Economic Use of
Tropical Moist Forests

By Dr. J. Davidson with
assistance from Members of
the Working Group on Tropical
Moist Forests of the IUCN
Commission on Ecology

Commission on Ecology Papers Number 9

With the support of
The Independent Commission on Intematicnal Humanitarian Issues
The World Wildlife Fund
The United Nations Environment Pr ogramme
The Netherlands Gevernment
The French Government

G

International Union for Conservation of Nature
and Natural Resources
1985



>  Tropical Moist Forests oo o

7] Tropical semievergreen and monsoon forest

e ~e Mangroves

«=== Regiona! bo: ndaries {sea section *¢).

~

\
West Insular S.E}
1

Africa

I~
~
~
~—

Fig. 1. Tropical Moist Forests. Source Josef Schmithiisen, Atlas zur Biogeographie, Bibliographisches Institut, Mannheim-Wien-Zirich, 1976, and IUCN-UNEP-WWF 1980



Economic Use of Tropical Moist Ferests
While Maintaining Biological, Physical and

Social Values*

J. DAVIDSON

with assistance from members of the

Working Group on Tropical Moist Forests,
Commission on Ecology, IUCN,

Av. du Mont-Blanc, 1196, Gland, Switzerland.

SUMMARY

maintaining biolugical, physical and social values, the

wi e points should be taken into account:
The biological, physical and social values of tropical Jollewing twelve points should be taken into accoun

moist forests (TMFs) can be defined from a subjective
human viewpoint. The fragility of these forests, i.e. their
reaction to vuiside forces, is determined b y their nature
and by ecological principles, both of which are largely
objective. The forest, as a complex living system, acts as
an objective entity. If utilization exceeds what the forest
can sustain, degradation will set in and eventuall 'y may
effect essential ecological processes and diminish genetic
diversity.

The degree of permissable utilization of TMFs is
dificult 1o judge because of the richness of species, the
woody, long-lived character of many plants, the complex
interactions between animals and plants, and the many
gaps in available knowledge. The time scales of effects
and change are particularly impor:ant.

-In determining the economic use of TMFs while
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1. There are essential distinctions between

a. TMFs and other types of forest,

b. lowland and upland forest,

c. primary and secondary forest, and
d. intact and altered forest,

Planning for each type should take into account its
kind, status and scarcity. For example, well drained
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
diminishes many other values of TMFs.

4. Sustained utilization requires maintenance of
ecological processes which include preservation of
genetic diversity, though not necessarily on the
same area of land.

3. The prospects for sustained utilization of TMFs are

very few, because of:

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

plants,

c. interdependence of plants, animals and forest
dwellers,

d. low density of most plant and animal

nopulations,
oecurrence,
. general soil poverty and  susceptibility to
nutrient dey 'etion and transportation,
S lorg time needed for regeneration wnd the
tendency to regenerate to secondary types.

6. With proper management some use of intact TMFs
can occur without ecological damage, e.g. for
tourism, seed collection and non-destructive
scientific research. There is a risk of slow
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degradation with hunting-gathering, and  the
collection of rinor forest producis. TMFs cannot be
exploited withour great ecological damage for
purposes such as woodchipping and other Jorms of
“integrated wiilization”  (use of whole trees,
somedimes including leaves, bark and roots) and
logging by hand tools or with machinery.

7. Harmful exploitation should be discouraged. Some
of the remaining intact TMEs should be protectedin
conbination with harmless exploitation as
previously defined. Appreximatel vy 101025 per cent
of ihe remaining worldwide primary TMFs should
be protected in properly managed protected aregs.

8 Land types derived from TMF ccosystems, namely
secondary forest, modified jores:, transformed
Jorest, and degraded lund, often can be managed
productivelv.  Sustained urilization should  be
concentrated on these sites, rather than on intact
TMFs.

9. A distinction between planned exploitation and
sponteneous exploitotion (miainly inappropriate
shifting cultivation and encroachment) is useful,
since the problems and possible solutions differ
considerably,

10. Even where mechanicai logging and other severe
Sorms of utilization mus: be and are carried on,
there are ways and means of lessening thetr impact
and slowing the rate of dvgradation. Since these
may reduce sheri-texm profits, the cooperation of
Joresters, engincers und economists needs to be
promoted.

11. The promotion of a capability classification and
suitability assessment of tropical forest lands hased,
Jor exarmple, o1 landscape units should be a major
goal for IUCN, MAB, UNEP, FAO and other
agencies as the first step in overcoming ecological
problems in TMFs,

12, Well conceived out and documented land use plans
are needed on a carchment or regional basis, to show
which parts of the forest land are separately
allocated 10 preservation, “conservation” (in the
sense of the World Conservation Strategy),
regencration (i.e. careful exploitation), clearing and
so on. Plans based on demonstration models and
case studics are the only sure means of integraiing
these uses with econonic development of TMFs so
as to maintain biolgical, physical and social values,
Integration of preservation with any other use on a
single unit of intact primary TMF is considered
impossible by many ecologists.

INTRODUCTION

According to demand projections by the Food and
Agriculture Organization (FAQ) based on expected
rises 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

in 1994 (FAO, 1978). FAO projects that Third World
consumption alone of wood panel products and paper
will quadruple in 20 years 2nd consumption of
sawnwood will rise at the ratz of S0 per cent every 10
years. The commercial wood demand is rising
particularly 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 of people (some 1.5
billion) also will continue to rely on firewoed 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
of more efficient stoves, and altematives such as biogas
generators  and solar cookers. Most fuelwood
requirements must come from natural forests, mainly
tropical. Clearly, the pressures to meet the basic
human reeds for wood and for economic development
of the TMF wood resource are going tc increase
markedly,

The need to produce food and non-wood industrial
crops for a rapidly increasing tropical population also
will expand. FAO (1979) 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 TMI* 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
industries derived from them represent great potentjal
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 (1981) has called for a critical
assessment of the conventional philosophy regarding
forestry and for a reformulation of forestry strategics
for development. Forestry policies have to be re-
oriented and redesigned in order to transform forestry-
based activitics into more efficient ugents of socio-
economic change. Increased harmony with ecological
principles has to be reconciled with increasss in
production, productivity and welfare of the rural ponr.

Tke reform forestry strategv advocated by Flores
Rodas 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 penerated by economic growth;
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2. self-reliant decision making for promoting
equitable participation of the yural people in
forestry and forest-based activities; and

3. an integration of the precepts of epvironmental
management and  permanence of  the  forest

resource base required to secare optimal Hows of

benefits for present and future generations,

These objectives do not iniply rejzction of strategies
to increase forestry output since continued
improvement in the welfare of the poer can be
achieved only through dynamic cconomic growth
based on sustuined yields. It is important that when
natural forest resources are used on a managed basis
only the “interest” (increment) is removed, not the
*capital”.

A Key issue is what type of forest use is sustainable?
Certain usesimpact on, or alter TM Fs much more than
others. Light logging with minimal roading and
skidding, for example, may cause only slight
disruption from which a primary forest may 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 cconomic species,
whose regeneration issuppressed 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 cquilibrium is

reached. Large scale intensive forest tarming (c.g. beef

cattle raising) may prevent succession to prinury
forest. The same is true for clear-felling of forest for
woodchips whereby often the land is converted to
exotic plantations or intensive agriculturc.
Consideration of the complete forest clearance is
excluded from this paper since, by definition, no
ratural forest resource remains for economic
development or use,

The use of TMFs spans a spectium of consequence
from minor or temporary disruption to perminent
destruction. Many of the intermnediate forms of chanue
still leave a foresi ecosysten of some kind but usually
of a secondary, biotically altered nature. It may be
more productive of some types of materials for certain
purposes (¢.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 mtact with any forn
of use, The best way to save an area of I'MF is to set it
aside as a reserve, that is, it must be prescrved.

Maintenance of a reserve in the “‘natural™ state
depends on  the cffectiveness of management in
excluding fire, pests, exotic weeds and so on which may
invade from outside. Reserves can be integrated into
an overall economic development plan by land
classification and use pianning techniques. Decisions
must be taken in a multidisciplinary context taking
into account as many intereses as possible (Qureshi
etal. 1980, Carpenter 1981, Davidson, 1983).

The first task is to identify those most preciousarcas
of remaining TMFs to be preserved undisturbed for

6

their value as genctic reservoirs; new sources of drugs
and foods (to be cultivated and harvested clsewhere);
habitats of traditional forest dwellers including tribal
people under certain circumstances; for symbolic,
religions  and  cultural  heritage values; for  site
protection and as benchmark reserves and locations
for appropriate non-destructive scientific research,

The achievement of all these objectives may require
setting aside most of the remaining TMFEs in certain
countries.  Nevertheless  this should be done
immediateiy as parc of the overall development plan
for a country.

To make up for land set aside as rescrves, and «till
maintain the desired cconomic and social devielopment
is a difticult task. Ways need to be found to minimise
shortand long-term adverse environmental impacts on
those parts of the torest logued or otherwise used.
Intensive  pluntation forestry or agrotorestry on
sccondary forest, marginal or degriaded lands may be
developed adjacent to intact TMNEs, The used forest
would form a butfer zone if wide and dense enough to
prevent encroachment and illegal Larvesting in the
TM s,

TYPES OF TROPICAL MOIST FOREST

There are many ditferent kinds of TMEs (c.g. see
Unesco 1978) and no universally aceepted definition,
Descriptions and classifications are nunierous (Ashton
1964, Baur 1968, Beard 1955, Brunig 1977, Farnworth
and Golley 1974, Gehey and Medina 1975, Holdridge
1967, Holdridge et al. 1971, Richards 1952 and 1973,
UNESCO 1973, 1974 and 1978, Webb 1977 and 1978,
Whitmore 1975). Whitmore identitied twelve types of
tropical rain forest including tropical semi-evergreen
and moist deciduous forest types.

The distinctions between lowland and upland forest,
well-drained tropical rair forest and other types of
TME, primary and secondary forest, intact and altered
forest (previous history), should be obsenved in land
use planning,

(a)

Generally, the *“tropical zone” is defined as being
beiow 1000 m altitude and between 23'4° of N and S
latitude. Based on altitude, at least two sub-zones can
be distinguished, sometimes  cven  three. With
increasing altitude the forests normally become poorer
in stature and in species. The richest zone usually with
the tallest trees is from sea level to 500 m. However, in
the wide lowland basins of Africa and Amazonia such
vertical stratification is not obvious. 1t is more distinct
in Central America and Malaysia, which are dissected
by mountain ranges.

Unfortunately, the lowland TMIFs are most heavily
cxploited, because of the taliness of the trees, and easy
accessibility. Lowland TMFE lands are often heavily in
demand for agriculture or settled by immigrants
following togging. All land use decisions should

Lowland and upland forest



recognize the significance of altitude. Protecting hill
forest above 500 m will not save lowland forest below
it. Each sub-zone must be considered separately.,

(b) Types of TMF other than tropical rain forest

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 nuirient-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 limestone karst formations:

- mangroves in saliae coastal and estuarine areas;

- beach forests on sandy shores, and

- forests periodically disturbed by natural agencies
such as volzanoes, carthquakes, landslides and
cyclones.

All these types generally consist of closed forest of
mixed composition. Exceptions include forests
adjacent to arcas heavily browsed (c.g. in parts of
Africa and India), forests on skeletal soils, forests
-subjected to periodic fires and forests on soils of
extreme nutrient poverty. TMFs occur on very
different soil types, each differs in species composition
and, after clearing, is replaced by different secondary
forest, depending Hn the continent and site conditions.

These various types differ in the amount of
exploitable timber, (e.g. high in seasonal forest, low in
swamp forest), regencration potential (e.g. preat in
mangrove, slight in keranga), capacity for agriculturai
purposes (c.g. low on the nutrient poor white sands.
high on recent volcanic alluvia), and potential for
minor forest products exploitation (c.g. presence or
absence of canes or bamboaos).

In order to avoid costly mistakes in land usc
planning cach forest type must be considered as a
distinct ecological system.

(¢} Primary and secondary forest

Forest tha. has been without human disturbance for
centuries is usually called primary. Ithasa high, closed
canopy, from which the tallest trees sometimes
protrude. The biomass is reiatively constant: Up to
half a century may elapse before trees of some species
flower. On poor sites and in scasonal climates,
regeneration is largely by vepetative propagation,
The number of tree species with trunks more than
10 cm in diameter is seldom less than 100 per
hectare and may be up to 180. The number of all plant
species can be about three times greater. Climbers and
treviets occur as many species. About half of the plant

Fig. 2. Parasolier, typical tree of secondary forests, Tai region, Ivory
Coast. \Photo credit: WWF/1J, Rahm.)

species are woody. Because woody species are long-
lived structural change is slow, taking centuries. The
number of individuals of a species, per hectare, is low
in species-rich types, often oae tree in 2-3 ha, but
sometimes 1 in 20 ha. Rarity, defined in terms of the
mean density of individual species, is common.

The seeds of mature-phase, primary, relatively
ascasonal, forest plants germinate under the canopy
from which they were dropped, in the shade, but need
small gaps for establishment and further growth. A
distinction usually is made between shade-tolerant
(primary) ard light-demanding (secondary) species
(Fig. 2). Seed viahility seldom excecds a few weeks.
Dispersal of large seeds requires the help of large
animals such as primatcs, large birds (c.g.toucans and
hornbills), gravity and water.

Secondary forest grows where primary forest has
been destroyed over large areas, for instance on land
slips, or in large gaps where several big trees have been
brought down by wind or lightning strikes. This is
distinct from intrinsic, biological processes where
single trees die and are replaced in small gaps
(Whitmore 1978). Primary forest is a mosaic of all
phases. The secondary trees usually grow fast, produce
seeds quickly and profusely, and are relatively short-
lived. The seeds are small and dry, easily dispersed,
often by small birds and wind, and may remain viable
for a long time. They germinate in full light on bare
soil. Such forests cannot regenerate under their own
cover. Secondary forests are relatively poor in species
comparecawith mature phase TMFs. particularly in the
carly stages. Thzy wend to occur as even-aged stands
and in patches.

A closed canopy forms very carly in the secondary
forest, except on dry and infertile soils. Many pioneer



trees die young 1o beveplaced by other species having a
somewhat longer life. If primary forest is near, animals
and seeds come ia from it and gradually re-populate
the site with the original species, Old secondary forest
under such circumstances thus gives way to primary
furest.

fd)  Intact and aliered (artifical)forests

The patterns of forest dumage and deswruction are
manifold, varying with the agent (nature or man), the
intensity, frequency, extent of use and the time span.
Matural TMFs are dynamic systems, with some
internal renovation due to natural pevtarbitions but
leaving the forest as a whole little changed and the
system in balance (Whitmore 1978, 1982).

This balance is disturbed by mtensive exploitation
such as logging, After timber harvesting, tracks and
gaps are sooil filled by secondary growth (14g. 3), the
start of successton, Sibvicultural treutment Kills trees of
many species and  leads to artificial  ccological
simplification. Species may be removed by poisoning,
ringbarking or other procedures.

These mmpacts result nsually i forests where the
origiral structure and composition ave recognizable,
yet they cannot be regarded as regenerated TMIE - cinee
they are derived, tloristically impovenshed types;
called modified forests. Subject to the closeness of
suitable forest as a supply of animals and sced, their
return to the raature-phase state would tuke centuries,

Pollowing more severe impacts, “altered™ forest
seems a better term to use than “transformed™ forest
which imgplies conversion. Altered forest can be of
planted trees, mcluding small stands of fuclwood;
village and backyard groves of mixed composition;
agroforestry systems and large-scale plantations.

Altered forests have fewer species, a simpler stand
Fig. 3 Old ferest track with secondary growth, Tai region, lvory
Coast. (Photo credit; WWE/UL Rahe)

structure and dynamics and can be managed more
castly thun natural TAEs. However, because stability
of the species composition is often poor, these forests
must be  kept under continnous  and  vigorous
management to provide commercially valuable timber
and other products. Under proper management
altered forests can generate considerable, sustained
economic returns,

Great ceological differences prevail in the various
forest types in relation to species richness, degree of
damage, suitability for utilization, menagen.+nt, and
conversion into agricultural land. bor cach type,
utilization results in a dit*erent cost/benefit account,
in the short, inddle, and long term. 1gnoring these
differences may lead to unexpected investment losses,
Muany inventories of the world's forest resource do not
recognize these distinctions adequately. No reliable
survey of the whole of the biome is available though
needed. Ecologists need to define what such a survey
should include. The vahdity of the survey will vary
widely from one country to another. The recent work
of the FAO/UNEP Tropical Forest Resources
Assesstent Project (Lanly 1932, 1983) is an excellent
stari.

The need for ground truthing  deserves great
cmiphasis. Only in this way can detailed maps be
prepared as vital instruments four ali forms of rural
development. Vegetation maps in general provide
useful data, often indicating  climatic and  soil
conditions, as reflected in the former plant cover. 1t is
essentiai to distinguish between mature intact forest
and damaged or altered forest.

(c)

The impact of natural factors ;alone on TMI's causes a
mosaic of preat inteicacy (Denslow 1980, Hartshomn
1978, Letouzey 1978, Webb er al 1972, 1981,
Whitmore 1982). Further complexity arises as a result
of human impact. The state of any forest is the
outcome of a chronological process, whether or not
man interfered (Ashton 1969, Razazz and Pickett 1980,
Connel and slatyer 1977, Connel and Sousa 1983,
Ewel 1983, Hopkins 1981). It is vital to know if this
state is one of equilibrium or not. If not, the forest will
change in structure and/or composition with time and
it may be important for land and forest managers to
know whit sort of changes can be expected. It may be
possible to take advantage of change, or to steer
change in a favoured direction,

Since future change is often a continuation of past
change, an understanding of the history of a forest
usually provides a key to the future, and the uses that
may be made of it. For this understanding, a stancard
assessment s needed. The standard or “*benchmark”
should be the most stable, i.c. most mature, least-
damaged parts of the forest under censideration,
Many impacts over and above natural perturbations
bring about some disturbance, leading to stages
derived from the stable, mature state.

Previous history of the forest
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BIOLOGICAL, PHYSICAL AND SOCIAL VALUES
OF TROPICAL MO!IST FORESTS

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:

. Supply of timber: A receat work on tropicai
timbers of the worla nsts 152 important specics or
genera for Tropical America, 120 for Africa, and
another 120 for tropical Asia and Geeania. Many
of these woods are heavy and durable (usually
products of very slow growth) with ahigh content
of inorganic matter such as silica.

2. Retention of soil: While erosion is a natural
process, it is well known that removal of forzst
cover greatly accelerates this, with very costly
consequences downstream. These debits shou!d
be entered in any cost-benefic account of
“development™ in forest arcas.

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

4. Influence on climate: Too little is known with
certainty about the part TMFs playin the climate
ona glebal scale to define their role accurately. It

scems  possible, lowever, that large-scale
destruction  would tip certain balances
unfavourably

5. Source of “minor” products (i.c. all products that
are not wood): One of the best-known is rattan, ot
which the stock is contained in the primary
forests of Maluysia. Others include latex, fruits,
medicinal plants and resins, in enormous variety.
It is estimated that about one species in six has
some use other than timber {Lea 1975).

6. Source of new economic plants: “There is a
potential for new discoveries to be made, c.g.
systematic screening of plants is bein® carried out
to locate substances which might help in the fight
against cancer and other diseases.
Gene pool: Many tropical fruits have their wild
relatives in the rain forest. They contain valuable
genetic properties, like resistance to discases, or
suitability for certain soils, which could be
incorporated into cultivated stock by hybridi-
zation, as is already doae 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 and shelter for animals: Certain anima's
have a vital role in the survival of the forest by
virtue of their role in pollination and sced
dispersal and in control of herbivores and seed
predators.

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

~1
.

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

10.  Matrix of evolution: The TMF has, in tlie course
of many millions of years, achieved three things: -
a) produced the greatest diversity of living things
on 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 shonld be carried on outside the
primary forest,

[1. Source of knowledge: Most of the currently
available biological knowledge hasbeen cbtained
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 epportunity to exist alongside people. It
is equally hard to maintain that plants and
arinals exist enly for the benefit of most humans.
More acceptable is the assumption of a common
destiny of peeple and nature. For most humans it
is a noble cause to serve and beautify the earth.
The TMIF symbolizes nature in optima forma.

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 ecucation. From each species something is to
be discovered and learned. Allowing species to
become extinct means depriving later generations
of their rights to observe, understand and enjoy
nature,

These values differ and are inter-related. For
example, timber extraction damages all other forest
values. Values 2, 3,4, are independent of composition
and could be fulfilled by tall secendary forest. Highly
specific and 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 plaat-animal
relations, developed during hage spans of time
independent of humans. Value 9 involves the role of
people such as hurter-gatherers. Values 11, 12 and 13,
embody spiritual values, depending on the input of
human beings. In contrast, values | and § can be
expressed directly in terms of money, although
mutually exclusive to a large exient, Some values
mainly benefit people nearby, namely 2, 3, 4 and 8,
while others have greater implicationse.g. 1,5,6,7, 11,
12, 13. Some of the values are still waiting for
increasing utilization in the foreseeable future, e.g. 6,7
and 11 Value 19 extends into the indefinite future if
enough forest can be saved from logging. Altogether,
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the vision of TMFs as a mere quarry for timber scems
an insufficient basis for responsible planning of their
use.

Levels of Utilization of Tropical Moist Forest

Because many ditferent elements making up a TMY
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. commercial logging

b. shifting agriculture

¢. minor forest products harvesting (including seed
collection)

hunting and guathering

tourism

f.  scientific research

o o

These are not arranged in order of d.creasing
inensily 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 carricd out by clear-felling or selective
felling. Clear-felling for wood chipping, or other 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 regenc- .te, but
with secondary species. Habitat 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, but disagree on
the length of time needed for the forest to return to
ecological balance or to a sequence of pre-existing
natural dynamic processes.

Sclective felling is the practice of removing only the
commercially valuable trees, which usually are in the
minority. While 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 larzer gaps
favouring regeneration of the few most desired species
whiie controlling the undesired species which are
usually in the majority.

The method of felling also determines the degree of
impact. Mechanical logging (Fig. 4) reguires roads to
bring in heavy equipment and take out logs. Making
skid trails and skidding large trees cause damage to
undergrowth containing the regeneration potential of
the stand, disturbs soil, impairs water quality and
alters the composition and structurs of the remaining
forest. Sclective logging by mechanical means may
cause more disturbance per unit of wood removed and
be more serious in the long-term than localized clear
felling,

Cable logging (Fig. 5) is advocated because it is
believed to cause less damage to soil, litter and
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Mechanical logging Malaysia. (Phote credit:

Fig. 4.
Scriven.)

remaining vegetation because less roading is required
and no heavy machinery need enter the forest. Logs are
airborne, or at least partly airborne, on the way to the
landing. Unfortunately, cable systems are often used to
log steep country not otherwise accessible, thus
cortributing 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 than mechanical
means.  Kauri (Agathis) in Borneo spontaneously
regenerated after hand-logging, but tailed to do so
after mechanical logging. Yet, in nature reserves and in
protection forest, cousiderabl: damage has ben
detected due to hand-logging. Nowadays, hand-
logging is regarded as cconomically fiasible on a
commercial scale, Manual cutting is still carried out by
Fig. 5. Cable logging, Jengka Triangle, Peninsular Mulaysia. (Photo
credit: WWE/M, Bijleveld.)
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local communities during fuelwood gathering, lopping
for fodder and obtaining round poles and building
timbers. Charcoal-making can be carried on by hand-
logging. Trees with suitable wood are usually cut into
small billzts, 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.

Acrial logging (lifting logs out of a forest by
helicopter or balloon) has been advocated as a
desirable altemative to extraction on the ground,
However, suchan expensive procedure would foree the
selection of superior 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
~alterwards based on 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 the right toa certain way of life of traditional
people who usc the first-mentioned shifting agriculture
system as an ecologically sound form of land
utilization, its destructive form is not sustainable and is
to be condemned.

¢) Minor forest products harvesting (including seed
collection)

Mincr forest products harvesting seems very
compatible with the character of the TMF as a species-
rich system on a mostly poor soil. From many specics a
little quantity of highly valued material is taken,
leaving intact the 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 Asia, in which whole plants often are
removed.

Collection of sceds of commercial species for
cultivation elsewhere scems harmless if a complete
crop is not taken. The species can be timber trees,
medicinal plants, oramentals, fruit trees, or rattans.
The forest acts as a reservoir of genetic material, which
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Fig. 6. Slash and burn on the outskirts of Dumoga N.P.,, North
Sulawesi, Indonesia. (Photo credit: WWE/M., Deépraz.)
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Fig. 7. Forest destruction, East of Madagascar. (Photo credit:
WWI/1.J. Petier.)

Vig. 8. Myriulepsis purudoxa, a rattan, Gunung Stong, Malaysia.
(Courtesy WWE/IUCN International, and T.C. Whitmore.)
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can be tapped forever, if given full protection and if the
arca is largs enough to contain viable populations of
all the species in it. Species from tropical American
rain forests grown successfully elsewhere on a
commercial scale include cocoa, kina, rubber and
vanilla From Malaysian TMFs many fine tropical
fruit trees and rattans (Figs. § and 9) have been
obtained and from African forests have come coffee
and oil palm.

d) Hunting and Gaihering

Hunting and gathering (wildlife harvest) is very similar
to minor forest products collecting, except it is done by
tribes who use the produce of the forest only for
themselves (Figs. 10 and 11). There is no regular
channel with the outside world through which
materials leave the forest. This means the nutrient
cycle of the forest is not depleted, an important
difference in regions with poor soils. Disturbances can
therefore be presumed to be so slight as to inflict no
damage on the forest, at least while human population
levels remain within reasonable bounds. Unfortunately,
this is increasingly not the case because of rapidly
growing populations both within and around margins
of remaining TMFs.

12
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Fig. 10. Hunters on Siberut shoot the four endemic species of
primates with bows and poisoned arrows, but eaploitation s
controlled by a complex system of taboos and rituals so man and
printate have lived in balance for thousands of yeirs.

c)  Tourism

Tourism ordinarily does not reduce the functions of
the forest in providin, soil protection and other values,
unless roads or heavily used trails are employed (Fig.
12). Problems caused by the developing of facilities for
large numbers of visitors (camp sites, picnic areas,
sporting arcas, accommodation, waste disposal)
generally can be controlled by adequate planning and
siting these facilities on the margins of intact forest.

J) Scientific Reseurch

Scientific research also can be regarded as a form of
utilization. Small non-destructive experiments will do
no damage o speak of (Fig. 123), Study of virgin forest
is essential for the development of management
methods, for which the proper base-line data must be
available,

Five representative categories, incorporating some
of the levels of utilization and impact given above, are
taken up in the detailed discussion in the following



Fig. 11. Deer hunting, Aru Islands, Moluccas, Indonesia, (Photo
creditt WWF, and CITES.)

sections. They are mechanicallogging, manual cutting,
minor forest products harvest, wildlife harvest and
shifting cultivation,

IMPACT OF YARIOUS TYPES OF UTILIZATION
ON BIOLOGICAL VALUES -

TMFs are the most diverse ecological systems on carth
(Unesco 1978). Biological richness of this biome is
greater than any other, with almost half of the carth’s
estimated 5-10 billion species occurring on less than
ten percent of the planct’s surface. TMFEs are less known
to scicnce than any other biome. The great majority of
species  have been little  documented.  Little s
understood of the basic community dynainics and
energy flows, but some general principles  are
understood to be important,

Since it is usually the vegetation which is the raw
material being harvested the main problem becomes
one of assessing the impact on the poiential of
remaining vegetation o recuperate. All of the
vegetation must  be  considered, not only the
commercial specics, but also the herbs, vines, shrubs,
paims, epiphytes and non-commercial trees. This
should be followed by an examination of ihe impact on
other parts of the ecosystemn like soils, water and
animals specics.

a)  Species richness and diversity (numbers of different
species present)

Numerous scientists over the last decade (Gomez-
Pompa ¢t al. 1972, Richards 1973, Farnworth and
Goilley 1974, Whitmore 1975, Myers 1976, 1979)
have called attention to the loss and potential loss of
species due to modification of TMEs. The potential
dangers caled to attention are very real ones and they
should not he disreparded in planning for wise
Mmanagement and use of TMEs,

The less a tract of forest has heen subjected to
damaging factors (¢ither natural or man-made), other
than very small natural disturbances, the closer the
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Fig. 12, Cibodas Reserve, (Photo credit: WWF)

Fig. 13. Two scientizts using the aerial walkway 30 metres above the
ground in the canopy of lowland tropical forest in Panama. (Photo
conurtesy WWE )
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Fig. 14 Light-loving secondary growth. (Photo credit: WWE/U.
Rahm.)

number of species in it approaches the inaximum that
is there possible. Presence of all size classes and age
groups in cach and every species are important criteria
of integrity or richness. The more species an arca
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 ro that specific site and are
thus more likely to provide something uscful to nature
at that site and to human welfare 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 specics 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, raintorest
survived as small patches like islands, are likely to
harbour concentrations of species. More species are
likely to occur where there is more varation in
topography and soils within refugia.

Itis 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
refugic which did occur in the past should be
proiccted.

Owing to the difficult and slow dispersal of many
moist forest tree species (caused by large sceds and
woody habit), geographical barriers, like mountain
ridges, oceans and wide rivers hold back large numbers
of them. This makes iv probable that cach river basin
has its own different TMF flora and fauna, with its
own share of endemics. Off-shore islands represent a
similar case,
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Loss of species has potentially severe consequences
in TMFs for two reasons. One, TMFs contain so many
species that loss of forest is likely to result in loss of
more species than would be the case if an equal area of
temperate forest was lost. Second, TMFs are much less
uniform i space than are teniperate forests. Therefore
removal of a certain patch of forest will remove from
there a particular combination of specie, which is
muckh less fikely to reoccur elsewhere in space than
would be the case in temperate areas.

Logging can canse considerable reduction of species
representation  locally, not only those that are
harvested, but also other numerous species of
undergrowth, epiphytes, lianas and so on Kitled by
falling trees, or during skidding and kauling. A figure
is widely quoted that to harvest 10 percent of the
wood, so much of the canopy is destroyed that a mere
25 percent of it remains. These findings from Malaya
have been confirmed in Sarvawak, where 2 cut of 6-8
trees per hectare left oely 21 percent of the forest
intact. Wiile these losses are mainly of individnals of
certain  species, there is always the danger of
irrevocable loss of an entire species.

It is also common, in certain silvicuttural practices,

that the undestrable, non-commercial species are
girdled (Meijer 1968). In the past, they were also
poisoned but ise of poisons has decreased in recent
years. Removal of undesirable trees leaves the logged-
over area more open, thus paving the way for the
imvasion of weed specics 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 arc potentially of cconomic
value and many of themn also are unknown to science,
which is an even greater cause for concern,
Where patches are removed from the canopy, the
undergrowth is exposed to increased radiation. Light-
foving sccondary growth accelerates quickly
competing with any shade-loving seedlings remaining,
so the entire regeneration cycle has to start afresh (Fig.
14). This seriously reduces the space available for the
primary forest species for decades, and is thus likely to
result in the disappearance of mnany species from the
logged-over forest. Counts of trees may not reveal
serious losses, vnless they include the rarer species and
all the other lite forms which may play a vital but less
conspicuous role in the forest ccosystem.

Intensive logging results also in the loss of habitats
of certain animal species even though it creates new
habitats for oihers. Many animals are tolerant to a
certiain degree of disturbance, some are intolerant of
any disturbance, while others thrive weltin seral plant
communities. Logeing, therefore, can change the
animal  species composition and  the change s
proportional to the degree of disturbance, There are
localities where logging has increased the popilation
of past species, e.g. malaria vector mosquitos and rats,
with undesirable consequences.



During the extraction of timber, scarce nutrients are
carried off with the logs, 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 even roots from the
site) causes even greater disruption to the nutrient
cycle.

The great majority of bird and mammal specics
requires the presence of undisturbed habitats for their
survival. Communities of sich animal species have not
evolved in and cannot survive in the much less complex
environments that develop after forests have been
felled (Medway and Wells 1971) (though they may
return fairly soon if suitable alternative habitats are
kept intact nearby for shelter). The amount of land
required for survival of populations of 5000
individuals (an estimated lower limit population size to
maintain most vertebrates) of eleven speeies of birds
and mammals in the Malay Peninsula is estimated 10
range from about 250 sq. km to 10,000 sq. km,
Conscquences of  preserving larger arcas should
therefore be taken into sccount during planning of the
use of the TMF resour e,

There is sufficient evidence from studics of bird
populitions to suggest species richness will decline as
forest is divided into small patches or the area of 4
larger patchis reduced (theory of island biogeography,
see MacArthur and Wilson 1907, Myers 1979, Lovejoy
and Oren 1981, Lovejoy 1982). There is much debate

-

over the optimal sizes and configuration of protected
areas and what takes pliace in paiches of TMF of
vurious size and shape that become isolated (Diamond
1975, Terborgh 1975, Ranney et al. 1981, Lovejoy et al,
1983a). 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 er al. 1983b).

It has been reported often that when forest is
selectively logged, about half of the animals move out
of the forest. Some may take temporary refuge in
surrounding forests and return when the cutting has
been completed. But if the logging is extensive, the
surrounding  forest may not be able to absorb
immigrants. I the logging is clear felling, the habitat is
altered so severely that most animals, particularly the
arboreal species, are displaced for a jong time.
McClure and Othman (1965) reported that, in the
Malay Peninsula, destruction of forest resulted in great
changes in the bird fauna and that the remaining forest
wias not able to absorb those displaced. This is
attributed to sitvations where the remaining hakitat
does not satisfy (or does not correspond 1¢) the niche
requirements of the species displaced, or where it is
already fully occupied. Displaced birds will wander
around searching for a suitabie unoccupied habitat, or
die.

Primate species composition is upset drastically by
large-scale logging. In Uganda, Struhsaker (1972,
1975) observed that black and white colobus are
benefited by disturbance, but, in contrast, the red
colobus (Fig. 15), common in undisturbed forests,
becomes uncommon in logged-over areas. A similar

1ping through top canopy of Ria National Park, Ghana high forest. (Photo credit;




Indonesia. (Photo credif: WIF))

situation has been reported also in 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 the animals of their babitats
which otherwise contain all resources required for
their survival.

Many other forest animal species have wvery
specialized requirements. The Southeast Asian
hornbills (Fig. 16) require large, hollow trees for
nesting sites (McCluare 1968), and Puerto Rican parrots
build their nests only in large holow specimens of a
single tree species (Wadsworth 1975). Many other
species may have very specific nesting and feeding
habits that require specific habitat conditions, and
these species undoubtedly will be »./fected seriously by
intensive logging.

Where intensive logging is not carried on, often
some forms of *‘stand inprovement™ or “silvicultural
measures” are tried. These measures, which do 1.t
always include felling of timber species, often cause
considerable damage, even though they are usually
carefully administered. One standard measure is
chmber cutting, this removes about 10 per cent of the
flora, among them many medicinal species, e.g. in the
families Apocynaceae, Connaraceae, Leguminoseae
and Menispermaceae. Strangling figs (Fig. 17) are also
killed. In Sumatra these figs are known to provide the
staple [ood 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 are quite a2 number of
ornamental orchids 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 thiese
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,
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- Harvesting of minor torest products has much less
mmpact on species vichness, unless a commercia)
market demand leads (o over-esploitation of one of 3
fc\\'/ ‘spc.cics, €& it in parts of Malaysia and the
Philippines. in fact, way of biarvesting was the
traditional methaod ot exploiting a rain forest ungjl weil
into the 19th century. By compurison, logging for a few
highly prized timbers is o crude, inctlicient way of
utilization, because it uses a4 mere handtul of Sp(.:cics
out of many, takes out litrge amounts of scarce
minerals, and destrovs or alters a large part of the
ecosystem that produced these valuable timbers i the
first place.

Minor forest products collecting can cause dumacge
c.g. by overtapping latex- or resin-produciny !r;c::
(Fig. 18), or carrying out the tapping incorrthly or
carclessly, or overharvesting of bark, removing of
tubers, orchids (Fig. 19), or animals in more than small
quantities. Heavy rattan-pulling can also lead very
casily to degradation, i

Harvesting activities of hunting znd  gathering
peoples are thought to have little eftect on species
composition provided whole plants are not removed,
However this is probably not true for hunting. TMFs
of Africa are remarkably poorer in some species than
those in Amazonia and Malaysia. One cause might weil

Fig 17, Strangling Fig, Tungeoko Nature Reserve, North Sulawew,
Indonesia. (Photo credit: WWE/M. Deépraz.)
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Fig. i8. Tapping rubber, Indonesia. 1963, (Photo credit: WWE/E.
Shumacher.)
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be the influence of humans, which in Africa, the
tongest-inhabited continent, is much greater than
elsewhere (5 mitlion years habitation compared with
20,000-50,000 ycars on the other continents).
However, for practical purposes, hunting-gathering
can be said to be a sustainable activity, provided it is
conducted outside i cash economy (Fig. 20), but this is
becoming increasingly ditticult for people in the
tropics because of outside pressures.

b)  Genetic diversity (within species variaiion)

Until the last decade, most logging of TMFs was
“selective logging™. A relatively small number of high-
value species was harvested and the rest left, often later
to be cut down and burned by shifting cultivators or
agriculturists. The trees left may not have satistied size
class limits, wood quality prescriptions or end-use
classifications. In West Malaysia where there are more
than 2500 tree species, 700 reach loggable size and only
about 15N are recularly togaed (Burgess 1971). The
same is true in Ghana where only 16 out of 175 species
of large trees are regularly harvested (Mensah 1966).
Most of these trees are the la rge emergents (Burgess
1971) rather than the smaller trees in the main canopy.

In mechanical logging, the felling operation and log
extraction of the laige well-formed, valuable trees
Cause the most conspicuous damage, though this varies

Fig. 19. Orchids ate collected from the forest as a matter of course.
The Tady is holding a specimen of Grammatopkyilem papuanum, the
largrest orchid in the world. Wt grows as an epiphyte on trees and
sometimes rocks. Our reserves vill serve to protect the marvellous
diversity of orchids, which sumber more than 2700 species, Irian
Jaya, Tndonesia, (Photo credit: WWTE/R, Petoez))

Fig. 20. Manado, Indonesia, bats sold as food. (Photo credit;
WWE/W.F. Rodenburg.)
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in intensity from continznt to continent becanse of
differences in the forest makeup (Nicholson 1938,
Redhead 1969, Wyatt-Smith and Foenander 1902,
Mensah 1966, Fox 1968b, Tinal and Palenewen
1978) or because of differences in mechanical
cquipment used in logging (Serevo 1949, Walton 1954,
Nicholson 1963, Fox 1968d, 1969, Russell 1974,
Blanche 1978, Rapera 1978, Burgess 1971).

Genetic diversity is adversely affected by genetie
crosion caused when large, straight trees with sound
boles are removed in preference to other individuals
with (commercially) less desirable characteristic -, The
less desirable ones are the ones lef* to provide sced for
the following crop so that a nermally distributed
spectrum of variation of certain characters within a
species ne fonger exists to take its placein contributing
genetic material to future generations (Blanche 1978),

If more kinds and sizes of trees are logged in the
future this type of genetic erosion may be minimized
because the effect will be spread more evenly uand
widely. Manual cutting for fuel, provided whole stems
are not removed, will have very little cftect on species
diversity. However, if certain trees are selected for their
particular usefulness as fuel and branches are
continually lopped so as to prevent flowering and
fruiting this would have the same cffect as fuvouring
certain specics for timber. The situation with gathering
of rinor forest products would be similar. The cffect
of wildlite harvest could be cither positive or negative
as regards genetic diversity. Vigorous hunting and
trapping weald tend to climinate  casy-to-catch
members of a species. This would lead to the reverse of
the effect found with selecting only the conunercialty
vatuable timber trees. Instead of the “worst” menibers
of the animal specics being left in the forest, the “hest™
are left behind to reprodace. Much depends on the
numan point of view: the weakest individuals nyy
have tender flesh (“best™) while the strong ones may
have tough flesh (*“worst™).

Traduional shifting cultivaticn, with its clearingand
burning of small patches of forest in random locations,
usually dees not discriminate amony individual
members of plant and animal species, therefore, is
uniikely to have an adverse effect on genetic diversity.

¢) Gene pool of potential direct use of human heings

There can be no doubt that adding to the incomplete
knowledge of the species found in TMFs is certain to
result in the discovering of new processes and products
of benefit to the world. Despite limited knowledge
about genetic reservoirs, Myers {1976) believes it is a
statistical certainty that TMFs contain  source
materials for many pesticides, medicines, contra-
ceptive and abortifacient agents, potential foods,
beverages and industrial products. He goes on to state
that the specialized genetic characteristics of many
localized species arc of particular value for human
purposes, yet these attributes are associated in many
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instances with restricted range, precisely the factor that
makes them vulnerable o destruction.

Indiseriminate harvest of certain species, regardless
of knowledge of their characteristics, could potentially
lead to a loss of valuable genetic information for all
tine,

All types of utilization, mechanical logging, manual
cutting, minor forest products 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 package containing all the
genetic code of the male and female pavents. The
destruction of species before sexual maturity and the
gathering, cooking and cating of fraits, nuts and sceds
thus could have a severe impact on the gene pool.

IMPACT OF VARIOUS TYPLS OF UTILIZATION
ON PHYSICAL VALUES

a)  Soil stability and proteciion

Deep, well weathered, mostly acid, tropical soils,
which form under conditions of high raintall coupled
with high, uniform temperatures and high rates of
organic matter turnover dre tightly linked to the
vegetation growing on them. When that link is broken
through harvesting  or otherwise modifying  the
vegetation, the soil characteristics change. Not all
tropical soils are the same. Some can withstand
cnormous abuse and still support luxuriant vegetation,
others are extremely sensitive and, if disturbed, can
support only a less productive and less diverse flora,
Because of potential irreversibility of the changes
which can occur in the soil under TMFs, forest cover
holds a principal position in maintaining long-term
site quality and must feature prominently in land
classification and land-use planning,

Some paits of the tropics are characterized by high
mtensity rainfall over short (storm) and prolonged
(monsoon) periods. On sloping land, potential for
crosion by water is very high. Any form 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 be
lovger in drier parts of the tropics and where
disturbance is continual or at frequent intervals. In
general, the propensity for damage on any bure area,
will increase with increasing slope, given the same soil
characteristies and the same raintall 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 rescurch, seed collection, hunting/
gathering, tourism and minor forest products
harvesting ordinarily do not reduce the functions of
the forest in providing soil protection, unless roads or
heavily-used trails are employed.



Traditional shifting cultivation done on a
sustainable basis, in which short periods of cropping
on small areas of one or two hectares arce followed by
long fallows, initiates some on-site erosion during the
cropping period. However, erosion material is trapped
by the downslope fallow area and seldom shows up as
stream sediment unless the cropped area is adjacent to
a water channel. When traditional stable shifting
agriculture is replaced by the uinstable form of
productivity-degrading cropping (usually for cash
crops rather than subsistence) then the soil protection
function of a quickly re-established cover is lost.
Serious crosion and sedimentation have been
accompanied by nutrient decline. Degraded forest or
savanna has actually replaced TMF under the
influence of unstable shifting cultivation. Indis-

Fig. 21(a). Tree cutting, (Photo credit; WWIE/C, Martin.) (b). Rain
forest destruction: felling of a giant (ree, Tai region, Ivory Coast.
(Photo credit: WWFEF/U, Rahm.) (c). Loader with logs, Malaysian
rain forest. (Photo credit: WWE/G. Davies.)
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criminate use of fire tends to accelerate the rate of
degradation,

Cutting of the trees themselves has minor impact on
the cxisting erosion conditions prevailing under
undisturbed forest, except on steep slopes. It is not the
number of trees cut or amount of canopy removed per
se that causes loss of soil stability. Ttis the wayin which
the wood products are removed that has an important
negative impact. Logging as currently practised in the
tropics pays scant regard to proper techniques of
locating, creating, maintaining and retrieving such
soil-disturbing activities as skid trails, roads and log
landings (Fig. 21).

A network of trails and roads removes the protective
litter and ground vegetation cover, rendering much of
the arca susceptible to splash erosion, sheet wash and
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even to gullying. Following logging, the soil protective
functions of the TMF are markedly decreased, and on-
site erosion occurs, On-site crosion can result in off-
site problems such as increased sediment loading of
streams emanating from the exploited forest, Sediment

mcreases can;

— destroy or harm aquatic life including fish;

- impair water quality for downstream communitics:

~ accclerate sedimentaiion of reservoirs and lakes;

= raise stream channel beds in lower reaches thus
aggravating flooding problens;

- create stagnant pools which provide habitats for
vectors of disease;

~ alter sedimentation regimes of important estuarine
mangrove areas to their detriment.

Extraction paths (including skid trails and
secondary haul roads), yarding lanes and log ramps
occupy an appreciable area of logged forests. The area
subjected to this kind of severe disturbance varies from
15-50 percent, but is typicatly about one-third of the
total logged area (Serevo 1949, Nicholson 1958, 1965
Redhead 1960, Hartawinata 1978). There is no
doubt that arcus where soil is severely disturped by
machinery recover very ditferently from reiatively
undisturbed logged arcas (Nicholson 1963, Fox 19684,
b, ¢, d, Meijer 1970).

The bared arcas which canse the problems may be
revegetated gradually by natural means so that, over
time, the soil protection function is restored, The

length of time will depend on climate and whether or.

not there is subscquent disturbance such as fire,
grazing or cultivation. Very severe gullies and landslips
may remain, actively cuiting and producing sediment
for decades. Much of the decrease in soil protection
function can be preveated throngh modifications in
logging practices. Among these physical measures
would be:

- reducing in size machines used and choosing
carefully the method of traction (¢.z. metal tracks
or rubber tyres);

- using aerial systems
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 to
act as sediment and nutrient trags.

(high line, helicopters,

These faciors and others are treated in a logging
guideline section of the FAO publication **Guidelines
for Watershed Management™ (IFAO {977) 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 he maintained at the highest level. Improved
treining and supervision of machine operators are
both necessary. All this may increase costs and will be
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resisterd by commercial logeers of TMI, vut more
carctul analysis by loggers may often reveal that “so’l
conservation lopging™ actually reduces their overall
COsts.

Some steep, critical areas prone to mass wasting
cannot be logged, even with great care, without the risk
of soil creep or Lindslides. Even cutting trees, without
logging, can trigger problems, as the roots decay and
shear strength of soil Luyers is reduced (O'Loughlin
1974). These critical arcas should remain under
protection forest.

b)  Soil feriility

The TME owes its name to the wet climate that
sustams it annual rainfall ranges between 1500 and
7000 mm more or less evenly distributed ever the year.
The rain dissolves quickly most of the free inorgatiic
nutricnts, taking them always downward through or
over the ground o the streams. Since the soil has been
leached to such a great extent, the main source of
nutrients in TMLES is the decomposing biomass from
where the nutricnts are recycled quite cffectively by
flora and fauna. Thus, stream water is often a2lmost
free of dissolved sults in mature, intact forest.

Many surface soils of the humid tropics owe most of
therr cation cxchange capacity (CEC) to colloidal
organic matter content rather than clay.

Loss of nutrients from a site is detrimental and
irreversible unless massive inputs of ciergy  and

_artifical fertilizers are used (Coulter 1950, Riquier
1953, Popenoe 1959, Cunningham 1963, Nye and

Greenland 1964, Kellman 1969, Sacrianegara 1970,
Ewel 1976).

Soil organisms arc important in nutrient cyclingand
developing soil physical properties and are often
directly involved in tree nutrition in TMFs as
mycorrhizac (Singh 1966, Went and Stark 1968, Stark
and Holley 1975, Janos 19804, b). Site modifications
following Togging and widespread unstable shifting
cultivation could alter drastically the mycorrhizal
fungal populations and aftect recovery and growth of
vegetation,

The limited number of studies on micro-organisms
other than mycorrhizae (bacteria, fingi and arthropod
populations) indicate these decrease following site
disturbance (Cook 1909, Coulter 1950, Meiklejohn
1962, Lasebikurr 1975, Blanche 1978) though those
findings arc 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, Meikicjohn 1962),

Tropical micro-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 cnable them to survive temporarily
adverse conditions (Ewel and Conde 1980).

Scientific research, seed collecting, hunting/



gathering, minor furest product harvesting, and
tourist activitics in TMFs normaily do not seriously
affect the fertility conditions of the for:st.

Shifting agricultiue 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 period of cultivation and the long fallow
enabled  these traditional (tribal) people to shift
(rotate) their plots, and continue forest farming in the
same arca, so that thev themselves did not shift
(migrate).

Nutrient loss due to leaching is not always
permanent. Numerous studies, including a number
dealing with traditional shifting cultivation and its
associated fallow vegetation, indicate nutriernts
immobilized in regrowth and fallow soil quickly
approach those found under mature forest (Joachim
and Kandiah 1948, Snedaker 1970, Soeriancgara 1970,
Brams 1973, Harcombe 1973, 19774, b, Golley et al,
1975).

Whether some of the leached nutricats can be
retricved by deep rooted plants depends on soil texture
and depth. Such uptake is less likely from fine-
textured, deeply-weathered soils which are impertectly
drained, nutrient poor and have most roots only in the
upper 10-15cm, than from, sandy, well-drained soils
deeply penetrated by roots,

Unstable shifting cultivation which is curremtly 4
major feature of tropical land use is a completely
different case. In these systems, the cropping period is
extended (usually with the production of a single
species cash crop, e.g. pincapples), and the fallow is not
long cenough to permit restoration of the nutrient
status. Tt is often accompanied by cerious crosion
which further reduces the productive capacity of the
site. Derclict lands requiring hundreds of years to
return to productive, thougl altered, TMIF are a
common consequence of this practice.

Commercial timber or tuclwood extraction also has
a potential for impairing fertility status. Felling of trees
and disturbance of litter during mechanical logging
breaks the clesed nutrient cycle and leads o losses of
nutrients from the “matuie” rainforest svstem, in
which most soils are inherently infertile (only *“oung”
soils still undergoing the process of  primary
weathering are inherently fertile, ¢.g. voleanic alluvia).

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

i) there must be a minimum of litter disturbance by
machinery through preplanning of optimum
extraction routes and careful choice of machines

_and techniques;

1) since burning helps to mobilize nutrients and
destrovs the biologicul nutrient cycle, there

should be a minimum of piling and burning of

. logging stash;
) the more nutrient-rich parts of the tree (leaves/
bark, often removed for fuet) should be left on site

1o decompose naturally, as proportionally
smaller amounts of nutrients are removed in
wood alone;

iv) increased utilization of “waste™ wood (branches,
broken saplings, roots) which may, at {irst glance,
seem to be more effective use of the resource,
should be avotded asit could remove some of the
physical protection of the soil and represent a
greater nutrient drain on the forest.

If buming is used after logging to reduce slash or too
frequently in the shifting cultivation cycle, nutrients
tied up in the debris are released and maybe lost due to
leaching and runoff (Brinkmann and Nascimento
1973). If regrowth 1akes place rapidly this loss is
mininal,

In addition, any erosion which occurs due to the
logging techniques (see previous section) carries with it
nutrients which should stay oun-site and the local
fertility status is thereby reduced. Fertility could be
restored by application of fertilizers but this would be
very expensive and would be ineffective without
restoring sotl structure to reduce runoff.

¢) Water values

Most TMFs 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
beciuse of a riverine or swampland location). Of this
rainfall, potential evapotranspiration is about 1.6
metres (Ewel and Conde 1980), leaving most of the
ditference available as groundwater or runoff in
chiamaeled surtice streams.

Quantity and quality of this water is influenced by
how the forest is alterzd. Thus, these altertions have
importance to humans who would use thae water for
irrigation, water supply, hydropower and transpor-
tation, though these changes may be far-removed from
the forest being considered. Fish and other aquatic life
are affected also by changes in quantity, distribution
and quality of water coming from forested watersheds,
In tropical countries, a great deal of economic
developnient is based on increased use of water
resources and fisheries. so that any changes in water,
whether beneficial or harmful, aie of major concern,

Unfortunately, most of the long-term forest
catchrent  experiments have been conducted  in
temperiate forests, and very few indeed in TMF
watersheds (Boughton 1970, Bosch and Hewlett 1982).
A recent state-of-knowledge and status-of-research
svnthesis for tropical forests has been produced by
Iamilton and King (1983) indicating the effects on
water and soil of various uses or alterations of forest
lands. “Three aspects of water resources are affected by
forest utilization: water quantity, timing, and water
quality.

(v Water quantity and timing  Reduction in forest
cinopy by tree renval through any of the activities

’)l,
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under discussion results in increased witer yield in
streams,  with  ¢he  increase  in general bemg
proportional to “he amount cut (Bosch and Hewlett
1982, Hamilton and King 1983). The increase oceurs
because of a reduction in evapotranspiration. One
major exception is where forest is cut which was
performing the function of moisture capture from
clouds or coastal fog.

Minor forest product ha rvesting, hunting-gathering,
tourism or other uses where little of the CANOPY Iy
removed and no large trees felled, has very little efteet,
Stable shifting cultivation and logging involve tree
felling and, for the same area treated with the same
degree of canopy removal, may have somewhin
comparable immediate rest s, As the forest LTOWS
back under traditional shifting cultivation or following
logeing, the effects on water quantity - gradually

disappear until the next  disturbance, In M
situations the eftects may last from 6 to 15 years
(Hamilton and King 1983). For unstable, site-

destrustive shifting agriculture the effects may besenmi-
permanent, especially if the area has been converted to
a degraded savannah.

Most controlled experiments have shown that the
increases in yvield of water oceur throughout the year.
Peak flows are generally increased, stormtlow volumes
are generally increased and peak flows advanced
somewhat in timing with longer Jurution, and the
greatest differences have come on deep sotls at Tower
elevations as opposed to thin soils at hieh cleviions
(Douglass and Swank 1972, Douglass 1981). These
stormflow parameters are generally increased even
more by the skid trails, roads and lendimgs that
accompany  commercial logging  operations.  Thus
streams i the watershed being utilized immediately
downstream of the altered forest watershed may
exhibit greater flood frequency and intensity. These
effects cannot always be related to whit huppensin the
lower reaches of major rivers, where wiban flood
problemis often involve substantial loss of life and
property damage, because factors other than
alteration of vegetative cover become more over-riding
(Hamilton and King 1983).

Increases in water yield generally oceur also in the
dry season. In tropical Australia a small stream which
usvally ceased flowing before the onset of the wet
season became perennial foilowing logging (Gilmour
1977). Groundwater levels usually have risentollowing
forest cutting (Wicht 1949, Gilmour 1977). Conversion
to other uses, where soil is subsequently eroded and
compicted, also usvzlly increases wiater (and
sediment) yield,

In scasonal moist forests, if there is total leat dropin
a prolonged dry scason, the increase in water vield in
the dry scason may not oceur.,

Once more the important effect of so-called “cloud
forests™ in the montane tropics, in capruring water
from moisture-Taden air and addingittothe or:hed
budget, should be emphasized (Zadroga 19V 7). Major
disturbance to these unusual ecosysiems may reduce
year round water availability.
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(i) Warer gualiy  Minov forest product harvesting
(ncluding seed collecting), hunting-gathering, tourisim
and some forms of scientific rescarch are usually
conducted without causing on-site crosion that would
impair water quality it it reached the streams. Nor are
chemicals usually emploved in these activitios which
would create a water quality problem. More intense
uses such as non-traditional shitting agriculture,
fuelwood harvesting or commercial fogging usually
result in full or partial removal of the torest sojl litter
and understory vegetation which exposes the soil to
potential splash, sheet, and nill croston, and it trails
and roads are used, even to cullies. It this erosion
material s not prevented f1om being transported by
stall water channels 1o the crecks and streams by
witer bars, debns, or bufler strips, it becomes a
sediment problem atfecting water quuhty. Some of the
harmtul consequences ot erosion and sedunertation
have been mentioned in the section on soif stabifiry
and protection. The type of shifting agriculture is a
major influence on whether or  not important
impairment ol witer quality occurs, Unstable, cash
cropping types practised on steep slopes have left
behind degraded lands which continue to deterioruie
and deposit sediment into watcicourses. The stable
systems i which a mosaic of cropped, fallowed, and
forested patches occurs may have lintle impact on
water quality because of the sediment trapping cftect
of adjacent uncropped “fields™ (Hamilton and King
1983).

Cutting trees on mass-crosion prone slopes can
reduce shear strength of the soil as the roots decay, and
mitiate fandslips that may continue for decades as
active sediment sources (O'Leughlin 1974). The wayin
which the felled trees are removed from slopmg land is
Oomajor determinant of the  sediment potential
(Burgess 1973, Rushin and Manan 1980, Gilmour eral.
iUs2),

Water quality also can be impaired by the increased
addition of nutrients as a result of forest harvesting.
Nutrient outflows follows loguing, not only by export
from the arca in wood and bark but through leaching
and export in water flowing from the area, Such
nutrient outflow is proportional to the volume cut and
removed. Increased  nutrients in streams usually
contribute to aceelerated enrichment (cutrophication)
of ponds, lakes and reservoirs, While itially such
carichment may he beneficial, in the tongrun itusually
hirms the vadues which humans derive from surface
witer bodies. Nutrient losses tom certain TME
ceosystents, already finely balanced in a tight cycling
system, resultin impairment of the fertility budget of
the site and impairment of future productivity,
Productivity can be restored over time by regrowth of
sceconduary species (Hamilton and King [983).

Carcless use of pesticides that are used to protect
fogs from deterioration in the forest may impair water
quality. This problem can be reduced by keeping log
landings away from water chiannels, by leaving
streamside bulfer-filter strips of uncut forest and by
carctul use of such chemicals,



Fig. 22. Kofan medicine Man, Amazonia Columbia. (Photo credit:
WWFE/R E. Schultes.)

d)  Local climate und otmosphere

Local climate or ccoclimate, the climate at the habitat
level to which whole organisms are exposed (Ewel and
Conde 1980), changes as a result of utilization of
tropical forests (Whitmiore and Wong 1958, Schulz
1960, Chew 1968, Brinkwmann 1972, Longniin and
Jenik 1974).

Cutting of TMI's leads to an increase in the amount
of reflected heat (albedo). If a large enough area is
exploited, there could be an increase of such
magnitude that the heat budget will be slightlv akiered.
When the land is converted 1o other uses, this may be
serious enough to shift weather patterns. 1€ the forest is
regenerated, the normal albedo will be restored as a
full, mature, forest canopy develops.

As far as is known at this stage, commercial logping
which is followed by forest regrowth or even planted
crops, has no effect on rainfall. As previously pointed
out, cutting of forest does reduce the capture of occult
precipitation in moisture-laden clouds or fog,

The forest docs act as a filter - purifier for certain
types of air pollutants such as particulate matter and
certain gases. As long as the capactty of the forests to
cleanse is not overtaxed, this tunction is a {ree service,
Commerical logging reduces this function by reducing
the size of the filter and the density. If regencration s
obtained and the torest allowed to regrow, this
function will be restored.
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Fig. 23, Sikerei or medicine man, Siberut Indonssia, (Photo credit:
WWE/T, Whitten.)

IMPACT OY VARTIOUS TYPLS OF UTILIZATION
ON SOCIAL YALUES

Commercial logging of TMFs inevitably has a
disruptive impact on the social uses and values of these
forests, both of the communities living within the
forests themselves, and also in those communities from
adjacent arcas who use the forests.

Logging also will influence adversely traditional life-
styles (Figs. 22 and 23), and will reduce knowledge and
understanding of traditional uses of indigenous plants
and animals. Furthermore, opportunities to use
undisturbed TMFs as living laboratories for education
and rescarch purposes will, on the whole, be adversely
affected by mechanised logging, although opporiu-
nitics will be presented to study and demonstrate the
resulting short- and long-term" ecological changes
provided detailed descriptions of the original site
conditions have been prepared. Also of immediate
concern is the peneralloss or reduction of an important
resource for tourism, recreational use and wilderness
expericnce. An exception is provided by certain
subsistence-level communities or rural communitics
where “wilderness™ is  neither  appreciated  nor
recognized, and where mechanized logging is regarded
as a positive  development by opening up .n
inhospitable forest. Conversely, there are examples
where forests have been preserved or managed for
religious, mythical or ritual reasons. For example, to
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imbalance. When left to themselves, they change
continuously.

When  this altered  state has been reached
(regrettably), people could try to influence the
successional process to their own advantage, so that a
system results which is truly exploitable, although only
a fraction of the original social and moral values
remain, One such stratepy might include reforestation
by artificial means, Scecondary forest and artificial
forest are renewable, while traditional stable forms of
shifting agriculture also have been sustained over
many generations,

Those who care for intact forests and their values
should protect them from any force that aims to
exploit them, for whatever cause. It is helpful 1o
distinguish between planned and spontancous impact
of human beings in order to direct these protection
eflorts. Planned impact is action intended by an
organized unit which operates in a more or less
controlied socio-cconomic structure of a country with
respect to construction of roads, logging schemes,
building of hydro-clectric dams, convers;on of forest
for large-scale agricultural purposes or urbanization.

Among spontancous impacts are such actions as
cutting of branches for fuel, the sawing of planksin the

torest, small-scale charcoal manufacture, collection of

minor forest products from the wild, and most forms
of hunting. The capturing of animals for trade is
ditlicult to classify, since it follows well-organized but
mostly illegal channels.

Unstable shifting agriculture can be both planned or

spontancous. 1t 1s often highly organized and part of

the socio-economic management structure of some
countrics where it is seen as the “‘solution™ for
resettlement of the rural, landless poor.

Planned impact can in its various aspects be
eapressed in statistics. It can usually be met through a
directed approach, if approval of higher authority is
obtained. Spontancous impact is much more difficult
W estimatc and to address, The distinction between the
Wo seems useful for a choice of targets and means in
conservaticn and protection cfforts, notably when
Compensation measures are considered  for a
Population which cexerts heavy pressure on  their
forests, for firewood and/or agricultural Jand.

In the case of planned impact. it seems essential to
attempt to draw up an accurate cost/henefit analysis.

0 be accurate, this must include all factors and values,
and be long-term, though 1t is recognized that it is
dillicuit 1o put monetary figures on intangible values
OF TMFs. It seems unjustified to treat the TME as an
Spendable commodity, a capital just to be consumed.
I dccounting is done ina responsible way, the outcome
very well may be that it is cheaper to leave the TMIF as
s, than to spend money on its exploitation. Similar
Products and income could be derived from another
Me nearby with different inputs.

Only  where shifing  cultivation and other
Pontancous impacts on these Iragtle  ecosystems
festify 1o the needs of a local population are measures

required in order to relieve these pressures on the
forest. 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 ML is far casier to stop than shifting cultivation.
Planned destruction often appears on more careful
analysis unnecessary. inefficient, and expensive. The
exception is in countries where there is an acute
shortage of both land and timber,

Forestry aund preservation need one another, but are
very different things, if only in lengih of outlook
through time. Forestry tends to meet a demand, and
thisis often used as an argument to deplete the primary
forests irreversibly. Too often the philosophy
presented as “economy™ has been one of capital
consumption. Now that the end of TMFs asa source of
tmber comes within view, it must be clear that this is
eventually a fruitless course, Insofar as a demand has
been created that cannot be satisfied, such forest
policies could have a destabilizing eftect. For a long
time, the TMFs have been mined, and very tittie of the
profits have been recycled in investment efforts. While
1L1s not to be expected that logging in the TR s will
stop overnightas a result of the present paper, it might
be feasible to work for a policy of an annually
icreasing re-investment into other forestry activitics,

The nature of these activities should be dictated in
the first place by the ecological situation. From what
has been said above, it follows that the different types
of vegetation in TMIE countries each need a different
approach for optimal utilization.

a)  Intact TMIY, which for this reason still contains all
vialues: protection. If exploitation scems
inevitable, collection of minor forest products is
lar betier than timber exploitation.

b)  Madified TMI: manage for production of native
hardwoods  according  to strict  ecological
guidelines (Poare 1966, FAO 1977, Masson 1983).

¢) Secondary forest: improve with useful species or
use for purposes of agroforestry and stable
shifung cultivation.

d) Artificiad forest: vigorously to be extended, into
the areas of (¢) and ().

¢)  Degraded land: revegetate with () or (d).

If these ground-rules are accompanied by a well-
thought out and documented landuse plan showing the
place und role of cach category on a catchment or even
on a larger regional basis, nature preservation,
conservation and regeneration and exploitation of the
resource indeed can be all integrated with economic
development of the TMF so as to maintain biological,
physical and social values. Integration of two or more
of these ground-rules on a single parcel of intact
primary TMLI lana, however, is impossible. Amazonia
represents one of a few remaining large arcas of TMFE
where there is still time and space to plan for such
national development (IUCN 1983).

35



If TMF is to be exploited on a truly sustained basis,
Le. ad infinitum, with as little as possible harm inflicted
on the forest structure, and no endangerment to any of
the species in it, the following criteria should be met:

a) No population of plants or animals should be
diminished  below the minimuwn  critical  size
needed to ensure survival, This is an obvious
criterion, and a stringent vne, in view of the small
numbers of " .dividuals scattered over big arcas of
forest. The critical limit may not be far oft.
Unfortunately, scientists are still uncertain as to
what is the “critical size™ of populations and what
is the arca of land required to sustain them.

All food-chains and other pathways, like those of

pollination and dispersal, should be left intact.

Purticularly, larger animals are to be iespected for

their role in dispersing the lirge seeds (like the

avocado pear), and, in some cases as predators.

¢) The genetic composition of & population should
not be altered aruticiallv. Selective harvesting of
one or a few species or retaining enly the best is
one danger, because commercially inferior
specimens  are left behind (the sharper  the
selection, e.g. for harvesting by helicopter, the
more scrious these effects will be). Random
destruction of part of the genetic diversity of a
species, is another danger because it is not known
what has been lost.

d) No one size class should be completely taken out
of a population. The compuosition of an ccosystem
would be influenced over a very long period,
endangering the balance in the biological relations
involved.

€} No more inorganic matter should be withdrawn
from the mineral cycle than can be resupplied
through natural processes in a short recovery
period, or be artificially replaced ina practical and
cost-effective manner,

b)

Present day conservation contains components of
protection and preservation and of exploitation with
as little alteration as possible, or, restoration after
more severe alierations,

This approach works best where the carrying
capacity is known and exploitation can be easily
controlled cr 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 ceological damage. Any
level of exploitation, even for minor forest products,
can affect the biological status of a tropical forest; such
effects can lead to degradation which may not become
apparent for decades, especially in the lack of effective
monitoring of the immacts of human activitics in
tropical forests. Therefore, the current cfforts to
establish strictly protected tropical forest reserves
should be expanded, along with rescarch in support of
effective as possible management of tropical forests
which are due to be exploited.
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