Chapter 2

Natural Resources

(a) Energy Resources

The most accurate index of a country’s industrial progress is its per
capita energy consumption. Over 30 countries within the Common-
wealth have an annual per capita income of less than US$1,000 (Appen-
dix G; Page 93), and an energy consumption of 0.1-0.5 metric tons of
coal equivalent (mtce). Compare this energy consumption with 7.0 mtce
for Australia, 5.6 mtce for the United Kingdom and 13.5 mtce for
Canada. These three countries use two-thirds total energy consumed
by the Commonwealth, yet their population is less than 10% of the
whole. In the remaining Commonwealth nations, whose population
accounts for 85% of the total Commonwealth population, industrial
output contributes little to gross national product and the volume of
manufacturing industries is neglible. Two general characteristics unite
these nations amongst others: they are mostly agricultural based with
agro-industries not adequately developed; their indigenous conventional
energy resources are either inadequate or non-existent.

Nevertheless, it is generally agreed that if they are to achieve industrialis-
ation and their developmental goals, these nations will have to increase
their per capita energy consumption by at least 2 mtce by the year
2000. A case examination of their prevailing pattern of energy consump-
tion shows that the bulk is consumed in the form of hard fuels.

Only about 10-20% is in the more convenient forms like electricity.
Yet if a higher level of industrialisation is to be achieved, with an
improvement in the quality of life and an enhancement of the gross
national product, energy consumption in the form of electricity too,
will have to be considerably enhanced. Thus, in most of the countries,
by the year 2000, installed electrical capacity would have to increase at
a minimum, tenfold.
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But irrespective of this, the overall development of any such country
will demand a decentralised energy system that will involve a judicious
mixture of technologies and a variety of energy resources. For while,
on the one hand, large scale centralised systems are essential if sufficient
power is to be provided to the industrial sector, small scale decentralised
systems, involving low or simple technologies, are the only practical
means of improving the quality of life in rural areas. So far as the
latter is concerned, we recommend that the Council undertake the
development of anaerobic microbiology studies for enhancing biogas
systems with indigenous feedstocks. Through research, training and
information exchange, this renewable energy resource could be better
utilised. Because of its low quality it is not amenable to commerical
use but in the vast rural areas it can provide an attractive and effective
alternative supply source.

Though simple technologies for the use of biogas exist, little attention
has been given to the microbiological aspect of this fuel and studies
should be initiated that would examine the effective use of local
bacteria, and their particular environments, from one geographical area
to the next. Such a research programme is not likely to be expensive
and could build on the Council’s past programmes in Africa and the
Asia/Pacific regions.

In the same area the Council should urge member nations to reinforce
existing international efforts that lead to the identification and culti-
vation of fast-growing species of plants suitable as fuel. Monoculture
tree species capable of improved biomass yields, and able to be culti-
vated under varying conditions, should be introduced and their environ-
mental effects assessed. Improvements in renewable energy technologies,
especially from biomass resources, where there is an enormous potential
for innovation, whether in devices for conversion or utilisation, would
lead to great benefit for the predominantly rural populations. With the
help of biotechnology and an understanding of the local microbiology,
biomass conversion systems for rural application could be enormously
improved.

Similarly, wind- and solar-powered systems could be introduced to meet
the decentralised power needs of the rural sector. Efforts directed to
improving both the design of such systems and the greater use of local
materials, could lead to important cost reductions.

Thus the Council should, as a matter of urgency and present direct
action, undertake a survey of wind and solar regimes assessing them
for their potential as a source of local energy and the best manner of
utilisation. Parallel training in the assessment and use of these resources
should also be undertaken. Once again, these activities could reinforce
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present programmes in Africa and the Caribbean and once again, these
would not be expensive. In addition the Council should undertake,
through research, training and information exchange, the development
of a modest, low-cost, 5 MW solar thermal electric conversion (STEC)
modular unit. This would be a modestly expensive programme and
should again reinforce Council’s past efforts. Because of advances in
the development of low-cost materials and thermo-mechanical systems,
economic and efficient solar power systems are not only viable but
would be particularly attractive to most of the Commonwealth
countries, in spite of the low efficiency presently realised in the direct
conversion of solar energy to power.

There are three major and one minor primary technologies to consider
so far as meeting commercial needs are concerned: fossil fuel, hydroelec-
tric power, and large-scale terrestrial-based solar power system techno-
logies. Wind power could provide a further alternative in a few selected
countries.

Coal is the key fossil fuel here for commercial energy production: there
are massive known resources and a considerable potential for new
discoveries in Africa and South East Asia in particular. Discoveries of
even as low a figure as 20-50 million tons could make a substantial
difference to the energy potential of a small country since large research
and development efforts are required for the efficient use of low grade
coals. A number of methods for coal gasification and liquefaction are
now available that produce liquid fuel and at the same time, conserve
the gas generated. But these technologies need to be adapted for the
less developed nations—in some cases they need to be introduced. The
conversion efficiency of low grade coal has potential for even further
improvement: utilising the ash content for cement production is one
such and this should be studied.

But even more important is the fact that in most of the developing
countries thermal stations are run at a very low efficiency level, partly
due to the lack of trained manpower and partly due to the use of
obsolete systems. Methods that would improve the efficiency of thermal
installations and reduce the transmission losses are two vital areas
where assistance would be of immense help to developing countries.

The energy information network already established in the Asia/Pacific
region should be strengthened; similar networks should be established
at once in the Caribbean and African regions. The network in the
Asia/Pacific region is under the patronage of the Commonwealth
Scientific and Industrial Research Organisation (CSIRO), Australia,
and facilitates the linkage of international information that can be
disseminated on a regional basis. Such a pattern—an international
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information system interfacing with national ones, run under the
patronage of the institute of an advanced nation—seems to be very
effective in the spread of relevant information on a regional scale.

In the judgement of the Group, the priority areas for the Council’s
future initiatives are in anaerobic microbiology, solar power systems,
wind and solar regime surveys, and energy information systems. The
Group has been unable to assign priorities amongst these areas, and
suggest, therefore, that the council sets up a task force of experts to
determine the relative priorities between these projects. The Group
recommends that the Council allocates a sum of £200,000 per year (1.0
million per 5 years) to develop a minimum programme, and £450,000
per year (£2.25 million per 5 years) to develop a desirable programme
in this subject area.

(b) Mineral and Water Resources

Besides enhancing our knowledge of the environment, the geosciences
form a basis for sustainable industrial and economic development, with
water and minerals both contributing. Therefore, nations wishing to
continue building their economies need to acquire the indigenous capa-
bility to detect, assess, develop and manage these natural resources.
Techniques for surveying mineral and water resources depend consider-
ably on local and regional conditions. A variety of subject areas
here are amenable to international co-operation: geological mapping,
geochemistry, geophysics, remote sensing, hydrogeology, marine
geology, hydrocarbon and industrial minerals, are just a few. Certain
aspects of mineral and water resources are more amenable than others
to industrial co-operation, hydrocarbons for example.

The priority subject areas in a co-operative programme depend on the
nature and potential of local mineral and water resources. For instance,
a land-bound nation is not likely to derive much benefit from coastal
or estuarine studies. We do not recommend that the Council should
focus its programme on major geological phenomena since these are
of international interest and already well covered by co-operative
research and training. Instead, the Council should focus its programme
activities on those mineral and water resources of local extent and
economic importance.

The Council should consider immediately undertaking research, training
and information exchange in the following water resources areas: the
control of pollution of groundwater by faecal wastes and agrochemicals;
the development of remedial measures leading to the use of polluted
groundwater; the development of conjunctive use of ground and surface
waters, especially in coastal zones; developing methods for (i) optimising
rural water supply and small-scale irrigation, (ii) desalination of brackish
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and saline waters, (iii) the use of limited water resources, (iv) the
control in small islands of the freshwater-seawater relationships. These
projects would build on the Council’s past programmes, and with
modest additional funds are practical on a network basis.

In view of projected population and industrial demands, water research
and development is of a high priority worldwide, especially in Africa
and other drought-ridden places. This research would include the
assessment, development and exploration of water resources and their
quality and quantity control; in some areas such as the South Pacific
the study of saline intrusion and surface water relationships would also
be important. Assessment of water resources using remote sensing,
geophysical and modelling techniques is also of significance but requires
considerable funds. The study of environmental hydrochemistry, arte-
sian and phreatic aquifer systems and climatological patterns are of
long-term importance.

The Council should urgently consider developing regional geochemistry
through research, training and information exchange over the short
term. Building on the Council’s past programmes, this is practicable
with modest additional funds. Geochemical, geophysical and remote
sensing techniques are crucial for the detection and analysis of mineral
deposits such as hydrocarbons, metals and gems. Satellite imagery is
of limited value and geological data needs to be supplemented by
aircraft survey and ground truth (or field survey). Rock geochemistry,
offshore geochemistry, groundwater geochemistry, hydrocarbon geo-
chemistry and biogeochemistry are important over the long-term, but
since they require substantial additional funds for project development,
are limited to a few nations. Over the short-term the Council should
also consider developing the application of geophysical techniques,
especially deep crustal seismic reflection profiling. Though expensive,
the cost of such a programme could be minimised by collaboration
with commerical organisations. The development and use of interpretive
geophysical methods though important is expensive, and in any case,
can be pursued by nations on a bilateral basis.

The Council should upgrade training in remote sensing techniques using
fixed wing aircraft for large countries, and satellite imagery. This
imagery is readily available for use in small island states but must be
supplemented with ground truth.

The application of remote sensing for geological mapping and mineral
exploration is crucial, for reliable geological maps are essential pre-
requisities for mineral exploration and development. LANDSAT multi-
spectral imagery has been most reliable in the arid and semi-arid
regions, while imaging radar is most effective in the tropic-areas with
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considerable cloud cover. In certain cases, such as in geophysical survey
for minerals, fixed wing aircraft are important, but are inappropriate
for small states. Thus Council should consider giving special attention
to the training of technicians in geochemical and geophysical techniques,
especially in small states. The main limitation at present, for the
application of remote sensing techniques, seems to be the absence of
the necessary infrastructure.

The Council should continue the Earth Sciences Newsletter, which has
been a most successful means to disseminate information on geology
and mineral resources, in both the advanced and the less advanced
nations.

We recommend that the Council allocates funds to the following
priority projects in the mineral and water resources programme:

Levels of Programme Development

£ £ £
Initial Minimal Desirable
(Al) (A2) (A3)
Projects:
® Mineral Surveys 60,000 60,000 60,000
® Hydrogeology and
Geochemical techniques 400,000 900,000 1,500,000
® FEarth Sciences Newsletter 25,000 25,000 25,000
S-year Totals (£): 485,000 985,000 1,585,000
Per annum (£) 97,000 197,000 317,000

{(c) New Materials Technology

For our purposes the term ‘material’ means physical matter used to
construct things, whether components, devices, machines, habitations
or other objects used by man. ‘New Materials’ are those conventional
materials which, by improved characteristics or performance, have a
high potential for engineering or construction applications. It covers a
wide spectrum of material types whose use is dictated by their character-
istic properties. Two broad classes of such materials exist:

(i) Engineering materials, which have a high latent economic gearing
factor and permit an engineering structure and machine to fulfill
its functions. Examples are metals and alloys characterised by
strength and toughness, ceramics and cements with intrinsic high
hardness and resistance to temperature and corrosion; plastics and
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elastomers characterised by strength, low density and corrosion
resistance; composites characterised by high toughness and high
strength.

(ii) Construction materials which include timber, fibre and paper,
and whose worth and usefulness lie in their durability and the
possibilities for volume production.

Scientific cooperation could focus either on improving the performance
and behaviour of conventional materials, or encouraging advances in
those general subject areas, that ultimately influence the performance
and behaviour of conventional materials.

Improving the performance and behaviour of conventional materials
could cover many aspects focussing on the design of suitable ceramic
materials, whether for use as substitutes for metallic materials, or
applied in high performance situations; improving durability by develop-
ing new material protection technologies, or by improvements in wear
tolerance; enhancing quality and reliability through the development of
new technologies such as non-destructive testing ones; developing
lighter, energy-saving materials such as special steels and aluminium,
or those special materials required for information technology and
microelectronics; increasing the availability of materials of greater
perfection such as conductors, through the new techniques for ‘doping’
Group Three elements with Group Five elements.

An alternative focus would be to advance those common disciplines,
or generic subject areas, which would have an impact on new materials
as well as the production of raw materials. Examples are: capillary
phenomena with possible applications in microporous media containing
hydrocarbons; joining technologies with specific efforts on solderability
in printed circuit boards; surface engineering with emphasis on ion
implantation; electrochemistry of metals; solid/gas reactivity of oxi-
dation and sulphidation of materials at high temperatures and fracture
and reliability theory of solids associated with defects.

In our view, the Council should not support project activities on
engineering materials since these are the subject of extensive R & D in
the more advanced nations. However, the Council should urgently
consider undertaking the dissemination of information on these
materials to the less advanced nations.

The Council should, however, urgently consider undertaking collabor-
ative research in the downstream use of construction materials, such as
timber, fibre, paper, and ceramics, for enhancing economic productivity
and scientific capability. This focus would build on Council’s previous
experience in rural housing, water hyacinth paper and water hyacinth
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fibre-reinforced cement boards. Infrastructure for research and develop-
ment already exist in the Commonwealth nations on these construction
materials and thus they offer considerable opportunities for effective
Commonwealth collaboration.

(d) Biological Diversity and Genetic Resources

Because biological diversity constitutes an invaluable source for the
discovery of natural resources, its identification and authentication is
crucial. The germplasm of this planet contains a repository of genes
which, potentially, can be used to enhance the quality of natural
products, many of which are uneconomical to synthesize. But through
a variety of techniques, like plant breeding or recombinant DNA
technology, this potential can be realised. During biogeographical his-
tory and evolution this diversity of species came to be concentrated in
the tropics. Yet now this genetic resource is in danger of extinction,
for a variety of reasons. Living habitats are increasingly manipulated,
for limited or short-term purposes; habitats may even be destroyed as
space is given over to alternative uses, or by environmental pollution;
natural resources may be over-exploited; modern technology can be
misused and the environment affected in this way.

Of an estimated 30 million species on earth, a mere 5 million have
been identified and authenticated, mainly in the past 200 years. Only
250,000 species of the total stock are plants, so the ratio of plant to
animal species is thus 1:119. Wild species are of considerable potential
benefit to man, in medicine, agriculture and industry, as a source of
natural products for drugs, food, fuels, fibre and industrial base
compounds and additives. They also provide agents for a variety of
processes—controlling diseases, pests and predators, pollinating flowers,
stimulating fruit and seed production, facilitating seed dispersal and
thus the establishment of new offspring and enhancing symbiosis.

Biological diversity is crucial both for enhancing genetic resources or
for the discovery of new genetic resources. In agriculture, the pro-
ductivity of major crops cannot be maintained, let alone expanded,
without a constant infusion of fresh genetic variability. Much of this
genetic material comes from wild relatives of modern crop plants.
Agriculturists estimate that some 40 percent of expanded productivity
can be attributed to genetic breeding and thus, ultimately to the
germplasm and other genetic materials on which plant breeders depend.
In a phrase, genetic improvements account for at least one percent of
agricultural productivity overall each year.

In addition, wild species offer considerable potential for entirely new

foods. Of a global total of some 80,000 edible plants, only about 150
species have ever been cultivated on a large scale, and 90 percent of
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the world’s food is produced from less than 20 species. Many examples
of under-exploited food plants exist, with proven potential for future
exploitation; in medicine, wild plants are used for the production of
many modern drugs and pharmaceuticals; one in four products sold in
modern pharmacies originate from wild plants, resulting in a global
commercial value of about $10 billion a year. In industry, plants are
used across a wide spectrum, from the production of paper to thickening
for dessert foods, fire hoses, detergents, cosmetics, paints and varnishes,
shoes, stamps, golf balls and drilling muds. The chemical industry, in
particular, may, in the future, find phytochemicals more cost-effective
than petrochemicals. Scientists have only conducted a cursory screening
of one plant species in ten, and an intensive screening of one in a
hundred. Thus, an analysis of all 250,000 plant species would reveal
many new materials of benefit to mankind.

The Council should therefore, urgently consider undertaking the study
of biological diversity because of its pressing relevance to genetic
resources for mankind. Regrettably, the earth’s biological diversity is
being reduced at an ever increasing rate. At least one species is being
lost each day, and by the year 2000 one million species could have
been lost. Many surviving species may well lose 90% of their populations
without being threatened to extinction, but in this course they may well
have lost half their source of genetic variability. With the support of
the scientific community and political leaders, an expanded effort is
required to safeguard the biological diversity of this planet and to use
it for human welfare.

The Council should concentrate its immediate initiatives in biological
diversity on perennial plants which are poorly known, not studied by
other organisations, and of potential value for the production of
food, fibre, oils and pharmaceuticals. Various international institutions,
through the International Boards of Plant Genetic Resources (IBPGR-
CGIAR), already collect and use the genetic variability of the major
food crops of this planet. In addition, major national institutions within
and without the Commonwealth, such as the Rubber Research Institute
of Malaysia, the Centre for Sugarcane Research in Barbados and the
Banana Research Institute of Jamaica, collect and use the genetic
variability of major plantation crops. The genetic variability of export-
oriented species is already well collected and used by national and
multi-national corporations.

In view of the impending human population and food production
crises, especially in the dry zones of this planet, the Council should
consider involving agricultural scientists in these programmes for several
reasons. Their work is highly relevant to food production and primary
industry, in the less advanced nations especially; they hold a dominant
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position in the scientific community; they have a need for more
stimulating research and an extension of their efforts that would
enhance their professional capability.

Though important, the Council should consider promoting the study
of animal species in the medium-term.

There are various kinds of activities and techniques available for the
better understanding, utilisation and management of biological diver-
sity. The Council should urgently consider promoting the survey and
authentication of biological diversity especially in the tropics. Corre-
spondingly, it should consider training taxonomists in the short-term,
especially on tropical food, economic and medicinal plants. The cost
of these activities are modest, and they build on the Council’s past
programmes. The Council should encourage member nations to revive
herbaria and museums, and gardens and zoos, with the view to enhanc-
ing the authentication and husbandry of plant and animal species for
local use, respectively.

Advances in cellular and molecular genetics have opened up new
avenues for increasing the use of genetic variability. Recombinant DNA
technology is of long-term value, but too sophisticated for most less
advanced nations. We therefore do not recommend that the Council
should support it. The Council should urgently consider promoting
training in the development of relatively inexpensive, but potentially
rewarding, techniques for upgrading the use of a wider variety of
agricultural and industrial tree crop plants. Among such techniques are
conventional plant breeding for designing new variations of crop plants
with new characteristics related to yield, harvest index and quality
specifications; micropropagation and meristem cultivation techniques
for rapid clonal multiplication; disease protection; genetic resource
conservation; techniques for international transmission of clonal stocks,
and for spreading clones of tree crops.

We recommend that the Council allocate funds as follows for pojects
in this programme:
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Levels of Programme Development

£ £ £
(Priority Al) (Priority A2) (Priority A3)
Initial Minimal Desirable
Projects:
@ Potentially valuable
plants - - 750,000
® Animal species - 500,000 50,000
@ Survey of biological
diversity - - 750,000
@ Training in taxonomy
and micropropagation 500,000 500,000 300,000
Five-year totals: (£) 500,000 1,000,000 1,850,000
Cost per annum; (£) 100,000 200,000 350,000

(e) Agricultural Research

Food supply must at least double over the next 30 years in order to
match the estimated doubling of the world’s population. Agricultural
practice (including forestry and fisheries) in the less advanced nations,
particularly of the tropics, is not receiving the necessary research
support. As a consequence, new and traditional farming communities
get very little help from local agricultural scientific efforts, except where
it is part of an external aid programme. But at the termination of the
aid period this help often collapses. There is considerable need therefore
to adapt agricultural techniques and technology through on-site investi-
gations and field testing. The Council should urge member nations,
especially in the tropics, to give priority to:

— controlling land use on watersheds to reduce soil erosion and
flood damage;

— improving the support they give to farmers on good soils;

— controlling the expansion of agriculture onto unsuitable land;

— ensuring that the ratio of prices for crops to prices for fertilizers
provide profits to farmers;

— deploying farm technologists from the urban and suburban areas
to the rural areas.

The Council should consider becoming involved in agricultural research,
concentrating on a few areas where impact is possible, and providing
incentives to good agricultural scientists for enhancing not only their
own research but, also that of the agricultural sector, including forestry
and fisheries, generally. Agriculture is the dominant economic sector
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in most less advanced nations, and hence engages the majority of their
scientists. Only a small proportion of agricultural scientists are engaged
in real research and development projects. It is difficult to attract the
best scientists into agriculture because it is believed to involve routine
research. However, more advanced agricultural research is urgently
needed in the less advanced nations. Efforts should be made therefore
to attract the best scientists, and encourage and train them to use novel
techniques, that enhance agricultural procuction such as micropropa-
gation and meristem culture.

A variety of other subject areas in agriculture are important, such as
farming systems analysis, design and management, survey of photo-
synthetic conversion efficency of various crops, the responses of crops
in relation to nutrients, livestock disease appraisal and monitoring
systems. Certain aspects of agricultural research are of long-term
importance or too expensive to undertake. These include the develop-
ment of pest forecasting techniques and of slow-release fertiliser pellets,
the enhancement of food supplies by amino acids and vitamin supple-
ment, the preparation of food analogs based on single-cell proteins,
regenerated protein foods, carbohydrates and fats derived from simpler
chemicals, integrated control of animal diseases, and the genetic
improvement of animals using hormones and hormone regulators.

The Council should consider stimulating the following projects in
agriculture over the short-term:

(i) Survey local sources of phosphates rocks in the tropics, and
develop simpler methods for their processing and use as fertilisers;

(ii) Select nitrogen-fixing organisms for use particularly in seed inno-
culation, and develop cheaper processes for nitrogen fixation
including direct oxidation processes, especially in the tropics;

(iii) Develop the relationships of water resources, soil water and
agrometeorology, to plant growth and reproduction, especially in
the tropics;

(iv) Improvement of plant genotype through micropropagation, plant
breeding and selection techniques for adaptation to various physi-
cal and socio-cultural conditions, especially in the tropics;

(v) Disseminate information on ova-trasplantation techniques for
improving animals, especially in the tropics;

(vi) Develop in the tropics post-harvest treatment of agricultural com-
modities especially in relation to climatic conditions, and the
processing and storage of roots, tubers and fruits;

(vii) Upgrade animal feeds in their protein content by microbiological
treatment.
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These subject areas would reinforce past programmes of Council and,
because of their relevance to agricultural production, are unlikely to
demand substantial additional funds. Multi-disciplinary studies are
needed, especially in the less advanced nations of the tropics and
subtropics, to understand the physical, biological and socio-economic
factors limiting agricultural yield and production, with the view to
enhancing yield to meet the projected demand. Guidelines could facili-
tate the implementation of activities related to agricultural research.

We recommend that the Council allocates the following sums to projects
pertaining to agricultural resources:

Levels of Programme Development

£ £ £
(Priority Al) (Priority A2) (Priority A3)
Initial Minimal Desirable

Projects:
® Nitrogen-fixing 50,0009 500,000 750,000
® Plant-Water

Relationships/Plant

Genotype Improvements 250,000 500,000 990,000
e Livestock Improvement 50,000® 100,000 150,000
® Post Harvest Treatment 50,000 500,000 750,000
® Animal Feed Upgrading  250,000? 500,000 750,000
Five-year totals: (£) 650,000 2,100,000 3,390,000
Allocation per annum: (£) 130,000 520,000 674,000
Footnotes:

(1) Information dissemination
(2) Training activities

(f) Tropical Forest Ecology: The deforestation problem

The Council should urgently consider commissioning a study that would
both urge member nations to make detailed appraisal of their local
situation with regard to tropical forests, and initiate or strengthen
national policies and programmes that would arrest the present degra-
dation of tropical forests. These extend over 1.9 billion hectares, cover
12.4 percent of earth’s land surface, and 42 percent of the tropics. 1.1
billion hectares of these forests have closed canopies while 0.8 billion
hectares have open ones. They consitute a variety of ecosystems and
harbour a rich diversity of species still mostly unknown.
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Tropical forests are found in three broad regions: South and Central
America (42%), Africa (37%) and Asia-Australia-Oceania (21%). Most
of the closed canopy forests are in tropical America and the Asia-
Pacific region, while most of the open canopy forests are in Africa.
Closed forest cover in the tropics is decreasing at the rate of 10-20
million hectares (1-2%) per year, so by the year 2000 they will have
declined to about one-half (about 580 million hectares). The principal
direct causes of this loss are due to fuelwood gathering, poorly managed
industrial logging, and the forest’s conversion to use for agriculture.
Tropical forests are important for various reasons: locally for timber,
food and other economic, environmental and socio-cultural values;
globally for balancing atmospheric carbon dioxide. They flourish best
under high insolation and precipitation regimes; they harbour invaluable
biological diversity and potential genetic resources because of their
biogeographical history and evolution. Tropical forest lands are most
seriously affected by their transformation for alternative uses, by
modern technology and by environmental pollution.

The Council should ensure that its scientific programmes in areas such as
energy, mineral and water resources, biological diversity, environmental
planning, agricultural research and remote sensing, including the follow-
ing studies in tropical forest ecology:

— the distribution and the range of variation of ecosystems;
— the identity and taxonomy of plant and animal species;
— changes in the nature, extent and distribution of ecosystem;

— the internal dynamics of a range of tropical forest ecosystems in
order to determine how they function without human interven-
tion, and their changes in response to climatic fluctuations;

— the relationship between forest characteristics (e.g. composition,
structure, soil) and the suitability of forest lands for other
purposes;

— the potential of tropical forest species for economic use and for
the development of sustainable farming systems for them (e.g.
timber, rattans);

— knowledge on the range of variation, centres of biclogical diver-
sity, endemism, etc. for the identification of areas best suited
for conservation;

— the best distribution of nature reserves and corridors between
them, for the preservation of biological diversity and genetic
resources;

— anthropological knowledge about people dwelling in, and near,
forests for developing better farming systems for their well-
being.
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Because of the concentration of scientific effort in the temperate zone,
comparatively little is known about tropical forests and their ecology.

Although tropical forest ecology is an important and vast scientific
area, it is still difficult to generate effective scientific co-operation here,
even if it is limited to foci such as nutrient and water cycling, and species
diversity in relation to ecosystem resilience, integration, degradation
and regeneration. A number of international organisations, such as
UNESCO, UNEP, FAO, IUCN and WWF, are already involved in
tropical forest rersearch regionally and globally.

The future of tropical forest lands lies in three directions of ecological
research related to their degradation:

(i) Transformation of tropical forests to productive agricultural or
forestry systems (e.g. food and cash crops, plantation forestry or
agroforestry).

(i) Management of tropical forests for the sustained yield of timber
and other forest products.

(iii) Use of tropical forests for the protection of water catchments or
as nature reserves.

We believe further research is needed using existing LANDSAT and
other available data on tropical forest degradation and tropical forest
ecology. We recommend that the Council considers undertaking a study
to document the degradation problem, and bring the facts forcefully
to the attention of member nations for urgent action. We recommend
that the Council allocates £50,000 over 5 years or £10,000 per year for
this study.

() Environmental Planning

The Council should consider developing training in adaptive ecological
assessment and management, environmental impact assessment, and
national conservation strategies, particularly as regional pilot projects
over a 3-5 year period. The technical activities of such projects would
include research training and demonstration; short-term training courses
on techniques and methodologies; elaboration of testing manuals and
handbooks adapted to the needs and absorptive capacities of the nations
concerned; provision of fellowships and grants for reciprocal exchange
of scientists amongst Commonwealth institutions; support for existing
institutions in the nations concerned, to broaden their scientific and
technological capabilities.

Training is the most important activity, especially through long-term

fellowships, as it is the key factor for developing and adapting those
policies for natural resources management that are consistent with the
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socio-cultural environments. Any future programme should take
account of existing international efforts, especially those of UNESCO,
IITA, IUCN, FAO, IDRC, UNDP, UNEP and the World Bank.
Enhanced and sustained use of natural resources on an integrated basis,
is the key to national economic development in many less advanced
nations, especially in the tropics. Scientific research and co-operation
can play a crucial role in helping these nations develop strategies for
sustained production, taking into account the variability, complexity
and uncertainty of natural resources and the need for local and national
action.

The focus of the Council’s programme in environmental planning
should be on tropical islands and coastal zone areas, particularly in the
South Pacific and Caribbean regions. Problems of resource allocation
and use are of interest to many of the newly independent, less advanced,
nations of the Commonwealth. Coastal zone areas are locations where
problems of reconciliation among conflicting land and water uses are
particularly acute, and where the scientific community can help planners
in clarifying options in alternative resource strategies.

We recommend that the Council allocates the following sums especially
to training courses and fellowships in the environmental planning
programme:

— £200,000 over five years (£40,000 per annum) to initiate training
activities;

— £300,000 over five years (£60,000 per annum) to develop a
minimal programme;

— £500,000 over five years (£100,000 per annum) to develop a
desirable programme.

(h) Coastal Zone Management

The Council should urgently consider promoting research and training
in oceanography, especially biological oceanography, because of its
relevance to fisheries; and organising an international seminar on the
relationships between biological and physical oceanography.

Such a programme would generate the expertise needed for managing
the extended maritime regime, and could be undertaken with little
additional funds using co-operative arrangements in consultation with
UNESCO, FAO and IOC. Coral reef biology, estuarine biology, ocean
tides, currents, and sea level, wave dynamics, marine parks, mangrove
biology, and lagoon coastal and shelf-sea front productivity, are some
important aspects for study. Most Commonwealth nations have
extended coastlines, or are oceanic islands or archipelagoes (Table
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2; Pages 34-37). Besides, coastal dynamics, phyiscal oceanography,
biological oceanography, coastal pollution and marine geology are all
important areas for their economic, social and environmental
development.

The Council should consider urgently enhancing the indigenous capa-
bility on the dynamics and management of the coastal zone, because
of its relevance especially to small island states and to the new maritime
regime. This should involve research and training using the pilot-project
approach, and should concentrate on training in different disciplines,
both on-site in one nation and also regionally.

A network of scientists for follow up activities should be developed, as
should a practical handbook on the study, so that the awareness of
government officials to the integrated resources management aproach
could be enhanced. Two pilot-projects, using remote sensing techniques,
should be undertaken on two island systems, or states, one in the South
Pacific and the other in the Caribbean regions, in collaboration with
regional institutions and development banks (e.g. ADB, CDB). Com-
monwealth nations should use the regional framework for acquiring
and developing scientific and technological capability especially where
the states are small. Coastal zone management is of growing global
importance because a rapidly expanding human population is exerting
increasing pressure on the coastal zone, as a source of food, transpor-
tation, waste disposal, water for industry and domestic consumption
(coastal fresh water in lagoons and estuaries), housing, minerals (e.g.
sale) and even as sources of energy (e.g. OTEC, wave/tidal energy).
Coastal zones have always been focal points for population centres but
until the last two decades or so, the impacts on them have been low.
There is a need to learn more about the physics, chemistry and biology
of the coastal zones in view of the stresses, such as construction,
pollution and over-fishing, both on land and on the adjacent seas.
With an understanding of the dynamics of the coastal zone, it is
possible to take advantage of its potential without undue deleterious
effects.

The Council should urge member nations to collaborate in the UNEP
Regional Seas Programme, and should consider disseminating infor-
mation on coastal pollution in consultation with international organis-
ations such as UNEP, I0C and IMCO. This would have marginal
financial implications. Coastal pollution is important especially in mar-
ginal seas, where it affects marine productivity, and from land-based
sources.

Marine geology is of particular interest to member nations because of
the industrial potential of seabed minerals, such as aggregate and
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placers. Other aspects of marine geology, such as island arc tectonics
and oceanic island geophysics, are expensive and of long-term value.

In view of the UN Law of the Sea Convention, member nations of the
Commonwealth with extensive coastlines inherit an enormous burden
for managing the extended economic zone (EEZ). The Council should
consider offering advice to member nations on the scientific and
technological aspects of the EEZ maritime issues, in consultation with
nationat and international organisations such as the International Centre
for Ocean Development (ICOD), Halifax, Canada, and the Institute
for Marine Affairs, Trinidad and Tobago.

We recommend that the Council allocates the following sums for

developing priority projects in the coastal zone management
programme:

Levels of Programme Development

£ £ £
(Priority Al) (Priority A2) (Priority A3)
Initial Minimal Desirable
Projects:
@ Biological
oceanography 100,000 200,000 300,000
@ Pilot-projects on
island systems 200,000 400,000 500,000
@ Coastal pollution - - -
® Advice on maritime
issues - - -
Five-year totals: (£) 300,000 600,000 800,000
Sum per annum: (£) 60,000 120,000 160,000
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