural Drocesse3; in a short recoixry,, 

period, or be artificially replaced in a practical and 
cost-effective manner. 

Pre.sent day conservation cointais components of 

protection and preservation and of" exploita tioi wi th 
as little alteration as possible, or, restoration after 
more severe alterations. 

This approach works best where the carrying 
capacity is known and explohation can be easily 
controlled or regulated, but these conditions are 
seldom fulfilled in tropical moist forests. The danger is 
that exploitation intended as part of a conservation 
regime will lead to unintended ecological damage. Any 
level of exploitation, even for minor forest products, 
can affect the biological status ofa tropical forest: such 
effects can lead to degradation which may not become 
apparent for decades, especially in the lack of eff'ective 

. .	 Cmonitoring of the imnrrcts of human activities in 
tropical forests. Therefore, the current efforts to 
establish strictly protected tropical forest reserves 
should be cxpanded, along with research in support Of 
effective as possible management of tropical forests 
which are due to be exploited. 
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