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Since the adoption of the Convention on Biological Di-
versity (CBD), it has become increasingly clear that a
successful implementation of the Convention hinges on
active development and use of knowledge, whether tra-
ditional or scientific. This includes both transfer of tech-
nology and knowledge among Parties, active collabora-
tion to develop competence and capacity, and the rec-
ognition, inclusion and application of traditional knowl-
edge relating to biodiversity conservation and use.
These issues will be a main subject on the 7th Confer-
ence of the Parties (COP) of the CBD in 2004.

The aim of the 4th Trondheim Conference on Biodiver-
sity was to provide input to the discussions at the 9th
meeting of the CBD’s Subsidiary Body on Scientific,
Technical and Technological Advice (SBSTTA), in No-
vember 2003, as well as for COP-7. The discussions at
the Conference related here and in the Chairman’s Re-
port will hopefully also support the collaborative work of
UNEP and other agencies with developing countries
regarding capacity building and technology transfer,
relating both to biodiversity and natural resources man-
agement in general.

The theme of the Conference relates to a number of
Articles in the CBD, in particular Articles 16-19, dealing
with technology transfer, exchange of information, sci-
entific cooperation, and biotechnology. However, the
concepts of technology transfer and capacity building
touch on almost all aspects of implementing the Con-
vention. Moreover, these issues are central to most
sectors of international development collaboration.

The 4th Trondheim Conference on Biodiversity has
maintained the overriding goal of providing a forum for
cross-sectoral and multidisciplinary dialogue between
scientists and policy makers on issues related to the
implementation of the CBD. A total of 226 participants
from 90 countries (see Annex 2) spent the week 23-27
June, 2003, elaborating over a wide array of issues re-
lating to technology transfer and capacity building. Fol-
lowing opening addresses by, i.a., the Norwegian Min-
ister of Environment, the Deputy Executive Director of
UNEP, and the Executive Secretary of CBD, the Confer-
ence heard a total of 37 oral contributions followed by
questions and comments from the plenary. Central is-
sues were also covered through three panel debates.
The Conference Programme is included as Annex 1.

The written output from the Conference includes this
Proceedings Report as well as the Chairman’s Report,
which is based on the summaries of all plenary lectures
and comments as well as Panel discussions. Both re-
ports will be distributed to the Conference participants,
and made available at the SBSTTA-9 and COP-7. The

reports will also be available on the internet
(www.dirnat.no).

The Proceedings Report includes the manuscripts or
abstracts of all contributions as well as the contribution
by Birdlife International – Burundi given at a side event.
The Conclusions and Recommendations from the
Chairman’s Report has also been included here as a
short summary of the deliberations.

To ensure that this report will be available at the
SBSTTA-9 in November 2003, the production of the
report has been a rather rough process. We apologize
for the different styles of the papers, as well as several
misprints and other errors that may stem from the hur-
ried production process. We do hope, however, that the
report will serve as a useful document for the process in
the SBSTTA and COP of the CBD, as well as in other
institutions and processes working with the essential
questions of technology transfer and collaboration, and
capacity building.

We acknowledge the good and indispensable work of
the Conference Steering Committee, the Program
Committee, and the International Advisory Group. Our
sincere thanks are also due to the Conference Secre-
tariat, in particular Laila Saksgård, Rita Strand and Jørn
Thomassen, who took care of most of the practical and
logistic preparations, and to the DN, NINA and NTNU
staff who helped out during the Conference week.

Trondheim, September 2003

Peter Johan Schei       Odd Terje Sandlund
Conference Chair       Conference Director
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Background

Technology transfer from those who have it to those who
need it, and capacity building – in general and to allow
for the effective introduction and use of technology in
particular – are topics of fundamental importance for the
implementation of the Convention on Biological Diversity
(CBD).  This applies particularly to the obligations under
Articles 16 - 19 addressing technology transfer, ex-
change of information, scientific co-operation and bio-
technology, but also to other articles of the convention.
Technology transfer and capacity building are also im-
portant topics in other forums, including the United Na-
tions Environment Program (UNEP) and other UN agen-
cies, and is repeatedly pinpointed in Agenda 21 from
UNCED in Rio and the Joint Plan of Implementation
from WSSD in Johannesburg.

Against this background, 228 participants (scientists,
managers and policy advisers) from 89 countries, rep-
resenting governmental, intergovernmental and non-
governmental institutions and organizations, gathered in
Trondheim on 23 – 27 June 2003, at the invitation of the
Government of Norway in cooperation with UNEP.

Technology transfer and capacity building are topics
shrouded in a great deal of misunderstanding and often
confusion. The fourth Trondheim Conference on Biodi-
versity has provided an opportunity for demystification
and getting insights into analytical frameworks as well as
sharing of experiences and examples on good practices
and measures in order to make these topics operational.

Introduction

The terms “technology transfer” and “capacity building”
have for decades been perceived as very important, but
also as very general and difficult to grasp.  There is
therefore a need to demystify the concepts and to break
them down into operational parts relevant to the suc-

                                                       
1 From “Chairman’s Report. Conclusions and recom-
mendations from presentations and discussions”.
Trondheim, 2003.

cessful implementation of the CBD, and achievement of
its goals.

There is a need to focus on a broad range of topics to be
included in the definition and follow-up on this issue.  It
was also clear that a definition of the terms should be an
important contribution for clarification.  In this respect,
the following definitions are offered for further consid-
eration, and also used throughout this report:

Conservation, sustainable use and equitable sharing of
the benefits arising from biodiversity make use of a very
wide range of “technologies”, both “hard” and “soft”.
“Hard” technologies include mechanical and electronic
systems such as remote sensing and monitoring equip-
ment, storage and archiving systems, digital computer
systems and genetic analysis machines.  “Soft” tech-
nologies include skills, processes, standards and meth-
ods.  Both hard and soft technologies depend on devel-
oping and applying an appropriate knowledge base.

In this context “technology transfer” is the transfer of
systematic knowledge, skills and innovations for the
development and use of products, application of proc-
esses or rendering of services.

Furthermore, “capacity building” in this context is the
development of the ability in a nation’s people and insti-
tutions to understand, absorb, apply, modify, as appro-
priate, and the development of the knowledge and tech-
nologies available for the implementation of the conven-
tion and achievement of goals.

Technology transfer also relates to knowledge, methods
and technologies within the various economic sectors
(i.e. agriculture, forestry and fisheries) that may be es-
sential to achieve the objectives of the CBD.

Technology transfer and capacity building as defined
above may contribute significantly to all three objectives
of the convention and to the maintenance of the biologi-
cal foundation on which sustainable development can be
built.  The focus should be on how technology transfer
and capacity building should contribute to implementa-
tion of relevant obligations in the convention, achieve-
ment of the 2010 biodiversity goal and to sustaining pro-
gress on relevant UN Millennium Development Goals.

Strategic Considerations

The meeting identified a number of challenges that need
to be overcome in order to enable a better under-
standing and use of available and potential opportunities
and benefits deriving from technology transfer and ca-
pacity building, including:
• Insufficiently receptive social and economic condi-

tions to allow successful technology transfer and
capacity building;
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• Inadequacy of information on available technologies;
• Uncertainty with respect to terms under which tech-

nology transfer could and should be under-taken;
• Lack of appropriate regulatory, financial and institu-

tional frameworks to this end at the local, national,
regional and international levels.

In order to achieve improved and targeted technology
transfer and capacity building, there is also a need to
develop concrete targets and improved synergies be-
tween biodiversity and development policies, with obli-
gations and needs under other conventions, and be-
tween sectors at the national level.

Based on the definitions presented above, it was agreed
that different needs that are identified will re-quire differ-
ent technologies and be used by different users.  Exam-
ples could include “simple” technologies aimed at allevi-
ating poverty, and more advanced technologies for
adding value to biological resources as compared to
highly “advanced” technology such as that related to
biotechnology, biosafety, access and benefit sharing
(ABS), and to remote sensing for inventory and moni-
toring.

Technology transfer and capacity building related to
biotechnology may include partnerships in science and
technology related to research and development and on
building national capacities to design and implement
appropriate national legal and policy frameworks for
handling all aspects of biotechnology and biosafety.
Establishing regional training centres on biosafety may
also be an option.  Many biotechnology techniques are
available in the public domain and can be obtained
through training programmes and information searches,
while other biotechnologies are on offer, often from cor-
porations that provide entire packages and discourage
their modification and adaptation to local conditions –
the latter usually seen as a prerequisite for successful
technology transfer.

Focus was also put on the importance of using a pre-
ventative, safety first approach that incorporates knowl-
edge and technologies regarding preventative risk as-
sessment and safety design and management for bio-
technology and other biodiversity aspects.  Such an ap-
proach also requires in-depth training in biosafety sci-
ence and technology.

It was noted that there often is little economic incentive
to transfer or acquire technologies relevant for the con-
servation of biological diversity. Such technologies are
not necessarily available on the market, and usually also
need to be developed and refined locally.
The considerable technological resources of the private
sector should be engaged more actively to contribute to
implementation of the CBD, and improved communica-
tion with and involvement of the private sector is there-
fore essential.

As an operational principle, the Parties to and bodies
and entities under the CBD, should engage in techno-
logy transfer and capacity building in co-operation and in
partnerships with other organizations, intergovernmen-
tal, governmental, non-governmental and with the pri-
vate sector. This could include existing organisations like
the UN Food and Agriculture Organisation (FAO),
UNDP, the Consultative Group for International Agricul-
tural Research (CGIAR), and networks (including the
CBD Clearing House Mechanism (CHM)) and co-
operation with other multilateral agreements.

Science and scientific knowledge should be a key ele-
ment in decision making processes and implementation
solutions, but there is in some areas a need to improve
the credibility of science advice in the relationship be-
tween science and society, as illustrated for example in
the debate on genetically modified organisms (GMOs).
There is potential to constructively address this debate
by establishing preventative biosafety standards for the
safety design, assessment, verification and monitoring of
GMOs.

Biosafety considerations regarding GMO experiments
should be applied globally to ensure that GMO`s will not
cause a threat to human health and biodiversity.  There
should be international legislation regulating the release
of GMOs.

Members of society should be empowered to make in-
formed choices through education and training.  This
requires an enhanced enabling environment for easy
technology and information access to strengthen indi-
vidual capacities of stakeholders.  It was noted that non-
governmental organisations could play an important role
here.

Operational aspects

The conference identified three key areas for further
analysis and work, and where operational measures
should be identified, tried out and evaluated.

The first of these is related to technology needs, where
thorough assessments should be carried out for the
identification of relevant needs, and of where and how to
find possible solutions.  Such assessments should be
country driven, primarily by the receiving country, and
should be based on the obligations in the CBD and other
needs relevant to conservation and sustainable use of
biodiversity.  However, there is also an obligation for
owners/holders of technology to identify what knowledge
experience that may be useful for others, and to make
their assessments available to a wider community.  Here
a more proactive use of the Clearing House Mechanism
(CHM) of the CBD could play an important role.  The
assessment process should involve relevant
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stakeholders such as the private sector, the research
community and non-governmental organisations.

The second area relates to capacity building needs,
where assessments should also be done to identify rele-
vant needs and where and how to find possible solu-
tions.  Such assessments should include needs related
to information and communication, public awareness,
networks and partnerships, safety science and man-
agement including risk assessments (for bio-technology
and biodiversity in general), education and research,
and inventory and monitoring.  The role of the private
sector would also be essential here.

A more proactive approach is necessary from users as
well as holders of relevant technology if such assess-
ments are to succeed, and adequate information struc-
tures should be developed suited to various require-
ments.

Such assessments related to technology and capacity
building needs should be made transparent and involve
all relevant stakeholders as far as possible. Assess-
ments should also aim at stimulating increased interest
in biodiversity relevant issues from a wider audience,
such as to improve the understanding of the fundamen-
tal role of biodiversity in sustainable develop-ment and
the provision of ecosystem services.  Necessary focus
should be put on the economic value of these re-sources
and services, as key economic interests and the private
sector will be expected to adapt to the risks and oppor-
tunities related to these values. Greater public and politi-
cal awareness could increase the demand and supply
for science and technology relevant to the CBD.

Lastly, there is need to improve the enabling environ-
ment as it is crucial for the successful technology trans-
fer and capacity building.  This is a wide area that needs
further discussion, but where important elements were
identified.  There is a need to promote legal frameworks
and strengthen law enforcement, particularly related to
important areas such as bioprospecting, biotechnology,
access and benefit sharing and property rights issues.
Other important aspects related to an enabling environ-
ment were also identified, including the establishment of
national institutions related to the conservation of biodi-
versity and sustainable use of biological resources, the
establishment of suitable mechanisms and standards for
participation of relevant stake-holders, the development
of appropriate incentives both economic and others, and
the establishment of mechanisms for monitoring and
evaluating the state of biodiversity.  There is also a need
to facilitate institutional synergies and policy integration,
and to analyse and catalyse solutions for national and
regional conflicts.  The need to build the necessary in-
stitutional framework at various levels for continued work
on technology transfer and capacity building was
stressed.

Concluding remark

The Conference participants agreed that the discussions
and presentations had been fruitful and that the output of
the meeting could serve as a significant contribution to
the preparations of the ninth meeting of the Subsidiary
Body on Scientific, Technological and Technical Advice
(SBSTTA9).

It was also requested that its outputs be made available
to SBSTTA-9 and to other forums that work on technol-
ogy transfer and capacity building relevant to the CBD
and other related international instruments and proc-
esses.
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Minister of Environment,
Ministry of Environment,
Oslo, Norway

Excellencies, Deputy Madam Mayor, Distinguished
Delegates, Ladies and Gentlemen:

It is my pleasure, on the behalf of the Norwegian Gov-
ernment, to welcome you all to the Fourth Expert Con-
ference on Biodiversity in Trondheim.

Biodiversity is the very foundation of human existence:
• It is our life insurance, providing us with food, medi-

cines, building materials and clothing.
• It is at the heart of our cultural heritage, shaping our

lifestyles, our artistic impulses, our national monu-
ments – even our national character.

• It is of vital importance if our global environment is to
continue to function in the face of man-made threats
such as climate change and long-range pollution.

And yet – by our current actions we are squandering this
biological capital at an alarming rate. Today, species are
being lost at a minimum rate 100 times that of natural
extinction. And the process is irreversible! Its impact –
on habitats, on entire ecosystems, on the planet itself –
undermines persistent attempts to promote sustainable
development!

Our current knowledge of biodiversity and how it sus-
tains ecosystem services is highly inadequate. But we
must resist the temptation to use our relative ignorance
as an excuse for postponing action. There is no escap-
ing the task ahead: learning more about how biodiversity
works, and how it forms the basis for human life and
well-being, must be among our highest priorities.

In fact, we do know more than enough already at least to
improve the ways in which we manage the biological
resources of the planet. The "precautionary principle" –
the policy that actions to protect the environment against
certain threats are justified even if scientific evidence
confirming those threats is not yet complete – is clearly
the way forward here.

We know that politicians and other policy-makers must
have access to the best and most up-to-date scientific

data. Scientists in turn need a clear picture of the most
pressing policy issues. When the two sides cooperate
effectively, the results can be impressive.

For example: in recent decades, acid rain – caused by
long-range transport of airborne pollutants from southern
latitudes – killed most or all of the fish in several thou-
sand Norwegian lakes. Acid rain continues to cost Nor-
way roughly 430 million US dollars every year.

During the sixties, scientists identified the sources of
acid rain and observed its impact on these habitats and
ecosystems. The international Convention on acid rain –
I mean, of course, the Convention on Long-Range
Transboundary Air Pollution – followed, together with the
Gothenburg protocol. In 20 years, European sulphur
emissions more than halved. By 2010, acid rain over
Norway will have been reduced by 93 per cent!

In the Artic, we know that the warming trend is degrad-
ing the habitat of such species as the polar bear and
walrus, while triggering more severe climatic episodes
such as ice storms that raise mortality rates. At the same
time, the polar bear is also suffering serious endocrine
disruption – almost certainly as a result of chemical pol-
lution.

This year we celebrate the UN year of Fresh Water. We
must use this opportunity to avoid reducing the issue of
freshwater to taps and toilets. Remember: something
like 20 per cent of the world's freshwater fish species
have become extinct, threatened or endangered in re-
cent decades. Even in a sparely populated and affluent
society like Norway, we are losing biodiversity. We can
see one example right here – in the river Nidelva, just
outside the windows of this hotel. Here, we are striving
to preserve a local stock of Atlantic salmon, a species
that is now extinct in many European rivers. Just a few
months ago the Norwegian Parliament designated the
Nidelva and the Trondheimsfjord, 500 meters down-
stream from here, as national salmon river and national
salmon fjord. The aim is to grant unequivocal protection
to one of the most important Norwegian populations of
wild salmon. In Norway we are responsible for protecting
a quarter of the world`s total stock of Atlantic salmon.

An estimated 40 per cent of the global economy is still
based on biological products and processes. Just think
about the social, political and economic impact of con-
tinued biodiversity loss at this rate!

About 75 per cent of the genetic diversity of crop plants
has been lost in the past century. Let us consider the
risks implied by this alarming statistic. In the early sev-
enties, for example, a virus attacked the rice crops
across Asia. Scientists in the Philippines found that a
single rice variety from India was resistant to the virus.
The plant was cross-bred with the most common rice
variant in Asia. In this way a single genetic variety saved
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millions of people from famine. Just imagine the conse-
quences if this strain had no longer existed.

Of the 1.2 billion people living in extreme poverty, ap-
proximately three-quarters – 900 million – live in rural
areas. They are highly dependent on biodiversity for
their livelihoods and are most severely affected by biodi-
versity loss, water pollution and land degradation. If we
continue to destroy biodiversity, we will at the same time
destroy their ability to survive in the future.

Since the adoption of the CBD it has become increas-
ingly clear that a successful implementation of the Con-
vention hinges on the active development and applica-
tion of knowledge, whether traditional or scientific. We
cannot hope even to approach the goals of the Conven-
tion if we in the rich world do not provide the poor of the
developing countries with the technology and know-how
to work out sustainable solutions to their problems.

What are these goals? Let us remind ourselves, in the
words of the Convention itself: "The Convention aims at
conserving the biological diversity, the sustainable use
of its components and the fair and equitable sharing of
the benefits arising out of the utilization of genetic re-
sources."

This implies transfer of technology and knowledge
among Parties, active collaboration to develop compe-
tence and capacity, and the recognition – and applica-
tion – of traditional knowledge relating to biodiversity
conservation and sustainable use.

We have been talking about technology transfer and
capacity building for at least 40 years. But there has
been a huge gap, especially at international level, be-
tween fine words and concrete action. Progress has
been far too slow. Several international treaties specifi-
cally mention the need for transfer of technology and
know-how from the "haves" to the "have nots" with the
aim of alleviating poverty and promoting sustainable
development. The response has been patchy, to say the
least.

Following through on these pledges is one of the major
challenges facing the international community. This is
why I believe it is important to establish an Intergovern-
mental strategic plan for technology transfer and capac-
ity building in the UN system. UNEP is crucial here, but
others, like the UNDP need to join in the partnership.
This conference will hopefully be a "curtain raiser" for
COP7 and make a substantial contribution to the UNEP
process. I therefore urge you to assist in developing
such a plan. Last year, ministers from all nations
adopted the Plan of Implementation of the Johannes-
burg Summit. In particular, chapter 10 on implementa-
tion emphasizes the need to increase support for capac-
ity building and technology to developing countries and
to countries with economies in transition.

We also adopted a target on "significant reduction of the
loss of biodiversity by the year 2010". One month ago
Pan European Ministers reinforced this target to "halt the
loss of biodiversity by 2010". This goal put more binding
obligations on us:
• to know more about the biodiversity we still have,
• to discover where we still have the vast amount of

unknown biodiversity, and
• to prevent further loss of biodiversity.

As some of you may know I have accepted the chair-
manship of the UN Commission for Sustainable Devel-
opment. The CSD has taken up the challenge of re-
viewing progress in fulfilling the commitments made at
Johannesburg. We will examine national and interna-
tional projects, partnerships and agreements. We will
discuss problems and solutions, successes and failures,
goals and priorities.

This is a multilateral process, and multilateralism must
deliver results. So in CSD we need a scoreboard that
shows what kind of results we can deliver in the next two
years.

As Chair of the CSD I will advocate the important princi-
ple that biodiversity - the living resource base for all of
us - is fundamental to reaching these goals.

If we are to overcome the challenges related to sustain-
able use and poverty reduction, all the processes and
institutions, including those I just mentioned, must act in
concert, avoiding duplication and unnecessary competi-
tion.

Finally, I would like to emphasize some criteria for
reaching our goals.
• To succeed we must work with civil society, the

business sector, technology institutions and non-
governmental organizations in implementing the
recommendations of the CBD and Johannesburg.

• To succeed we must address the all-inclusive as-
pect of sustainability, and enlist the active participa-
tion of all relevant stakeholders – while reconciling
conflicting objectives.

• To succeed we must mobilize political will. We need
new and additional resources for implementation
and we need good governance at all levels.

I will do my utmost to ensure that we succeed. Experi-
ence has taught us that the astute application of know-
how and technology is the most reliable route to sus-
tainable development and the eradication of poverty.

This is the road we must follow. I wish you all a reward-
ing stay in Norway and a successful conference.
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Deputy Executive Director,
United Nations Environment Programme
(UNEP),
Nairobi, Kenya

Honourable Ministers, Distinguished Delegates, Ladies
and Gentlemen,

It is a great honour and pleasure for me to represent
UNEP in this extremely important conference in the
beautiful city of Trondheim in Norway, whose support for
UNEP is exemplary.  I bring you the best regards of the
Executive Director, Mr. Klaus Töpfer, and his prayers for
the success of this conference.

At the outset I would like to thank the Government of
Norway – the Oslo-based ministries and the Trondheim-
based Departments – for hosting this meeting, as well as
all who have been involved in organizing the event.

The Trondheim Conference has become an invaluable
forum for promoting dialogue among policy-makers, sci-
entists and other stake-holders engaged in the quest for
sustainable development.  This year’s conference is
destined to provide a robust input to the forthcoming
meetings of the CBD SBSTTA and 7th COP.  It will also
help UNEP in elaborating the elements of the inter-
governmental strategy and plan for technology transfer
and capacity building for submission to governments for
approval and implementation.

Instead of emphasising the relevance of the technology
transfer and capacity building to the paramount objec-
tives of poverty alleviation and sustainable development,
I would like to mention some examples of UNEP’s activi-
ties related to technology transfer and capacity building.

A landmark intergovernmentally-negotiated legal frame-
work provides impetus for all of our work on biodiversity,
including capacity building and exchange of technolo-
gies. So it is with great pleasure that I begin by ex-
pressing our delight that the Cartagena Protocol on Bio-
safety received its 50th ratification on the 13th of June
2003.  The Protocol will thus enter into force on the 11th
of September 2003.  We offer our congratulations and
thanks to all of the Parties.

UNEP has been actively involved in developing the
Protocol and preparing for its effective implementation.
Through a UNEP-GEF Biosafety Project more than 117
countries are being assisted in preparing their National
Biosafety Frameworks.  UNEP is also assisting eight
countries – namely Bulgaria, Cameroon, China, Cuba,

Kenya, Namibia, Poland and Uganda – to implement
these Frameworks.

A second example of UNEP’s contribution to capacity
building is our work relating to access and benefit shar-
ing of genetic resources, or ABS. In this context, the
Cancun and Cusco declarations of 2002 are important
documents to consider.

The UNEP Initiative on ABS, launched by the Executive
Director in The Hague at the 6th COP of the CBD, fea-
tures a strong capacity building component.  UNEP is
working closely together with the United Nations Univer-
sity in this initiative.

The third example is UNEP’s work aimed at meeting the
biodiversity targets set in the WSSD Plan of Implemen-
tation. The UNEP-World Conservation Monitoring Centre
in Cambridge is playing a key role in addressing this
“2010 biodiversity challenge”, and providing scientific
support to the CBD for adopting a set of indicators for
the 2010 goals.  In February 2003 the UNEP Governing
Council also requested that UNEP-WCMC establish a
network of regional collaborating centres.  We hope that
regional- and national-level capacity building activities
related to biodiversity in the developing world will play a
major role in helping to meet the 2010 target.

My fourth and fifth examples are two WSSD Partner-
ships, both of which will contribute to meeting the 2010
biodiversity target and have significant capacity building
and technology transfer components.

The first partnership is the International Coral Reef Ac-
tion Network, or ICRAN, which works for sustainable
coral reef management and secures both reef biodiver-
sity and resource utilization.  ICRAN engages govern-
ments and the private sector, and is run in close collabo-
ration with the UNEP Regional Seas Programme.

One of the aims of ICRAN is to promote education pro-
grammes for target audiences, particularly coastal com-
munities.  We are trying to build the capacity to under-
stand, then to act locally to protect reef resources.
UNEP is publishing a new brochure entitled “Conven-
tions and Coral Reefs”, which addresses these topics
more fully.

Before leaving this topic, I would like to add that UNEP
has carefully noted the recent reports about “cold water
coral reefs” and will be looking at how we can help con-
serve them.

.
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Through GRASP we have applied the latest technology
to mapping and projecting habitat conservation issues.
This work has resulted in a report entitled The Great
Apes – The Road Ahead.  We initially released this re-
port at the WSSD; today we are releasing a revised and
enhanced version.  This document, which reveals a grim
future for the great apes, was produced using a new
technique to map human impact called GLOBIO. It is
this sort of technology that we hope will be available to
researchers working in developing countries, for use as
a tool for finding a balance between biodiversity and
economic development.

Ladies and Gentlemen,

A wealth of information on UNEP’s other work is avail-
able in our publications. Mark Collins, Director of UNEP-
WCMC, will also address you on indicators, the ex-
change of information and technical cooperation. The
UNEP team looks forward to working with you all during
this week, and to strengthening our numerous partner-
ships in the months to come.

I wish you a pleasant and productive conference.

Thank you.

Executive Secretary,
Convention on Biological Diversity,
Montreal, Canada

Honourable Ministers, Distinguished Participants, Ladies
and Gentlemen,

It gives me great pleasure to be back in this historic city
to attend the fourth Trondheim Conference on Biodiver-
sity.

The various Trondheim meetings held over the years
have made an important contribution to the work of the
Convention process. They have brought together scien-
tists and policy makers to address issues of major rele-
vanc!P. They have provided an opportunity for in-depth
and focused discussions of prominent items under con-
sideration within the Convention process. And they have
served as a valuable preparatory forum for the Confer-
ence of the Parties to the Convention and its Subsidiary
Body on Scientific, Technical and Technological Advice.
I am confident that this meeting will be no exception to
this tradition.

The objectives of the Convention on Biological Diversity,
as stated in Article 1, are the conservation of biological
diversity, the sustainable use of its components, and the
fair and equitable sharing of benefits arising out of the
utilization of genetic resources. More broadly, however,
the Convention has one single overriding objective,
namely, the maintenance of the biological foundation on
which sustainable development can be built. The Johan-
nesburg World Summit on Sustainable Development
recognized unambiguously the critical role played by
biodiversity in overall sustainable development and pov-
erty eradication. It also recognized that the Convention
is the key instrument for the conservation and sustain-
able use of biological diversity and the fair and equitable
sharing of benefits arising from use of genetic resources.
In addition, the World Summit endorsed the existing
programmes of work under the Convention and called
for action to strengthen their integration into relevant
cross-sectoral strategies, programmes and policies. This
recognition of the importance of biodiversity and its cen-
trality to efforts to achieve sustainable development and
alleviate poverty was a major breakthrough that gives an
added impetus and urgency to work under the Conven-
tion and the achievement of its objectives.

For those objectives to be achieved, technology transfer
is essential.

The central importance that Parties attach to technology
transfer is underlined by the fact that no less than four
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articles of the Convention touch on the subject. Tech-
nology transfer is mentioned specifically as a means of
achieving the equitable sharing of benefits from the use
of genetic resources, one of the main objectives of the
Convention. Moreover, at each of six meetings held to
date, the Conference of the Parties has adopted deci-
sions that confirmed the need for technology transfer
and cooperation to successfully implement the provi-
sions of the Convention.

However, there appears to be a considerable gap be-
tween what is recognized as important and What is be-
ing realized. The appropriate transfer of relevant tech-
nologies and the provision of training on their use are
seriously hampered by a number of factors. They in-
clude the lack of adequate information on available
technologies, a lack of established terms under which
such a transfer should be made and, more generally, a
lack of appropriate regulatory, financial and institutional
frameworks. This meeting provides an excellent oppor-
tunity for a careful consideration of how these obstacles
and constraints can be overcome.

The socio-economic and legal aspects of technology
transfer have already been considered by the Parties to
the Convention at the Inter-sessional Meeting on the
Multi-Year Programme of Work of the Conference of the
Parties, which took place in March this year. In Novem-
ber, the Convention's Subsidiary Body on Scientific,
Technical and Technological Advice will look at practical
examples of the types of technologies that are available
and could be used by countries in the implementation of
the various thematic programmes of work under the
Convention.

On this basis, the seventh meeting of the Conference of
the Parties will provide a forum for global consen-
sus-building on issues related to technology transfer and
the formulation of policies to enhance technology devel-
opment and cooperation without contravening trade poli-
cies. The effectiveness of the resulting work programme
will depend on the extent to which its elements are
translated into governmental, intergovern-mental and
non-governmental programmes.

There are many international institutions providing policy
guidance on technology transfer in general. The Con-
vention, however, focuses on specific challenges related
to. biological diversity, such as:
• Lack of capacity to absorb imported technology at

the national level;
• Fear' of failure to manage risks associated with new

technologies;
• Limited market access. and hence a lack of incen-

tive for developing countries to invest in technologi-
cal innovations;

• Lack of international technological alliances or part-
nerships beneficial to biodiversity-rich developing
countries;

• Strong regimes for the protection of intellectual
property;

• Need to reform policies on technology that were
developed in the pre-globalization age;

• Lack of knowledge-based institutions.

The Convention is explicit on the types of technologies
and capacity to which access needs to be facilitated:
they - should be relevant to the conservation or sustain-
able use of biological diversity or make use of genetic
resources and should be environmentally sound.

A central role is attached to biotechnology. Article 19,
which led to the negotiation of the Cartagena Protocol
on Biosafety, concerns the handling of biotechnology
and distribution of its benefits. Many biotechnology-
techniques are available in the public domain and can
be obtained through training programmes and informa-
tion searches. Indeed, a number of developing countries
have already taken advantage of these opportunities.
Other biotechnologies are on offer, often from corpora-
tions that usually provide entire packages and discour-
age their modification and adaptation to local condi-
tions-a key element of successful technology transfer.

The situation may be different when it comes to relevant
technologies for the conservation of biodiversity and the
sustainable use of its components. There may be little
economic incentive to transfer or acquire them. They are
also not necessarily available on the market but need to
be developed and refined locally. This includes particu-
larly technologies relevant for the management of eco-
systems and populations and the rehabilitation and res-
toration of degraded areas. Tools related to surveying,
mapping and monitoring are increasingly accessible but
require a high level of expertise and institutional stability.
In many developing countries the number of trained sci-
entists in such areas is too low to readily fill the gap left
by a specialist who moves on. The consequence is often
that the use of expensive equipment and sophisticated
techniques is discontinued.

Capacity-building efforts therefore need to ensure that a
critical mass of people are trained and that their services
are retained for extended periods of time.,-There is also
a need to ensure that the necessary infrastructure is in
place to maintain and, if possible, further adapt and de-
velop the technologies transferred. In this respect, ca-
pacity-building efforts need to promote not only imitative
skills, but also innovative potential.

The World Summit on Sustainable Development called
on governments, industry, the research community and
civil society to engage in partnerships forthe develop-
ment and transfer of technologies that could contribute
to a sustainable use of the world's resources. Such part-
nerships would have to be conducive to investment and
technology development as well as their transfer and
diffusion. In the case of biodiversity, there is a vast po-
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tential for partnerships based on clearly enunciated and
mutually agreed trade-offs between access to resources
and the sharing of benefits from their utilization. Indeed,
the generation of income from the use of genetic re-
sources at the source, for example in biodiversity hot-
spots, could provide a strong incentive for both conser-
vation and sustainable use.

It is also important to consider the international mecha-
nisms that can be put in place or built upon and to col-
lect and disseminate information on available technolo-
gies. Developing countries need to be able to monitor
developments and identify technologies that may be
useful for the promotion of the objectives of the Conven-
tion in their circumstances. They also need information
on the means of acquiring them and the terms on which
they may be made available. It would also be useful to
exchange experiences on technology transfer and to
compile easily accessible case-studies that can serve to
highlight the success stories as well as possible con-
straints and pitfalls. In all these respects, I believe that
the clearing-house mechanism under the Convention
has a pre-eminent role to play.

Let me conclude by thanking the organizers once again
for making the arrangements for us to come here. I look
forward. to a week of informative and stimulating discus-
sion. I am sure that this meeting will live up to its reputa-
tion as an outstanding forum for the marriage of science
and policymaking. And I am sure that your conclusions
will, once again, be of great value to the Parties to the
Convention in their quest for policy direction based on
the soundest possible scientific advice.

I thank you for your attention.

GEF Executive Coordinator
United Nations Development Programme
(UNDP),
New York, USA

Honourable Minister of Environment, Børge Brende,
CBD Executive Secretary, Hamdallah Zedan, UNEP
Deputy Executive Director, Shafqat Kakakhel,  Confer-
ence Chairman, Peter Schei, and Distinguished Dele-
gates.

I am delighted to be with you today to deliver this Open-
ing Statement.  UNDP’s Administrator, Mark Malloch
Brown, could not personally attend but sends his best
wishes for a successful and productive conference on
technology transfer and capacity building, issues close
to his heart.

The Trondheim Conferences on Biodiversity have been
influential in shaping and influencing the global biodiver-
sity agenda, including generating the concept of the
“ecosystem approach”, an idea now widely adopted
throughout the world.  Hence the importance of your
work here this week on a topic that is central to the work
of UNDP -  UNDP being the UN’s global development
agency with the mandate for supporting developing
countries in developing national and local capacities.

Biodiversity - and the ecosystem goods and services it
provides - underpins sustainable development.  You all
know this to be true.  But we still need to continue to
convey this message to those who shape our world and
often set in motion the chain of events which undermine
sustainability and threaten our long-term ability to allevi-
ate poverty and protect our natural resource base.

Nevertheless, there is good news to share.  The last
three years have witnessed some major shifts in soci-
ety’s perceptions of the role of biodiversity.  The Millen-
nium Development Goals, agreed by 189 heads of gov-
ernment in September 2000, constitute an unprece-
dented and historic alignment of the objectives of sus-
tainable development and poverty reduction.  This con-
tinues a process launched in 1972 in Stockholm, carried
through by Norway’s own Gro Harlem Brundtland who
led the Commission which produced the pathbreaking
“Brundtland Report” - widely distributed as the book “Our
Common Future” - which first popularized the notion of
“sustainable development”.  This set in place the chain
of events that led to the 1992 Earth Summit in Rio which
launched key global environmental conventions - in-
cluding the Convention on Biological Diversity.  The
CBD COP-6, held in April 2002, established 2010 as the
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target year for significantly reducing the rate of biodiver-
sity loss.  This was then endorsed at the World Summit
on Sustainable Development in August last year and
referred to in the Johannesburg Plan of Implementation.

The message of environmental sustainability as a key
ingredient in poverty alleviation and embodied in Millen-
nium Development Goal #7 - Ensuring Environmental
Sustainability, was further elaborated in the WEHAB
framework - the 5 key issues for sustainable develop-
ment that the UN Secretary General has asked the world
community to focus on: namely Water and Sanitation,
Energy, Health, Agriculture and Biodiversity.  Our con-
ference chairman this week, Peter Schei, led the
UNEP/UNDP partnership which helped prepare the bio-
diversity paper for the WSSD WEHAB process.

In support of the MDGs, the UN Secretary-General has
launched the UN Millennium Project, led by Prof. Jeffrey
Sachs, to develop and propose the best strategies for
meeting the MDGs.  UNDP and UNEP have been work-
ing together on this, and just last week my colleagues
were sitting together, again with Peter Schei and others,
in Quito, Ecuador, working on Millennium Task Force 6
on environmental sustainability.

Earlier this year in London, UNDP, UNEP and the CBD
Secretariat, with the support of the U.K., jointly orga-
nized two meetings, “Biodiversity after Johannesburg”
and “The Global Biodiversity Challenge”, further ad-
vancing the thinking on the links between biodiversity,
environmental sustainability, and the MDG’s, and in par-
ticular how biodiversity indicators, which point to the
health of the ecosystems on which we depend, can
serve as indicators of progress towards sustainability.

This Trondheim Conference has the opportunity to move
this issue forward.  A fundamental question is how we
address broader issues of capacity building and tech-
nology transfer, not just for environmentalists and envi-
ronmental agencies, but for the agents of development.
They are the ones who have the power and responsibil-
ity to alleviate poverty and address the needs of the
poor.  It is essential that we provide them with the tools,
the means, and the ability to do this so that we can alle-
viate poverty today, without condemning the whole world
to poverty tomorrow.

While this may seem obvious, since the case for inte-
grating biodiversity concerns into development is in-
creasingly embraced, we still have a long way to go.
Specifically we need to figure out how to do it effectively!
How do we start offering specific strategies and tools to
strengthen the capacity of development forces to fully
incorporate biodiversity and ecosystem service concerns
into their work?
Over the last decade, UNDP has channeled over one
billion dollars to developing countries to support their
efforts to conserve and sustainably use biodiversity,

mainly through the GEF where we are implementing
projects amounting to over $450 million in grants plus
equal amounts of cofinancing.  Our biodiversity projects
range from multi-million dollar programmes to small
projects and capacity development activities under the
biodiversity convention.  We work with governments on
issues of environmental governance.  We work with local
communities who do in practice what we do this week
only in theory - integrating biodiversity conservation and
sustainable use into their daily lives.  In Peru, for exam-
ple, we are working with the indigenous Amarakaeri
people, helping them improve community-based forest
management practices and protecting intellectual prop-
erty rights for a 450,000 hectare area of the tropical
amazon forest.  In Russia’s Taimyr Peninsula, we are
helping indigenous reindeer-dependent communities
enhance their livelihoods while maintaining the func-
tioning ecosystems on which they depend.  Through the
GEF Small Grants Program which UNDP implements,
support has been provided to over 2,100 local commu-
nity-based organizations working on biodiversity and
sustainable livelihood projects.

The Equator Initiative identifies communities that have
taken innovative steps in both reducing poverty reduc-
tion and conserving biodiversity at the same time.  By
honouring these communities and putting them in touch
with each other, we are developing capacity at the base-
line level, from one community to the next, at a level
where it really counts.

Projects such as the Bamenda Highlands initiative in
Cameroon are supporting NGOs working with local
communities to develop sustainable use practices that
reduce poverty while simultaneously conserving the
mountain forests - critical to globally significant biodiver-
sity - and their services such as the provision of water
and traditional medicines.  At the same time, capacities
of local authorities to facilitate this work are being devel-
oped, local land tenure laws and policies are being re-
vised, forest supervision methods changed, and ena-
bling environments created to encourage community
management.  Again, dissemination is taking place,
community to community.

At the regional level, the UNDP system of knowledge
networks and SURFs – our Sub-Regional Resource
Facilities - facilitates the dissemination of these success
stories between countries around the world.  Lessons
are picked up and carried forward, ideas and information
are exchanged, and capacities grow.  UNDP is dissemi-
nating its experiences in biodiversity conservation and
protection through a “lessons learned” series, the first
issue being released at the CBD COP6 in The Hague in
April last year.  And UNDP/GEF is further decentralizing
its staff to the field to better service our clients.

You have a challenge this week.  How do we grow such
efforts?  How do we enhance our ability to transfer les-



18

Norway/UN Conference on Technology Transfer and Capacity Building

sons learned and practices that enable biodiversity con-
cerns to be effectively incorporated into poverty allevia-
tion and development efforts?  How can we effectively
transfer them from community to community, between
local governments, from nation to nation, and from the
committed biodiversity community to the rest of the de-
velopment community?   This is a challenge that I am
sure you will all rise up to meet and UNDP will do its
best to partner you in this endeavour.

Minister Børge Brende is the new Chair of the Commis-
sion for Sustainable Development.  We look forward to
his leadership to strengthen the role of the CSD.  This
conference should help provide him with some ammuni-
tion to help him in his efforts.

My best wishes to all of you for a successful and pro-
ductive conference.

.

Faculty of Science UNAM, México
Chair of STAP - GEF
jcarabias@ecologia.unam.mx

It has been well recognized by scientists that biodiversity
is exposed to processes of extinction as never before in
the history of evolution. Although knowledge about the
functional consequences of biodiversity loss is still lim-
ited, as well as which organisms are critical to maintain-
ing vital ecosystem services, enough evidence exists to
demonstrate that biodiversity at the genetic, population,
species, communities, ecosystem and landscape level,
as well as the interactions between them and with the
biophysical factors are completely essential for the func-
tioning of the earth system and for maintenance of our
life-support system.

Biodiversity provides food, medicines, fibers, clean wa-
ter, regulation of the hydrological cycle, fertile soil,
regulation of local air temperatures, balance of atmos-
pheric gases that determine the climate of the planet,
just to mention the most obvious benefits that ecosys-
tems offer to society without recognizing any political
boundaries. Even if this is so obvious for scientists,
ecologists, conservationist organizations and a few other
sectors in society, the majority of humankind does not
realize their crucial importance and take all the ecosys-
tems services for granted. The benefits are only realized
valued once they have ceased to exist. Then society
opts for a technological fix, but usually this option sel-
dom attempts to replace the full array of services sup-
plied by the natural system.

As society we have failed to understand biodiversity as
part of our heritage and the need of its conservation in
our code of ethics and moral values, as we have suc-
ceeded in relation to cultural heritage and the values
around it. Not even the effort to quantify economic value
of self-maintaining ecological systems has been an in-
centive enough for preserving natural ecosystems.

Biodiversity is still a marginal issue; it is not a priority for
governments or for society. Issues more urgent to attend
in the multilateral and national agendas are always ar-
gued.. We are not facing, as generation, our responsibil-
ity. Our generation will be the responsible for the biggest
impact ever registered before in nature. The relation
between biodiversity conservation and development is
not understood by most decision makers or the general
public.
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Important efforts are being done. No doubt about it. But
the trends are clearly demonstrate that we are not doing
enough. WSSD recognized that...”Loss of biodiversity
continues, fish stocks continue to be depleted, desertifi-
cation claims more and more fertile land, the adverse
effects of climate change are already evident, natural
disasters are more frequent and more devastating and
developing countries more vulnerable, and air, water
and marine pollution continues to rob millions of a de-
cent life” (The Johannesburg Declaration on Sustainable
Development, 4 september 2002).

In 1992, when the Convention of Biological Diversity was
adopted, the expectation was that 90s was going to be
the decade of biodiversity. But it wasn´t. During this pe-
riod progress has been made on technology discus-
sions, access to genetic resources, financing, the clear-
ing house mechanism and a protocol on biosafety. But,
unfortunately, these collective efforts have been insuffi-
cient and there are multiple indicators that show that
after 8 years of existence of CBD, there is no change in
the global trends of rapid loss of the various components
of biodiversity: genes, species and ecosystems

Three main problems have occurred from my point of
view.
1. The original objectives of CBD (conservation in situ;

sustainable use of all components of biodiversity;
and equitable sharing of  benefits of use of genetic
resources) advanced at different speeds, with the
issues of in situ conservation far behind.

2. There are not quantitative targets or and timing
committed by the Parties.

3. There are no mechanisms to increase synergies
between CBD and other Conventions nor between
biodiversity and development.

4. National governments are not assuming the struc-
tural risk that the planet is being put in, as the loss of
vegetation cover will lead to the loss of fundamental
environmental services.

World Summit of Sustainable Development was another
hope to push biodiversity commitments. The expecta-
tions were high but not achieved. However some im-
portant  agreements could be formalized, and we must
recognize Peter Shei´s effort in these achievements.

Just to mention the most important ones linked with bio-
diversity:

“Achieve by 2010 a significant reduction in the current
rate of loss of biological diversity”

“On an urgent basis and where possible by 2015, main-
tain or restore depleted fish stocks to levels that can
produce the maximum sustainable yield.”

“Accelerate implementation of the IPF/IFF proposals for
action by countries and by the Collaborative Partnership

on Forests, and intensify efforts on reporting to the
United Nations Forum on Forests, to contribute to an
assessment of progress in 2005”.

It is also relevant to mention another statement of Jo-
hannesburg Declaration on Sustainable Development
related with the purpose of this Conference:

...”We will work together to assist one another to have
access to financial resources, benefit from opening of
markets, ensure capacity building, use modern technol-
ogy to bring about development, and make sure that
there is technology transfer, human resources develop-
ment, education and training to banish forever underde-
velopment”.

It is clear that we already have the framework to over-
pass the blockroads and face the new challenges. It is
time for implementation as has been repeatedly said
again and again. And COP7 of CBD, in April 2004, is a
great opportunity to make the biggest effort to push con-
servation in situ of biodiversity since Article 8 on pro-
tected areas is going to be discussed.

In this unique context the conservation community and
all those interested in conservation of biodiversity must
be capable to push  COP 7 on the commitment of the
Parties to:
• define priorities, quantitative and qualitative specific

targets, timetables, and indicators of compliance.
• adopt a programme of work
• develop  governmental and social capacities to

achieve conservation and sustainable use of biodi-
versity as a fundamental basis for sustainable de-
velopment.

What do we mean by capacity development?

Capacity can be defined as the ability to perform func-
tions, to solve problems, and to set and achieve objec-
tives. Capacity Development is a process of change
that involves transforming individuals, institutions, and
society as a whole. This includes (1) enhancing knowl-
edge, skills and capabilities to identify and address
threats and opportunities; (2) establishing and support-
ing institutions with adequate resources to implement
management plans and strategies; and (3) developing
the enabling environment through sound legal and policy
frameworks and through societal recognition of the
benefits of biodiversity conservation and the value of the
services it provide.

Developing capacity to manage and conserve biodiver-
sity effectively involves establishing objectives, identify-
ing bottlenecks or capacity limitations that constrain the
achievement of those objectives, and bringing appropri-
ate resources to overcome those constraints.  The
needed resources may include, but are not limited to,
knowledge and skills, human, technical, and financial



20

Norway/UN Conference on Technology Transfer and Capacity Building

resources, societal support, and appropriate legal, judi-
cial, and institutional frameworks.

What kind of capacities are needed to conserve and
manage biodiversity adequately?

Increase in population, unsustainable production and
consumption patterns, poverty, development of infra-
structure are some of the main challenges society will
have to face in the 21st century. On the other hand,
global changes offered opportunities  in technology, ex-
panding access to information and communication, as
well as consolidation and expansion of democratization
processes. But there are no policies, legal and institu-
tional framework adapted to face these challenges. It is
necessary to strengthen crucial capacities at the gov-
ernmental and society level as well as the institutional,
system and individual level to face threats and take ad-
vantage of opportunities. Some proposals to develop
these capacities are the following:

1. Adopt in COP7 a programme of work for natural
protected areas with specific targets and timing
committed by Parties.

The Conference of the Parties at the fourth meeting se-
lected protected areas as one of the three themes for in-
depth consideration for its seventh meeting (decision
IV/16). The Executive Secretary has established an ad
hoc technical expert group to provide advice relating to
the establishment and management of protected areas
and to determine how the issue of protected areas will
be considered in the context of the Convention, ulti-
mately aimed towards the development of a programme
of work on protected areas under the Convention
The expert group were asked to undertake the following
tasks:
a) Review methods and approaches for the planning

and management of protected areas including op-
tions for appropriate policies, strategies, and prac-
tices consistent with the objectives of the Conven-
tion;

b) Identify ecosystem and bioregional approaches to
protected area management and sustainable use of
biological diversity;

c) Identify mechanisms to enhance stakeholder in-
volvement;

d) Propose methods for developing systems plans and
integrating biological diversity considerations into
sector strategies and plans;

e) Identify options for management of trans boundary
protected areas; and

f) Based on the above considerations, propose options
and priority actions required for effective establish-
ment and management of protected areas

The World Park Congress, in Durban in September, will
be an opportunity to analyze the results of assessments
of management effectiveness in order to identify any

common regional or global features and trends, dis-
seminate the results of this analysis to State Parties and
make available information on the most effective man-
agement responses to commonly identified problems
with protected area management as well as  promote
the adoption and implementation of best practice sys-
tems for assessing management effectiveness of pro-
tected areas at the local, national and regional level.

Needs
• The State Parties of CBD should adopt in COP 7

a programme of work on protected areas, with
specific targets to allow to accomplish the 2010
WSSD target, including issues  related with poli-
cies, legislation, planning, management, moni-
toring, participation and public awareness.

2. Raise biodiversity policies to the highest  priority
level in national agendas

In spite of the fact that all of the countries, except USA,
have ratified the Convention on Biological Diversity, the
conservation of their natural heritage has not become a
priority in most national political agendas. It is all too
common for social and economic policies to clash with
conservation policies, and that the priority is given to
economic policies. Even if it is an obligation for each
Party of CBD to elaborate a National Strategy for Biodi-
versity, not all countries have done it, or have done it
successfully as a rector  instrument that orients  national
policy.

The lack of priority is also reflected in national legisla-
tions. The legal frameworks that regulate biodiversity
vary from country to country. Some nations specifically
mention biodiversity in their political constitutions, while
others have enacted general (organic), sector or specific
laws, sometimes even contradicting one another or even
lack detailed regulatory frameworks.

Needs:
• Include at the highest level of the national plan-

ning instrument the concepts and orientations
for conservation policies and incorporate the
global change perspective.

• Harmonize the national sector policies and leg-
islation with national conservation policy and
legislations to guarantee a balance of conserva-
tion and development objectives.

3. Strengthen the institutional framework linked to
conservation and management of biodiversity
Every country has several institutions linked to the ad-
ministration and conservation of biodiversity as it is a
cross sector issue. But generally hierarchy is low and
when the responsibility falls within institutions which are
also responsible for commodity production and eco-
nomic development, such as agriculture, forestry, fish-
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eries or rural development, there is limited compatibility
between conservation and the development functions of
such agencies.

These agencies and the ones responsible for develop-
ment are neither well articulated nor well coordinated
between them. They compete for turf, budgets, natural
resources, influence, and primacy. Development con-
stituencies and economic interests tend to be more
powerful than environmental ones and frequently reflect
supposed short-term benefits of ill-planned development
that are not sustainable in the long run.

In general, agencies responsible for biodiversity man-
agement and conservation law enforcement are weak;
they have insufficient economic and human resources
and limited legal power and political capital to operate
efficiently.

Needs:
• Establish a national institution with the mission

to promote, coordinate and support activities
aimed at researching, preserving, monitoring
and using in a sustainable manner the national
biodiversity.

• Raise the hierarchical level of agencies respon-
sible of conservation and management of biodi-
versity.

• Strengthen the ability of environmental law en-
forcement agencies, government prosecutor of-
fices and judiciary authorities to fulfill their
mandates, providing sufficient economic, human
and material resources and coordination.

• Establish permanent inter-institutional and inter-
sectoral coordination mechanisms, from differ-
ent levels of government, to establish  common
and compatible policies between conservation
and development; elaborate, implement and
monitor the compliance of the planning instru-
ments; resolve inter-institutional conflicts and
with local  communities.

4. Promote regional planning instruments to achieve
sustainable development including the biodiversity
dimension

Also at the regional level there is a lack of a unified pol-
icy toward sustainable development. It is very common
that governmental action at the regional level responds
to different policies and interests; there is a lack of coor-
dination between the different levels of government, and
usually no concern or understanding on environment
issues and potentialities.

Environmental instruments such as the Territory Eco-
logical Land Zonings or Marine Zonings, which allow the
organization of resource-use based on biophysical char-
acteristics, and taking into account the social and eco-
nomic realities of the region, or the establishment of

natural protected areas have no relation with the pro-
ductive policies. In these circumstances the environ-
mental instruments are inefficient and appear as mere
limitations for local communities instead of being real
catalysts for sustainable development.

Needs:
• Elaborate for each priority bioregion identified at

the national level, a Regional Sustainable Devel-
opment Program, and a Territorial Ecological
Land Zoning or Ecological Marine Zoning (de-
pending on the bioregion) which includes envi-
ronmental, social and economic variables and
offer sustainable productive alternatives for re-
gional development, with the participation of all
regional stakeholders and with the involvement
of institutions form different sectors and  from
all levels of government.

• Promote sustainable productive activities and
restoration actions with local communities in the
bioregions under risk of fragmentation, to link
the ecosystems through well-ordered biological
corridors, that allow  migration of species as
conditions change; a more adequate use of
natural resources, restore the region  and pre-
vent or reverse the fragmentation of well con-
served ecosystems.

5. Establish a strategy for decentralization and de-
volving functions to local stakeholders directly
linked with conservation and management of bio-
diversity

Global economic challenges have caused major re-
thinking regarding the role of central governments in
many nations in recent years. Central government re-
structuring often has a particularly severe impact on
many conservation agencies, typified by increased fi-
nancial austerity and personnel cutbacks. These trends
have also occurred in a period marked by global trends
towards greater democratization, privatization of many
traditional governmental functions, greater transparency
in decision making and devolution of management re-
sponsibilities from central governments to regional and
local institutions, communities, NGO, private contractors,
and other segments of civil society.

This decentralization processes, when not conducted
with great care, can create great risks to biodiversity
since in many cases clear national strategies, vision and
guidance can be lost in highly decentralized systems.
Unfortunately, the motive for decentralization is often
primarily to relieve central governments of fiscal respon-
sibilities and decentralization is often not coupled with
necessary investments in building capacity at the re-
gional and local government levels and among other
local stakeholders.
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Local authorities and other community-level stake-
holders are often extremely vulnerable to short-term
thinking and political and economic pressures arising
from social conflicts.

Needs:
• Develop strategies which define clear and com-

plementary roles for national, regional and local
institutions responsible for management and
conservation of biodiversity and for non-
governmental entities and private and tribal
landowners involved in biodiversity conserva-
tion and management.

• Develop local capacities to manage and con-
serve biodiversity

6. Promote organized processes of stakeholder par-
ticipation linked with conservation and management
of biodiversity

The capacity to engage diverse stakeholders and con-
stituencies is an essential element of effective manage-
ment and conservation of biodiversity and ecosystems.
Participation, however, must be seen not as an end in
itself but as a means to achieve other ends. At best,
participation can create an environment in which biodi-
versity management and conservation decisions are
understood and supported by the public. At worst, par-
ticipation can pressure to satisfy a range of competing
demands and expectations, some of which will actually
be detrimental to biodiversity conservation.

These experiences are largely determined by the social
and cultural conditions of each nation and region. Social
participation is above all a learning process for the defi-
nition of new rules which allow interactions between
stakeholders for decision making processes. This holds
as a pre-condition the existence of a democratic setting
and a minimum of stable governance. Participation is
increasingly becoming a constitutional right for citizens
of many countries; in practice, however, it is just begin-
ning.

Needs:
• Establish participation mechanisms that are

suitable for each country, that include all rele-
vant stakeholders, at national and regional level
accordingly,  in order to aid the decision-making
processes for planning; facilitate institutional
synergies and policy integration; analyze and
catalyze solutions for national and regional con-
flicts and evaluate and monitor achievements
with respect to biodiversity conservation and
management; exchange and update of informa-
tion; inform the public.

7. Elaborate a strategy of communication, education
and public awareness to raise the importance and
interest for biodiversity.

There is limited recognition of the benefits of biodiversity
in the societies and this leads to a lack of political sup-
port for conservation. Few people argue for biodiversity
conservation.

Conventions have not emphasized public awareness
sufficiently and international conservation NGOs do not
have a shared strategy to sensitize people. They often
run campaigns that are not sensitive to the local capacity
and do not raise national capacity.

The governmental agencies do not have professional
staff and have limited resources to invest in public infor-
mation, communication and education. There is also
lack of access to advice, training opportunities, learning
networks and informal communication nationally and
internationally and often there is failure to work in a co-
ordinated strategy with partners (NGO, tourism organi-
zations, etc.).

Needs:
• Conventions, International NGO and National

Agencies should have a Communication, Educa-
tion and Public Awareness (CEPA) strategy and
work programme implemented to raise the pro-
file on the value of biodiversity and improve
awareness in society.

8. Include science in decision making and promote
research and technology on emerging issues linked
with conservation and management of biodiversity

Although research has increased in the study of emer-
gency issues, still there is not enough understanding of
them and coordination efforts between different institu-
tions is  weak. Considerable efforts are being pushed
forward by the scientific bodies of the Conventions,
GEF, and international organizations.

There is a lack of understanding between society and
the scientif community in the priorities for R&D agenda
and not enough invest in supporting research that will
benefit it in social, economic and environmental terms

On the other hand technological developments and
communication mechanisms, without precedent in the
history of humanity, can modify cultural patterns, orient-
ing them toward sustainability and opening options for
biodiversity incorporation to sustainable production
processes which generate opportunities and benefits for
the people.

Needs:
• Establish a scientific and technical advisory

committee, at the highest level of government, to
advise on global change issues and their impact
on national policies to strengthen  interactions
between science and public policy.
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• Promote networks of the scientific community to
build the level of support that decision makers
need on global change issues.

• Encourage research on:
o Understanding interactions between climate

change, biodiversity, land degradation and eco-
system stability.

o Integrated land science, in which environmental,
human and remote sensing/GIS science unite to
solve various questions about land-use and land
cover changes and the impacts of these
changes on humankind and the environment

o Modeling, time series, remote sensing and in-
crease in computer power to run models at a
higher resolution to include new processes and
to run large number of ensembles.

o Development of new technologies for the diver-
sified use of biodiversity as well as sustainable
harvesting of natural resources for agriculture,
forestry, aquaculture and fisheries and  elimina-
tion of the use of agriculture fire.

o Development of mechanisms for community
benefits, and green markets for sustainable
products.

o Environmental restoration.
o Develop methodologies for marine and terres-

trial zoning and for the establishment of biologi-
cal corridors.

9. Establish binding mechanisms for monitoring and
evaluation on the state of biodiversity at the national
level

Needs:
• Establish a worldwide biodiversity monitoring

network, with permanent monitoring sites se-
lected

• Agree at the multilateral level on  indicators for
monitoring the state of biodiversity at the na-
tional level with periodical reports to the Secre-
tariat of CBD

10. Strengthen individual capacities of stakeholders
linked with conservation and management of biodi-
versity

At the governmental level the personnel link to biodiver-
sity conservation and management has extremely differ-
ent capacities. Some have been trained within the pro-
ductive sector (forestry, fishing, agriculture) and others
in environment. But in general there is a lack of inte-
grated vision on management of conservation of biodi-
versity, its interactions with society and problems per-
taining to development.
Working conditions in general are poor and people earn
low salaries. Trained staff is difficult to keep. Interna-
tional organizations tend to identify competent people

and offer them jobs abroad or within the organizations in
their own countries.

Needs:
• Integrate a permanent training program and

technical assistance based on identified needs.
• Implement regional networks for training, inter-

disciplinary education in biodiversity conserva-
tion and management.

• Incorporate economic and social context of bio-
diversity, policy analysis negotiation, participa-
tory processes, business skills and financial
strategies, legal and institutional frameworks,
monitoring and evaluation, relations with
stakeholders and conflict resolution, sustainable
productive activities, land and marine zoning,
environmental restoration  in the training of per-
sonnel linked to conservation and management
of biodiversity.

The proposals on capacity development needs to face
21st  century challenges on conservation and manage-
ment of  biodiversity explained above are very general,
but they can be used as guidelines and elements for
more a detailed work programme to be adopted in COP
7 by the State Parties.

We all know that multilateral environmental agreements
are not enough by themselves, especially nowadays,
and that they have limits in their efficiency when a nation
is not interested in accomplishing the commitment.
However, it has been demonstrated that these multilat-
eral agreements are a big support for nations that have
the willingness to improve their performance. It is worth
doing the effort an the conservationist community cannot
waste the big opportunity that COP 7 offers in 2004.
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Abstract

It often seems as if development is led by technology,
and those countries and individuals with the greatest
power are those with access to the most powerful tech-
nology.  But technology is a part of human culture, and
different cultures may treat technology in very different
ways, with different cultural groups attaching different
symbolic values to the same sorts of technology.  Given
the rapid development of technology, supported by both
public and private institutions, one major challenge to
societies is how to incorporate new technologies into
their cultures, so that their traditional values are main-
tained and enhanced while the new technologies enable
more productive and sustainable relationships with the
environment.  It is apparent that technical actions and
changes in technology are both determined by social
relations that go far beyond mere action on matter, and
simultaneously provide the basis for such relations.  In
many cultures, different parts of technology are con-
trolled by different sectors of the society, but other forms
of technology are becoming much more wide-spread;
the new forms of information technology are an impor-
tant example of the “democratization” of technology.  It is
apparent that cultural relations and power still decide
what is acceptable to adopt and what is rejected.  That
said, much evidence indicates the pragmatism of most
people, and with reasonable care cultural sensitivities
can be addressed when introducing new technologies.
The various cultural responses to the introduction of new
biotechnologies indicate how different cultural concerns
are addressed in different parts of the world, and how
such issues might be addressed within the context of the
Convention on Biological Diversity. The intention is to
find ways to enable the various cultures in the world to
develop in ways that they consider appropriate, without
losing their cultural integrity.

Introduction

On holiday in a Norwegian fishing village near here, a
businessman from Oslo was watching a local fisherman
landing a rather modest catch. “I don’t understand your
culture. Why don’t you improve your technology, stay out
at sea longer and bring in more fish?” the businessman

inquired.  The answer: “I like to spend my time playing
with my children, taking a nap with my wife, and drinking
beer and playing cards with my friends.” The business-
man was not impressed. “If I help transfer new technol-
ogy to you, you could build your capacity, enhance your
productivity, and buy a second fishing boat, then an en-
tire fleet. You could incorporate, move to Oslo, and list
your corporation on the stock exchange. Eventually you
could sell your stock and become very rich.” “And then
what?” the fisherman asked. “Then comes the best part!”
the businessman replied. “You can retire. You can move
to a fishing village. You can play with your grand-
children, take a nap with your wife, and drink beer and
play cards with your friends!”

This story illustrates the point that technology transfer is
not invariably helpful to those receiving the technology,
and that cultures that have developed their own technol-
ogy may be quite satisfied with it. But on the other hand,
it is presumptuous to assume that people do not wish to
adopt new technologies that may provide real benefits to
them; and virtually all cultures have adopted technolo-
gies from outside.

First a few definitions. Technology is “the particular do-
main of human activity immediately aimed at action on
matter” (Barnard and Spencer, 1998); it can include “a
product, for the application of a process or for the ren-
dering of a service” (UNCTAD, 1990). Thus technology
transfer can mean providing computer hardware and
software, ways to move genes between species, or even
the idea of establishing and managing protected areas
for conserving biodiversity. Technology can flow be-
tween different parts of the private sector, between
states, between the private and public sectors, between
different parts of civil society, and so forth. Transfer is
complete when a technology has been successfully
adopted or adapted, and is being used in a sustainable
way by the receiving party.

The focus of the Convention on Biological Diversity
(CBD) is on modern technologies, including biotechnol-
ogy, for conservation or sustainable use, or which make
use of genetic resources, and do not cause significant
damage to the environment (Article 16.1). However,
technology transfer can also involve traditional knowl-
edge being adopted by highly developed cultures, for
example through ethnobotany or sustainable forms of
resource management (as implied in CBD Article 10c).

“Societies” refer to the organization of individuals into
groups and their resulting relations, while “culture” is the
set of ideas, attitudes and habits evolved by people to
help them in their conduct of life (Kroeber, 1948). More
comprehensively, culture includes knowledge, belief, art,
morals, law, customs, and any other capabilities and
habits acquired by people as a member of society (Tylor,
1871). Language is often used as a surrogate for cul-
ture, though different cultures may share a common
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language (for example, Scotland and Australia) and
learning to speak a language fluently does not make the
student a member of the culture speaking the language
(Harmon, 2002).

Every human society has its own particular culture, often
with its own language. Cultures change over time based
on historical factors, physical habitats, and the availabil-
ity of local resources. Particularly important components
of culture in the context of biodiversity include religion,
language, and traditional knowledge about resource
management.

Cultural and biological diversity are intimately and inex-
tricably linked (Harmon, 2002). The enormous diversity
of cultures around the world has arisen in response to
diverse biological, historical and physical environments,
and has in turn influenced the management of these
environments. For example, the indigenous peoples of
Amazonia developed sophisticated resource manage-
ment systems that supported dense populations long
before Europeans arrived and the extraordinary cultural
diversity of India, Indonesia, and China builds on cultural
adaptations to the very diverse ecosystems that char-
acterize those vast countries.  Unfortunately, much of
this cultural diversity is under threat as technology
transfer helps modern societies to become more homo-
geneous, and to absorb traditional cultures.  For exam-
ple, it is estimated that over half of the world's 6,800
languages are in danger of extinction, being spoken only
by the elderly and no longer taught to the young
(Harmon, 2002). Loss of cultural diversity can contribute
to loss of biological diversity by diminishing the variety of
approaches to human, plant and animal co-existence
that have been successful in the past, and by reducing
the possibility of imaginative new approaches being de-
veloped in the future. Thus those advocating the transfer
of new technologies need to include careful considera-
tion of their potential impact on the receiving culture, and
of the implications of the technology transfer for global
cultural diversity.

The role of technology and technology transfer

Technology has always been part of any culture’s re-
sponse to changing conditions, and given that conditions
are changing more rapidly now than ever before in hu-
man history, innovation is essential to ensure that limited
resources are effectively utilized and that technology is
both relevant and well applied. The growing technology
gap between rich and poor countries will widen further
unless special measures are taken to ensure that mod-
ern technology is promoted in forms that are relevant to
the developing countries. But this technology cannot be
forced upon any culture; on the contrary, it must be
made available in forms that each culture can adapt to
its own needs. One important cultural trap that needs to
be avoided is the narrow pursuit of commercial profits,

which may increase the vulnerability of a society to un-
foreseen environmental and economic changes. This
calls for increased public sector investment to enhance
the capacity of society to adapt to such changes.

Technology arguably is the force that has separated
humans from the rest of the animal kingdom, and many
observers suggest that human evolution is inseparable
from technology (e.g., Degregori, 2001). “Progress” is
often equated with humanity’s increased technological
control over wide domains of the natural and material
world, or the increased productivity of labour through
technology (Mumford, 1934). While not every culture has
been concerned about acquiring wealth, all have mobi-
lized technology in ways considered appropriate by the
people affected.

In the modern context, one of the main factors that sets
developed countries apart from developing ones is that
the former have far greater access to modern technol-
ogy, or rather that modern technology has become much
more fully integrated into their societies. Therefore, one
of the strongest drivers of current forms of development
is technology transfer, and this is recognized in the CBD
Article 16 on access to and transfer of technology.

Societies adopt or develop only some technologies and
ignore or dismiss others, because changes in technol-
ogy are affected by social relations that go far beyond
mere action on matter (Lemonnier, 1993). While cultures
theoretically are free to choose or reject a technology,
the reality is very different, as rejecting the perceived
benefits of modern technologies may make cultures vul-
nerable to various outside influences that can be even
worse than the influence of the new technology. For
example, cultures in the Amazon who do not adopt fire-
arms can be victimized by those who embrace them,
and the differential acceptance of GM soybeans be-
tween Brazil and Argentina is leading to tensions over
access to foreign markets.

Useful technological innovations tend to spread in one of
two ways: first, other societies see or learn of the inven-
tion and adopt it readily, often modifying it to suit their
culture; and second, societies lacking the new technol-
ogy find themselves at a disadvantage and are over-
whelmed, absorbed and replaced by societies that had
adopted the technology (Diamond 1998).

Cultures vary in their willingness to adopt new technolo-
gies, and many cultures are highly resistant even to
technologies that are demonstrably better than the ones
they already have. It appears that at least four factors
influence acceptance, assuming that no barriers to
transfer have been erected:
• Relative economic advantage;
• Social value and prestige;
• Compatibility with vested interests; and
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• The ease with which the advantages of the new
technology can be observed (Diamond, 1998).

Sometimes new technologies are imposed on minority
cultures by dominant ones, often in the name of “devel-
opment”. For example, the economic globalization that
characterizes modern industrial society is considered by
its proponents to be so self-evidently beneficial that they
feel no compunction about imposing its principles on
rural people throughout the world, at best through the
use of various economic incentives and at worst through
relocation and coercion. The replacing of subsistence
crops by market crops is the most obvious example of
this; minority cultures, often indigenous peoples, are
expected to embrace the economic benefits while sacri-
ficing their self-sufficiency. Perhaps worse, accepting to
be part of the world market means accepting a variety of
other related innovations and becoming increasingly
dependent on the world economy (Bodley, 1982). Quite
wisely, many indigenous peoples carefully weigh the
benefits of new crops and techniques against the loss of
economic independence and reliable subsistence pur-
suits, suspicious of the unknown hazards involved in
engaging in what amounts to an experiment with com-
plex cultural and natural systems. How this globalization
experiment will proceed is far from certain.

Further, cultures are constantly changing, and have al-
ways been adaptive systems. Changes can come from
within, through the invention of a new cultural element,
or can be borrowed from some external source. In to-
day’s world, most new technology is an offspring of the
marriage of science and existing technology, giving
those who are able to invest in science and technology
tremendous advantages over those who cannot. Thus
transferring bits of modern technology into traditional
material cultures carries with it both opportunities and
responsibilities.

But technology transfer is no panacea, and it often de-
livers advantages to some parts of a society while dis-
advantaging others. About US$50 billion per year is
spent on development assistance, including support for
scientific advances and associated technological inter-
ventions. Development activities tend to discredit exist-
ing knowledge and techniques (usually subsistence-
oriented, and often environmentally well-adjusted and
sustainable), and seek to replace them with scientifi-
cally-informed and controlled technology, which may
encourage outside hegemony (Sillitoe, 2000). Transfer
of modern technology tends to help the relatively
wealthy more than the poor, for two main reasons: first,
technology transfer enhances the power of wealthy
elites in the receiving society who can interact with the
international community, while the poor often are ex-
cluded and further lose control over their own lives; and
second, technological advances may increase the value
of resources, but as resources become more valuable,
they tend to attract the wealthy and powerful who then

seek to control them, to the disadvantage of the poor. As
just one example, once forests become accessible for
logging, the forest-dwelling peoples are likely to lose
their traditional ownership of the forest, affecting both
their welfare and their culture (Vitug, 1993; Dang, 1991;
Peluso, 1993).  If the wealthy evict them, following a
scientifically informed intervention that increases pro-
ductive capacity, the consequences can be devastating
to the local culture.

While traditional technologies are often well appreciated,
and artefacts from these traditional technologies may be
displayed in modern museums or decorate modern
households, they are quickly replaced when the modern
technology is more relevant to the culture. The replace-
ment of clay pots by metal pots is a good example, even
though the metal pots tend to be far less attractive and
far less culturally specific.

Many of the modern technologies are vastly different
from traditional ones, at least partly because they are
beyond the capacity of most people to replicate. Few of
us could make an aluminium pot by ourselves, in
marked contrast to traditional technologies, which typi-
cally enabled the individual (or a craft specialist) to repli-
cate a technology with local materials. For example,
implementing the idea of a clay pot is completely under
the control of the individual, thereby enhancing self-
reliance and allowing considerable expression of crea-
tivity (judging from the many shapes, sizes, and decora-
tions of clay pots found around the world, many of high
aesthetic standards and economic value).

But many people are happy to trade their self-reliance
for convenient forms of technology, being perfectly will-
ing to buy an aluminium pot while dismissing the tech-
nology of making clay pots, however aesthetically
pleasing the latter may be.

A particularly important element in development is ac-
cess to information. Ideally, such access enables people
to select for themselves which information is most rele-
vant to their particular needs. The rapidity with which
modern information technology has spread worldwide is
a good indication of its utility. And while technologies
such as the internet may be capable of greatly reducing
cultural diversity, they can also be used to enhance such
diversity, for example enabling speakers of a declining
language to find new ways of conserving that language.

Nor are uses of modern information technologies always
predictable. Here are a few classic quotes:

“I think there is a world market for about five computers”.
Thomas Watson, chairman of IBM, 1943.

“There is no reason for any individual to have a com-
puter in their home”.  Ken Olsen, president of Digital
Equipment Corporation, 1977.
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 “640K of memory ought to be enough for anybody”. Bill
Gates, CEO of Microsoft, 1981.

Technology is a dominant force in all societies and to-
day’s economic globalization is utterly dependent upon
it. Whether it is leading to sustainable forms of develop-
ment, or we can predict where it is taking us, are open
questions.

The technology of environmental destruction and
conservation

To the extent that technologies are learned through tra-
dition, they are embedded with various social relations,
practices, and representations. Modern technologies, on
the other hand, are often transferred without such a
context. Further, technologies tend to be interrelated, so
introducing a new technology may have ramifications --
some unpredictable -- throughout a culture, especially
because they are selectively taken up by gender, social
class, and other factors. The technologies involved in
domestication of plants and animals, for example, en-
abled at least a 10-fold increase in human population,
with profound implications for relationships between
cultures and significant impacts on the rest of biodiver-
sity.

Many technologies for exploiting or managing the envi-
ronment have been transferred between countries; in-
deed, the whole concept of global trade can be seen as
a form of technology transfer that makes the goods and
products of countries available to each other. Technolo-
gies such as clear-felling of forests, internal combustion
engines, firearms, chainsaws, and the global market can
be seen to have driven the destruction of biodiversity.
These destructive technologies are not covered by the
CBD.

On the other hand, technologies for conservation and
sustainable use also can be transferred, and these are
the focus of the CBD. In virtually all cultures, local peo-
ple have developed technologies for conserving biodi-
versity, either consciously or unconsciously. These have
included closed seasons, sacred sites where resource
exploitation is forbidden, voluntary limits on exploitation,
and purposeful maintenance of genetic diversity in agri-
cultural crops. Many of these technologies have been
culturally supported, through mythology, peer pressure,
religion, and social sanctions (such as the system of
taboo found throughout the Pacific) (Gadgil and Guha,
1993; McNeely and Wachtel, 1991; Wright and Western,
1992).

But these technologies were developed for particular
and very specific situations, and may not necessarily be
sufficiently rigorous to face up to greatly expanding
pressures. For example, while restrictions on over-
harvest of wildlife may function well in a subsistence

economy, if the wildlife suddenly acquires a commercial
value, then the traditional restraints may no longer hold.
In such a case, new technologies may be required to
ensure conservation. One such technology is the con-
cept of protected areas, which has now spread world-
wide as a means for governments to manage areas
valuable for their biodiversity.

The concept of protected areas is based on a model
developed at Yellowstone National Park in the USA,
which was established at a particular moment in history
when the indigenous human population was at a very
low level due especially to military action against the
several Amerindian cultures that had historically occu-
pied the area (Burnham, 2000). The ideal of a national
park not occupied by humans was subsequently pro-
moted throughout the world. But this ideal often seems
to be observed more in the breach than in the obser-
vance; in South America, for example, an extensive sur-
vey found that 86% of the national parks (IUCN Cate-
gory II) were in fact occupied by people (Amend and
Amend, 1995), and even the most strictly protected ar-
eas in developed countries are occupied by tourists and
supporting staff. As a result, many other approaches to
protected areas are now being developed that are more
relevant to the cultures where they are located, including
sacred sites declared by indigenous cultures (e.g., Kel-
ley and Francis, 1994; Laird, 2002) as well as other
kinds of protected areas established by governments.

The value of traditional cultural knowledge

Given the very great variability in approaches to re-
source management taken by various groups of indige-
nous peoples, it is not surprising that various hypotheses
have been developed to explain why some groups of
indigenous and traditional peoples appear able to live in
balance with their resources while others descend into
abject poverty.  A common observation is that ethnic
groups that have lived in an area for extensive periods of
time and appear most dependent on their locally-
available resources are most likely to have developed
sustainable forms of resource use. Much of the indige-
nous conservation literature has focused on systems of
meaning ("we respect nature, so we would not abuse it")
rather than on resource management practices and their
outcomes for resource population ecology, or sustain-
able use (Winterhalder and Lu, 1997).

Indigenous peoples and their advocates claim that up to
90% of the world's biodiversity has been conserved and
developed in indigenous territories, indicating that they
are the ones who best know how to manage this diver-
sity and who have the authority to take decisions re-
garding it. They point out that they have not asked for a
convention on biodiversity, because the procedures of
such instruments are very different from their concepts
and principles, and from the way in which they work,
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analyse and take decisions within their communities.
This generalisation, by the Indigenous Forum on Biodi-
versity, ignores many of the realities of everyday life
among indigenous peoples, including low life expec-
tancy, decision making in very few hands (in at least
some indigenous peoples groups), endemic violence,
and various other problems. Even so, they claim a le-
gitimate right to participate in decision-making processes
relating to access to their knowledge and resources.
They expect prior informed consent, as well as the right
to deny access to their knowledge and to reject bio-
prospecting, exploration, exploitation, or application of
intellectual property rights when these procedures go
against the principles and collective rights of their peo-
ples. They are very concerned that their knowledge and
even they themselves are being used as research ob-
jects for reasons of bioprospecting or biopiracy which
increasingly harms biodiversity and even human life.
They contend that it is necessary to return genetic re-
sources and traditional knowledge of indigenous peoples
and local communities to where they originated. They
reject the application of intellectual property rights re-
gimes on life forms and associated traditional knowledge
under any circumstances.

While many indigenous peoples believe in the concept
of living in balance with other living things, cultures also
change, and are changing today at an accelerating
pace.  For indigenous peoples, "If they express tradi-
tional closeness to "nature" today -- and many do -- they
are likely to emphasize a generalized reverence for sa-
cred lands and sites there important events unfolded, a
special "sense of place", and respect for other living
beings" (Krech, 1999). They do not necessarily reject
cultural innovations that will make them more successful
hunters or farmers, such as flashlights, shotguns, chain-
saws, or motor vehicles, even if these lead to unsustain-
able exploitation.

Modernizing states of the developing world seldom ap-
preciate traditional knowledge, instead often applying
the rigid scientific categories and bureaucratic simplifi-
cations that are characteristic of the process of moderni-
zation. In the process of modernization, many develop-
ing country governments have neglected or suppressed
local and traditional knowledge in the name of nation-
building. The simplifications often serve the government
purposes of central control and coordination, and ex-
press excessive confidence in scientific and technical
progress, the expansion of production, the growing sat-
isfaction of human needs, the mastery of nature, and the
rational design of social order that is consistent with the
scientific understanding of natural laws (de Zwart, 2000).
While it is difficult to be certain, it may well be that the
rigid, single-purpose and centralized institutions that
characterize modernizing states are brittle, lead to over-
exploitation of resources, and are unlikely to be sustain-
able in the long term. Local and traditional knowledge,
on the other hand, is much less rigid, and in fact is prac-

tical, opportunistic, and contextual. Local knowledge,
however, may also perpetuate traditional practices of
domination, monopoly, power, and exclusion. Finding
the right balance between traditional, contemporary, and
advanced technologies remains a central challenge for
today’s societies and those who govern them.

Cultural challenges to transferring technology: the
case of genetically modified organisms

Biotechnology, which the CBD explicitly recognizes as
part of technology (Article 2), refers to a broad range of
technologies in which humans manipulate or alter the
genetic makeup of organisms. The use of biological
processes to solve problems or make useful products is
well established and accepted throughout the world.
Biotechnology has been used by most cultures for many
centuries and includes such common processes as the
fermentation involved in the making of beer, bread and
cheese.  It also includes the conventional breeding tech-
niques that are the basis of domestication and breed
improvement.  Modern biotechnology, including recom-
binant DNA technology or genetic engineering (GE),
involves the transfer of DNA from one organism (plant,
bacterium, virus or animal) to another. It is much newer
than conventional biotech approaches and is subject to
numerous criticisms. For example, modern agricultural
biotechnology is more likely to help rich farmers than
poor ones, given the dominance of modern biotech by
the profit-motivated private sector; risks and benefits are
not always apparent or communicated to consumers; the
long-term implications are unknown; genes that were in
the public domain become the property of the private
sector; and GM crops may lead to a dangerous narrow-
ing of the genetic variability of major crops.

On the other hand, its application in many countries indi-
cates that GE has important potentials. For example,
Cuba has invested at least US$1 billion in this field over
the past 15 years, developing GM sugarcane, papaya,
potato, coffee, cabbage, and tomato.  Cuba has also
applied biotechnology to fish, with over 30 tons of trans-
genic tilapia produced in 1998 (Carr, 1999). Kenya and
South Africa have enthusiastically embraced GMOs,
developing their own applications to benefit the poor
(Wambugu, 1999). China has approved more than 100
genetically altered crops, twice as many as in the USA;
over 700,000 ha were planted in Bt cotton in 2000, re-
ducing pesticide use by 80%. Scientists in China are
enthusiastic about the new technology, and no public
debate is stirring up opposition such as that which has
brought the development of GM crops to a near stand-
still in India and Europe.  That resistance has already
affected China's exports of genetically altered tobacco
and soy sauce to Europe, a clash of cultures with eco-
nomic implications.
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What approach should be used when dealing with the
scientific uncertainties surrounding transgenic technolo-
gies that are being transferred to developing countries?
Peoples of many countries view heavy reliance on mod-
ern biotechnology and its products to solve global food
production problems as a threat to ecosystems, food
safety and food systems.  Modern biotechnology is seen
in many countries as a “slippery slope” fraught with po-
tential pitfalls.  Even the scientific community is engaged
in a significant level of controversy regarding the utility of
transgenic modification as a tactic to reduce poverty and
hunger in developing countries. Some scientists ques-
tion the very foundation of genetic engineering as a
useful tool (Commoner 2002).  Other scientists, particu-
larly those working with biodiversity, conservation of
natural resources, and food safety, are concerned about
the lack of proper controls and the speed of commer-
cialization of transgenic organisms before the full impli-
cations have been adequately considered (UCAUSA,
2001), while many more are strongly enthusiastic about
the potentials of GMOs.

The world community has not yet decided how and what
biotechnology should be implemented (Center for Food
Safety, 2002); and it is society that will ultimately make
those decisions, not the scientists unraveling the “mys-
teries of life” nor the multinational companies pursuing
profits through intellectual property rights and patents.
No single technology, seed or miracle plant will conquer
hunger and poverty because the causes of hunger and
poverty do not involve one or two simple factors and the
key bottlenecks tend to be social and political rather than
technological. The fact that poor farmers from develop-
ing countries lack the latest technology does not by itself
explain their low productivity. A complex mix of cultural,
social and economic forces that are biased against
these small farmers are also important drivers of lagging
productivity. Unless the problems of poverty and hunger
are attacked holistically, it is unlikely that much progress
will be made, regardless of the number of transgenic
“miracles” released.  Even with a global food surplus and
all of the advances in modern technology gained over
the past two decades, poverty and hunger remain (FAO,
2000).  Scientists still are unable to fully apply the
knowledge they possess to overcome these huge prob-
lems, but the experience of China, which has been
transformed from a country plagued by famine into one
with adequate food supplies and even significant agri-
cultural exports, is an indication of what can be accom-
plished if the agriculture sector is given sufficiently high
priority.

If they can be guided by the public interest instead of by
narrowly-interpreted intellectual property rights, patents,
and corporate profit, modern biotechnologies could be
powerful tools to increase the knowledge and under-
standing of how organisms can adapt to changing con-
ditions without damaging or destroying the resources
that sustain humans and other species. To ensure that

modern biotechnology will be of long-term benefit to both
farmers in developing countries and the ultimate con-
sumers wherever they may live, four basic elements are
required to accompany any transfer of such technology:
• A strong domestic scientific community that can help

select the most appropriate biotech applications and
avoid those for which the risks outweigh the bene-
fits, thereby applying the precautionary approach
called for in the CBD’s preamble.

• A better understanding by decision-makers of the
complexities of modern biotechnology, especially
from the combination of the new technologies with
systems such as traditional crop breeding, domestic
regulations and policies, international agreements,
and international research agendas.

• Policies that encourage both advanced research in
the laboratory and in field experimental stations,
supported by regulatory systems on the ground that
can ensure the safety of new technologies for both
human health and the environment (in essence, im-
plementing CBD’s Biosafety Protocol).

• A vigorous public debate that ensures that all points
of view are heard and considered in the quest to en-
sure that the public interest is served.

Who owns that technology?

Any discussion of technology transfer needs to consider
cultural barriers, such as the system of intellectual prop-
erty rights erected by modern industrial societies. A ma-
jor concern for many developing countries is the uncom-
pensated intellectual property rights transferred from
those who developed or identified valuable traits (often
local and indigenous peoples) to powerful commercial
interests. The CBD recognizes that access and transfer
of technology “shall be provided on terms which recog-
nize and are consistent with the adequate and effective
protection of intellectual property rights” (Article 16.2),
regarding appropriate legislative, administrative or policy
measures, including “with the aim that the private sector
facilitates access to, joint development and transfer of
technology… for the benefit of both governmental insti-
tutions and the private sector of developing countries”
(Article 16.4), and calls on the Parties to ensure that
intellectual property rights are supportive of the CBD and
do not run counter to its objectives (Article 16.5).

How does technology transfer relate to local cultures?
What responsibilities do donors have to ensure that the
technology they are providing is supportive of the cul-
tural integrity of the recipients? Who decides on what
are the preconditions for successful transfer of technol-
ogy, or of the benefits arising? Two examples may indi-
cate some ways to address these questions.

The Kani tribe in the southern Indian state of Kerala has
been awarded the intellectual property rights to the ac-
tive ingredient of the plant Trichopus zeylnicus, which



30

Norway/UN Conference on Technology Transfer and Capacity Building

produces a drug known as “Jeevani”, which helps to
combat stress and to provide an instant source of en-
ergy.  They have been using the drug for many genera-
tions, but new research has indicated that the plant
contains substances that stimulate the immune system.
The government hopes that the IPR agreement will help
end the “piracy” of tribal knowledge by both Indian and
foreign drug companies.  The drug was developed by
the government-owned Tropical Botanical Garden and
Research Institute, and then passed on to Arya Vaidhya
Pharmacy, a large manufacturer of Ayuravedic drugs, for
$50,000.  The Kani will receive half of the know-how fee
and a share of a 2% royalty on any future drug sales.
This money will go to the 2500 families of the Kani tribe
who will cultivate and supply the plants to AVP.

The San Community, sometimes also known as “Bush-
men”, are hunter-gatherers who live in the Kalahari De-
sert of southern Africa. They have recently reached an
agreement with the South African Council for Scientific
and Industrial Research (CSIR) to share any financial
benefits from a chemical produced by a local cactus that
they had long considered useful to stave off hunger and
thirst during hunting expeditions. It now is being devel-
oped as an anti-obesity drug, seeking to tap into a mar-
ket worth US$3 billion annually in the US alone. Prelimi-
nary studies indicate that the drug reduces calorific in-
take in obese men by 30%. This agreement is expected
to demonstrate how profit-sharing arrangements for tra-
ditional knowledge might be developed in the future.

The World Intellectual Property Organization (WIPO) is
establishing databases in which indigenous groups
would record their cultural knowledge, providing a tool to
patent examiners who could check the database to see
if a proposed new idea, such as a plant-based medicine,
is part of the traditional knowledge of that nation. But
some indigenous groups are concerned that the data-
bases could be used instead to exploit their cultural
heritage, especially the secret traditions that are associ-
ated with medicinal plants or substances. The key issue
remains control of the knowledge, and the indigenous
peoples are concerned about the power differential be-
tween themselves and WIPO.

Indigenous knowledge often gives spiritual power to
those who hold such knowledge, and the knowledge is
often a critically important part of the culture of the local
people. Documenting such knowledge and making it
widely available may not always be welcomed by the
indigenous or local people. It might be far more appro-
priate to create databases of expert practitioners and
their expertise, leaving it very much up to the individuals
concerned to decide how their knowledge can be used.

So while intellectual property rights remain a major con-
cern that many fear will give excessive power and con-
trol to commercial interests, experience in at least some
parts of the world is indicating productive ways of pro-

viding equitable benefits to local people and indigenous
cultures from the transfer of indigenous knowledge.

Conclusions

While cultures have great variability, they are all faced
with common challenges to their existence, leading to
surprising convergence of agricultural techniques, hunt-
ing and fishing devices, cooking implements, and so
forth. Modern technologies, such as motorized vehicles
or firearms, are also very widely distributed, though with
many local variations. And while the use of cell phones
and computers is now worldwide, the use to which these
manifestations of modern technology are put vary widely
from culture to culture. To address cultural challenges to
technology transfer, this paper offers the following con-
clusions:

A critical issue is to identify the conditions under which
people manage their resources in the context of tech-
nological change, and to change conditions that tend to
lead to destruction or over-exploitation of local re-
sources. This may require new technologies for conser-
vation and sustainable use.

While it seems ethically questionable to force any par-
ticular technology on any culture or society, it seems
equally unethical to restrict the flow of technology.
Rather, societies and cultures should be encouraged to
develop their capacity to determine which technologies
are most relevant to them, and how they might best be
able to use those technologies.

Technology transfer requires understanding of local
cultures and their needs, providing the basis for adapting
the new technologies. In most cases, the full participa-
tion of local people in the technology transfer is essential
to success.

Given the expense of regulating modern biotechnology
under the CBD’s Biosafety Protocol, cooperation under
the CBD could support groups of nations working to-
gether to pool expertise that can develop regionally ap-
propriate regulatory systems that will enable countries to
make their own assessments of risks and benefits, in-
cluding the risks of not adopting new technologies that
can enhance agriculture.

Indigenous peoples and other minority cultures should
be empowered to retain appropriate control over how
their traditional knowledge important for conservation
and sustainable use will be transferred to modern socie-
ties.

Technology transfer, including through exchange of
information (CBD Article 17), technical and scientific
cooperation (article 18), and handling of biotechnology
and distribution of its benefits (Article 19), are significant
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elements of the CBD. Ensuring that the full benefits of
technology are fairly transferred and appropriately com-
pensated will call for a major effort from the Parties of
the Convention.
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Key international obligations related to technology
transfer and international governance on access and
benefit sharing are provided through the CBD and from
the World Summit on Sustainable Development
(WSSD). For the CBD Articles 15, 16 and 19 are of par-
ticular importance, in addition to its Bonn guidelines on
ABS. It was shown how we are going towards more
shared responsibilities and examples of user measures
that are being developed.

In terms of technology, insights were given regarding
legal obligations of user countries, review of measures
taken to promote technology transfer in user countries,
constraints for negotiating equitable technology transfer,
intellectual property rights (IPR) and technology transfer
and possible user measures.

The need to demystify intellectual property was also
stressed, raising issues for example on IPR and innova-
tion, the public domain and IPR and technology transfer.

Issues related to international negotiations were also
drawn up, for example on technology transfer for con-
servation and sustainable use and development assis-
tance, linking access to genetic resources to access to
technologies, facilitated access to genetic resources in
return for technology transfer and questions of compati-
bility with the World Trade Organisation (WTO). Possible
elements in an international regime on access and
benefit sharing were also presented.

                                                       
2 Abstract from Chairman’s Report.

Information and Communication Services, The
University of the Western Cape, South Africa
dkeats@uwc.ac.za

Abstract
Several alliances that involve South-South and South-
South-North collaboration were used as the basis for
deriving some lessons that may help to inform technol-
ogy transfer and capacity building in relation to the CBD.
The alliances are analysed in terms of open source col-
laboration principles and a preliminary process model is
presented. The importance of an up-front communica-
tions plan is one of the more important lessons. A value
chain approach to technology transfer and capacity
building is suggested, and a preliminary model de-
scribed.

Introduction
This paper was prepared for the Norway / UN Confer-
ence on Technology Transfer and Capacity Building, a
Trondheim Conference on Biodiversity. It is an attempt
to draw upon experiences working within the divergent
areas of biodiversity and information and communica-
tions technologies. The contents should be treated as a
first effort that draws on experiences that are themselves
still works in progress.

In the developed world of North America and Europe,
there are many higher education and research institu-
tions with a complementary and balanced profile of skills
and expertise in most areas of human knowledge, in-
cluding biodiversity. Therefore, to undertake almost any
kind of research, teaching-and-learning, in the broad
area of biodiversity one does not have to look at a scale
much beyond that of the individual institution, even when
the undertaking is of a strongly multidisciplinary nature.
This is in contrast with the distribution of skills and ex-
pertise within higher education in Africa. With a relatively
small number of exceptions, higher education has been
so neglected in many countries that there are critical
shortages of skills and expertise within individual institu-
tions (Gauci 2001, Nwuke 2001). Therefore, when con-
ceptualizing new programmes at an institutional or even
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national level, one is often faced with the need to bring
in skills and expertise from outside Africa.

Aid agencies and other international bodies often focus
on forming relationships with individual countries, and
some donors with individual institutions. While there are
some notable exceptions, where one-to-many and
many-to-many relationships have been established, they
have typically involved one developing country institution
in partnership with many developed institutions. Genuine
South-South partnerships are still the exception, rather
than the rule in donor-funded projects and programmes
in Africa.

The widespread development of the Internet can change
this pattern, allowing developing countries in Africa and
elsewhere to form virtual partnerships and to use these
partnerships to create innovative and synergistic pro-
grammes of action that would not be possible otherwise.
Internet connectivity within Africa, and the existence of a
core group of more technologically advanced institu-
tions, allows strong virtual programmes to be based in
African higher education institutions. Unlike programmes
brought in from outside, such collaborative virtual pro-
grammes help to strengthen the participating institutions,
to create critical mass, to build institutional confidence,
and contribute to the development of higher education in
Africa. Collaboration with institutions in the North in such
alliances, particularly when partners in the North act as
resources, can be a valuable means to help strengthen
the overall capacity of the partnership.

Because of the scale of such partnerships and the diver-
sity of their participants, these partnerships can be re-
ferred to as alliances. The term alliance can mean dif-
ferent things to different people, but it is used there to
refer to an agreement among a diversity of people
across disciplines and local, national or international
boundaries to deliver a complex but integrated program
of action towards a common mission. Some examples of
alliance membership could include higher education
institutions in the South, higher education institutions in
the North, resource partners in both the South and the
North, business partners, one or more champions,
NGOs, and of course funders. Alliances are strength-
ened when a process model is used for their implemen-
tation, focusing on people, process, and tools.

At the University of the Western Cape we have been
involved in a number of such alliances (Table 1), and
these are used here to provide some insights into their
development and functions. It is hoped that the lessons
learned from these alliances can help inform technologi-
cal collaboration in the field of biodiversity, technology
transfer and capacity building in relation to the Conven-
tion on Biological Diversity (CBD).

Table 1. Examples of alliances and related projects, and
a brief description of each.

Alliance Brief description and website
SeaweedAfrica Biodiversity information data-

base for the economically use-
ful seaweeds of Africa
http://www.seaweedafrica.org

NetTel@Africa Virtual masters in ICT policy
and regulation
http://www.nettelafrica.org &
http://elearn.nettelafrica.org

International Ocean
Institute Virtual Uni-
versity

Virtual masters in Ocean Pol-
icy, Coastal Management and
Law of the Sea
http://www.ioinst.org &
http://www.ioivu.org

Quality and Equity in
Higher Education
through the Innova-
tive Application of
ICTs
(HICTE)

5 Western Cape institutions
with two masters programmes
and a research programme
http://www.hicte.uwc.ac.za/

AfricaDotEdu Book publishing project pro-
ducing a book on the use of the
Internet in higher education in
Africa.
http://www.africadotedu.org

SEAWaste Southeast African Waste Man-
agement programme, a people-
people network of practitioners
in waste management
http://seawaste.uwc.ac.za

KEWL Open source software devel-
opment of an e-learning system
(learning management system)
http://kewlforge.uwc.ac.za

WebManager.UWC Small open source software
development project building a
content management and col-
laboration system for managing
alliances and university web
content
http://webmanforge.uwc.ac.za/

African Virtual Open
Initiatives and Re-
sources
(AVOIR)

Very large project to develop
open source software and open
content learning resources
based in Africa. In the early
stages of development.
http://www.uwc.ac.za/ics/avoir/

The alliances
The theme of this conference was Technology Transfer
and Capacity Building, and for the session within which
this paper was presented it was “Who are the actors and
who should define the needs?” Therefore, this section
provides a brief description of each alliance or project
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and gives some insights gained in relation to the confer-
ence and session themes, particularly how the needs or
opportunities were defined and who the actors are in the
alliance.

SeaweedAfrica
SeaweedAfrica is an online project to expand AlgaeBase
(http://www.algaebase.org), a biodiversity database of
seaweed information based at the National University of
Ireland in Galway, to include ecological, commercial and
technology data from the whole of Africa. It is a three
year project funded by European Union under the INCO-
DEV section of the Fifth Framework Programme. The
project brings together marine scientists from nine
countries spread throughout Europe, Africa and South
America, most of whom are biologists with a strong fo-
cus on biodiversity (Table 2).

In Africa, SeaweedAfrica scientists are based in Kenya,
Tanzania, Mozambique, South Africa, and Namibia.
Over the three year life of the project, ecological, com-
mercial and technological information on seaweeds and
their uses internationally will be researched and added
to algaeBASE and made available via the internet both
through the main algaeBASE site and through the Sea-
weedAfrica site.

This project is operating within the field of biodiversity
informatics, a relatively new discipline that brings ad-
vanced computational techniques to biodiversity data.
Biodiversity informatics can be thought of as operating at
a number of levels, at the highest of which is data min-
ing, applying techniques similar to those used in bioin-
formatics to discover genes. Because the higher-level
techniques require substantial amounts of data, Sea-
weedAfrica is concentrating its efforts at the lower levels
of data entry, search, display, with some attention to
simple data analysis and the incorporation of spatial
information. In this context, a website is the user inter-
face to data, tools, and techniques that make up the
project (Fig. 2).

This project emerged through conversations and net-
working that took place at conferences over a period of
approximately 2-3 years. These conversations were
followed up by email. Prof Michael Guiry from NUI Gal-
way acted as the champion, operating from his existing
algaeBASE project as the starting point. Because of the
activities of the champion, it was possible to obtain
funding opportunity through the European Union’s Fifth
Framework programme. The project was made possible
in the way it has worked because of the involvement of a
committed technology leader in the South, where the
International Ocean Institute operational centre for
Southern Africa at the University of the Western Cape
had already built a team of biologist-programmers with
the skills to develop and deliver online database appli-
cations. AlgaeBASE itself is being re-developed using

the code developed for SeaweedAfrica, an example of
South-North technology transfer.

Table 2. Partners in the SeaweedAfrica alliance.

Function Partners
Project leadership,
management, data
quality and man-
agement

algaeBASE Centre at the Mar-
tin Ryan Marine Science Insti-
tute, National University of Ire-
land, Galway, Ireland

Software develop-
ment, data parsing,
hosting,

International Ocean Institute –
Southern Africa at the Univer-
sity of the Western Cape, Cape
Town, South Africa
Department of Botany, Univer-
sity of Cape Town in co-
operation with Marine and
Coastal Management (M&CM),
South Africa
University of Namibia, Wind-
hoek, Namibia
International Ocean Institute –
East Africa, at Kenya Marine &
Fisheries Research Institute,
Mombasa, Kenya
International Ocean Institute –
Southern Africa at the Univer-
sity of the Western Cape, Cape
Town, South Africa
Department of Biological Sci-
ences, University Eduardo
Mondlane, Maputo
Moçambique (contract)
Research Environment for Ap-
plied Tropical Marine Botany at
the University of Stockholm,
Sweden
CIMAR - Centro Interdisciplinar
de Investigação Marinha e Am-
biental, University of Porto,
Portugal

Data gathering and
data entry

Inst. De Biociências, University
of São Paulo, São Paulo, Basil
(contract)

Funding European Union under the
INCO-DEV section of the Fifth
Framework programme (FP5)
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Figure 1. Levels of biodiversity informatics, the activities
at each level and an indication of where in this hiearchy
SeaweedAfrica is operating during the current project.

Figure 2. Technology structure of SeaweedAfrica.

NetTel@Africa
NetTel@Africa is a collaborative Masters programme in
ICT policy and regulation developed for the Telecommu-
nicatoins Regulatory Association of Southern Africa
(TRASA) by a collaborative effort of seven African and
three American universities together with other partners
from the ITU, FCC, and CTO among others (Table 3).
The NetTel@Africa masters programme consists of 10
course modules and a thesis or equivalent. A post-
graduate diploma will be possible after one year of full
time or equivalent study, and a Masters degree after two
years. Most of the courses will be offered via distance
learning over the Internet, with supplementary materials
on CD-ROM and content mirrors and some face-to-face
modules.

The seven universities in Southern Africa that are devel-
oping content modules and will offer the programme are
(Table 3): the University of Botswana, The University of
Zambia, the University of Dar Es Salaam (Tanzania), the
University of the Witswatersrand (South Africa), the Uni-
versity of South Africa, the Unviersity of Fort Hare
(South Africa) and the University of the Western Cape
(South Africa). In addition to the universities, the African
Advanced Level Telecommunications Institute
(AFRALTI) based in Nairobi, Kenya is also developing a
module and offering the programme. Other partners are
listed in Table 3.

NetTel@Africa has adopted an open source learning
management system (LMS) called Knowledge Environ-
ment for Web-based Learning (KEWL, see later)  that
was developed at the University of the Western Cape
(Keats, 2003a). This allows the LMS to be easily
adapted to the requirements of this programme, and
provides an opportunity to create tools that help in low
bandwidth situations. Two trainers from the University of
the Western Cape travelled to participating sites to teach
course developers how to create online courses using
KEWL. The plan was to access the NetTel@Africa e-
learning server hosted at UWC so that course develop-
ers would be using the same site as students in the pro-
gramme are expected to use. During this exercise, a
number of staff of the Teaching and Learning Technolo-
gies Unit would also be available to provide remote sup-
port, engage in online discussion, and demonstrate fea-
tures that would be used during the NetTel@Africa
courses. However, bandwidth limitations in most of the
sites within Africa meant that a temporary local server
had to be set up at each site to facilitate the training.

In addition, a pilot of the programme was run at the Uni-
versity of Botswana during from May 26 – June 6, 2003,
leading up to the full programme offering during the
2004 academic year. The purpose of the pilot was to
validate the programme, test the learning approach and
materials, and work out the final details of the offering of
the programme. Seventeen countries were represented
at the pilot, including Angola, Botswana, Ethiopia,
Kenya, Lesotho, Malawi, Mauritius, Mozambique, Nige-
ria, Rwanda, Seychelles, South Africa, Swaziland, Tan-
zania, the USA, Uganda, and Zambia.

In terms of the theme of the session in the conference, it
has been noted that a SADC regional body (TRASA)
defined the need based on the expansion of regulatory
bodies in the region, and the change of focus of existing
ones. TRASA also identified the potential funder
(USAID), and participated in all aspects  of planning.
TRASA enlisted an organization and individual to act as
champion, Dr Maria Beebe of the Centre to Bridge the
Digital Divide at Washington State University. As with
SeaweedAfrica, the involvement of a committed tech-
nology leader in the South played an important role.
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Table 3. Partners in the NetTel@Africa alliance.

Partner
category

Members

Founding
partner and
main cus-
tomer

Telecommunications Regulatory Asso-
ciation of Southern Africa (TRASA)

Regulatory bodies
and associations

Federal Commu-
nications Com-
mission (FCC);
International
Telecommunica-
tions Union (ITU);
Commonwealth
Telecommunica-
tions Organiza-
tion (CTO); Na-
tional Association
of Regulatory
Commissioners
(NARUC) 

US Universities University of
Colorado at
Boulder; Univer-
sity of Florida;
University of
Maryland;
Washington
State University

Resource
partners

US Telecommuni-
cations Training
institutes

US Telecommu-
nications Training
Institute (USTTI)

Funding
partners

Leland Initiative and the Regional Centre
for Southern Africa of the United States
Agency for International Development
(USAID)

Programme
institutions

University of Dar es Salaam; University
of Zambia; University of Botswana; Uni-
versity of Fort Hare; University of the
Witswatersrand; University of South Af-
rica; University of the Western Cape;
African Advanced Level Telecommuni-
cations Institute (AFRALTI)

International Ocean Institute Virtual University
The IOI Virtual University (IOIVU ) is not restricted to
Africa, but is rather is focusing on the management of
one essential part of our environment: the ocean as a
whole, including its coasts. The aim is to create a cadre
of professionals able to implement ocean governance,
resources development and management, in harmony
with existing international law and agreements. This
constitutes an effort to help implement these agree-
ments. It requires a global partnership which can cater
for differences in culture, policy and development. Im-
plementation can however be achieved  on local and

regional scales. The IOIVU is taking up the challenge of
an intersectoral, interdisciplinary education on basis of
requirements identified over two decades of training
through individual courses, not leading to a degree.

The IOIVU involves the collaboration of around 24 op-
erational centres of the IOI, an international NGO that
operates in 24 countries. It is planned that the IOIVU be
registered as a legal entity as a university in the Nether-
lands (where IOI is registered). It is developing a virtual
masters degree in Ocean Management and Law of the
Sea, and like NetTel@Africa, it plans to use a combina-
tion of online courses and internships together with a
mini-thesis.

Table 4. Participants in the core group of IOI operational
centres initiating the IOIVU.

Function Operational Centre
Rector’s office and
coordination

IOI-Australia, Townsville, Aus-
tralia

Technical develop-
ment, hosting of
online component,
development of
model courses, net-
work training

IOI-Southern Africa in collabo-
ration with Information and
Communication Services at the
University of the Western
Cape, Cape Town, South Africa

IOI – Australia
IOI – Brazil
IOI – Canada

IOI – Caspian Sea
IOI – China
IOI – Costa Rica

IOI – Germany
IOI – India
IOI – Pacific Islands

IOI – Southern Africa

Course development
and delivery

IOI – Ukraine

The IOIVU development team met in Cape Town in De-
cember 2002, and confirmed that it will credential and
award its own degrees. The final approval and budget
for the formal establishment of the IOIVU was only given
at the IOI Executive Committee meeting in Malta in June
2003, so the formal operation has not yet begun. How-
ever, the technical committee has been working on im-
plementation since 2002 and some of the course content
and activities have already been prepared for the online
components. Like NetTel@Africa, the IOIVU also made
use of the open source learning management system,
KEWL, for the same reasons.

The organizational model presented by the IOIVU case
can be termed a virtual entity model, since the essence
of it is the formation of a legal entity that replaces many
of the functions of the individual member partners, in-
cluding the awarding of degree credentials. A key ele-
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ment is that there is an existing global network of re-
gional and local operational centres of a global NGO that
are based mainly within universities around the world.
When it is fully implemented, students graduate with a
masters degree in Ocean Affairs and Law of the Sea
from the IOIVU.

The IOIVU will begin with the activities of a core group of
IOI operational centres, and will then be expanded to
include all operational centres worldwide. Table 4 (pre-
vious page) lists the core group of centres, but this is not
fully finalized yet, so is subject to change.

To address the session theme, it is important to under-
stand that the International Ocean Institute is a global
NGO with headquarters in Malta. It has 24 centres
around the world, most in the South or economies in
transition. The IOIVU was conceptualized by IOI Foun-
der Elisabeth Mann Borgese and IOI Executive Director
Gunnar Kullenberg, and was first proposed at the
Pacem in Maribus conference in Fiji in 2000. It is based
on 30 years experience of the IOI centres, which identi-
fied local needs and recognized the niche available to
the IOIVU. Most work directed towards UN conventions
that relate to the Ocean, so the target audience is those
locally implementing conventions and government pol-
icy. It has a strong alignment with the CBD, something
that is under exploration by the rector of the IOIVU, Prof
Robin South of IOI-Australia.

Quality and Equity in Higher Education through the
Innovative Application of ICTs (HICTE)
The project aims to enhance the quality of the academic
project of the universities and technikons in the Cape
Town area (Table 5) in the information age, and to en-
sure that we harness the new technologies towards re-
dressing, and not entrenching, existing inequities in our
society. The core activities focus on the interplay be-
tween the three key domains of teaching and learning,
information management and higher education policy
management.  Research projects are undertaken, as
well as new, interdisciplinary and inter-institutional post-
graduate modules in the fields of management that will
additionally serve as high-profile testing environments
for the application of teaching and learning technologies.

The project is supported firstly by ICT developers with
an initial mandate to create collaboration and teaching &
learning tools, and secondly by equity advancement
instruments in the form of staff development grants, bur-
saries and internships. Generic activities include dis-
semination and conventional project management,
linked to ongoing evaluation.  To continuously inform the
project as a whole, evaluation is undertaken within the
full project cycle in order to create feedback and correc-
tion mechanisms during the life of the project, and to
analyze the final project outcomes and the impact of the
project upon institutional equity at its conclusion.

HICTE seeks to gain a better understanding of the role
of ICTs in the teaching and learning practices of our
institutions and in the economic world that surrounds
them, and to enable higher education managers and
policy-makers strategically to respond to the imperatives
of the information society.  It is investigating the possible
differential impact of ICTs upon groups who are already
systematically underrepresented in our areas of opera-
tion, and to transform our higher educational institutional
fabric in order to enable their advancement.  HICTE
hopes to connect more firmly to a global community of
teachers and researchers engaging with such issues,
and to build innovative and distinctive resources for oth-
ers to gain from.

This project was established within the frame work of
five educational institutions in close proximity with one
another and a funding opportunity designed to get insti-
tutions collaborating within a local area. The pro-
grammes were initiated by the academics in the institu-
tions based on their own perception of the needs and
opportunities.

Table 5. Participants in the HICTE project and their pri-
mary roles.

Partner Primary role
The University of the
Western Cape

Project leader, ICT develop-
ment and hosting, masters
programmes, research

The University of
Cape Town

Research

The Cape Technikon Masters programmes, Re-
search

The Peninsula
Technikon

ICT development

The University of
Stellenbosch

Ongoing clarificatory, formative
and summative evaluation

The Carnegie Cor-
poration of New York

Project funding over three
years

AfricaDotEdu
AfricaDotEdu is a small book publishing project produc-
ing a book on the use of the Internet in higher education
in Africa. The book chapters were developed and shared
via the project website, which was running WebMan-
ager.UWC (see above). It was conceived by practitio-
ners in the area of educational use of the Internet in Af-
rica. Although it is a small project, it contributed to the
lessons learned that are reported here.

SEAWaste
The SEAWASTE Network enables members to receive
a newsletter, either in electronic or print format, contain-
ing contributions from waste management groups and
experts in the region. Members also have access to
more interactive features at the SEAWASTE website,
including topic-specific discussion forums and work-
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spaces for document sharing purposes. The interactive
website was developed by adapting the KEWL open
source learning management system for use with
workgroups, based on experience with the International
Marine Biology Initiative (IMBI). IMBI was a project that
was not implemented because the people driving it
changed positions and were unable to continue working
on it, but it did develop collaboration tools that served as
the basis for SEAWASTE.

Relevant to the session theme, the SEAWASTE Net-
work was conceived in 1998 and 2001, when  waste
management experts across Africa met in Cape Town to
discuss ways of improving collaboration on water pollu-
tion issues in the region. It was implemented by technol-
ogy leader in the South, also based in IOI–Southern
Africa

KEWL and WebManager
KEWL (Knowledge Environment for Web-based Learn-
ing) and Webmanager.UWC are relatively small open
source projects based at the University of the Western
Cape. KEWL is a full-featured e-learning or learning
management system (Keats 2003a). WebManager is a
small project to develop a content management and
collaboration system that is suitable for managing alli-
ances and for mapping institutional processes onto a
website and providing for owner-managed content.

Both projects are developed mainly by a team of devel-
opers who are housed in the same building, although
there is some participation by developers in other parts
of the world. They are not really alliances, but the need
to manage them effectively has taught us much about
open source software collaboration that has greatly en-
hanced the effective management of the other alliances
in which we are involved (e.g. Keats 2003b). The needs
for both projects were identified within the context of
institutional research and development, and solving
problems of considerable international interest.

African Virtual Open Initiatives and Resources
(AVOIR)

The African Virtual Open Initiatives and Resources
(AVOIR) project was developed as a result of contacts
made and discussions held during the Conference on
Effective Use of ICT to Create a New Environment for
Learning and Teaching at the UN International Confer-
ence Centre, Addis Ababa, Ethiopia, 29 July - 1 August,
2002.  The idea behind AVOIR is to create a network of
open source developers in higher education institutions
in Africa, as well as a network of developers of learning
content, who are creating content according to open
content licensing arrangements. The project is still in the
very early stages of development, but so far response
from around 40 African universities has been very posi-
tive and supportive in response to the preparation of the
AVOIR concept paper.

Table 6. Core partners in the AVOIR alliance

Partner Function
University of the
Western Cape,
Information and
Communication
Services (ICS) and
Computer Science
(CS)
South Africa

Co-ordinate the project using
UWC as a base
Project plan execution
Communication planning and
Information distribution
Contract administration
Active in planning
Provide and supervise devel-
opers
Supervise researchers
Provide and supervise stu-
dents

University of Dar es
Salaam, Computer
Centre and Com-
puter Science De-
partment
Tanzania

Team Development (group
skills to enhance project per-
formance eg. PHP skills)
Scope verification and change
control
Active in planning
Provide and supervise devel-
opers
Supervise researchers
Provide and supervise stu-
dents

University of Jos
Nigeria

Define and sequence project
activities in time-lines
Active in planning
Provide and supervise devel-
opers
Supervise researchers
Provide and supervise stu-
dents

Jomo Kenyatta Uni-
versity of Agriculture
and Technology,
Nairobi
Kenya

Create formal Quality Plan
Provide and supervise devel-
opers
Provide and supervise stu-
dents

Makerere University,
Directorate for ICT
Support
Kampala
Uganda

Testing and test plan man-
agement
Provide and supervise devel-
opers
Supervise researchers
Provide and supervise stu-
dents

IT Department
Peninsula Tech-
nikon,
South Africa

Configuration management
Coordination of interaction
Provide and supervise devel-
opers
Supervise researchers
Provide and supervise stu-
dents

Center for Humane
Arts, Letters and
Social Sciences On-
line, Michigan State
University
USA

Coordinate digital library com-
ponent
Advise and assist with conver-
sion and modularization
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The first phase is the development of a concept paper
as well as the creation of a small pilot network with de-
velopers at the University of Dar es Salaam who will
work initially on the learning management system,
KEWL. They are making use of KEWL as the basis for
establishing the interaction around an open source pro-
ject, and for developing procedures for operation as a
network across national boundaries as well as the Great
Bandwidth Divide.

Although it is in its early stages, it already is a significant
alliance (Table 6), this will be a very large undertaking
when it is fully implemented as there is already world-
wide interest in participatoin. Taken in combination with
the smaller open source projects, this project already
has some important lessons to offer in the context of this
paper.

In the context of the conference theme, the need was
identified again through international networking at con-
ferences as well as through email correspondence sub-
sequent to the conferences. As with many of the other
projects, the involvement of a committed technology
leader and champion in the South has played an impor-
tant role in the development of AVOIR.

Lessons learned

The lessons learned from involvement in these projects
may help in terms of international collaboration for tech-
nology transfer and capacity building. Many of the prin-
ciples derived can be applied to any kind of technology
collaboration, irrespective of the precise nature of that
collaboration. This section is completed with a discus-
sion of how to integrate these principles into an end-to-
end solution based on the value chain of technology
implementation.

Learning from the open source approach
The idea of open source is a software engineering con-
cept in which the source code for a software programme
is kept open, and the software is freely distributable,
distributed along with its source code and in which any-
one is free to modify the source code and change the
program, as long as the resulting program is also freely
distributable and modifiable (Drummond, 2000). How-
ever, more than a software engineering concept, Open
Source is a philosophy as well as a way of engaging in
large scale collaborations (Sandred 2001, Williams
2002; Fig. 3). As a philosophy and a means of collabo-
ration, open source principles can be applied as much
content as to software (Keats & Shuttleworth, 2003).

Stalder and Hirsch call the application of the collabora-
tive principles developed by the open source software
movement to the gathering and analysis of information
open source intelligence (Stalder & Hirsch 2002), a term
that unfortunately is already in use for Intelligence (in the

military sense) gathered from freely available sources
such as the Internet. There is no reason to confuse the
literature with a term that has such divergent meanings,
so here the concept is referred to as open source princi-
ples. These open source principles are discussed here
in relation to their implications for alliances.

The organizational structure of Open Source projects
tends to be flat (Table 7), and while there may be a per-
son with overall responsibility for the project, that person
rarely has direct management of any of the key partici-
pants in the project (Sandred 2001). Part of the flat
structure of Open Source projects is due to the fact that
the participants operate as voluntary actors in a network
of peers. Members of this network behave as equal
partners, with status to some extent depending on a
person’s known or perceived experience and expertise
pertaining to the tasks of the project. Stalder & Hirsch
(2002) noted that the power of the leader within the net-
work is awarded by members of the group based on
their ability to convince others to follow and contribute.
From experiences, we know this to be true even when
there is a person who has quasi legal leadership re-
sponsibility (e.g the official project manager). Project
leaders may at times achieve results by virtue of the
power of coercion, but often they achieve results through
simply allowing people to have their input.

Figure 3. Open source as a license arrangement, a phi-
losophy, a methodology for development, and the soft-
ware itself.

A flat structure does not imply absence of leadership
and responsibility. However, leaders in Open Source
projects are able to provide leadership mainly because
they have earned the respect of the team members
(Sandred 2001). Any attempt to exercise power or status
that arises outside the network can lead to a breakdown
of the network, and the departure of those participants
who are not paid members of the project team and a
consequent reduction in open source momentum. The
threat of forking (taking the code and going off on a
separate branch) is an ever present threat that helps
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keep the leader in line, as no leader would want to al-
ienate the team to the point where a fork happens (Stal-
der & Hirsch 2002).

One of the roles of the leader in an open source project
is as the gate keeper, a concept made known through
the development of Linux by Linus Torvalds. Central to
the Linux operating system is the bit of code known as
the kernel . For some time, Torvalds himself acted as
gatekeeper on the Linux kernel. In recent years, pro-
grammer Alan Cox, has acted performed a substantial
part of this role by checking and incorporating bug fixes
from developers around the world from his home in
Wales (Boutin 2001). As gate keeper, Torvalds and Cox
ensure the integrity of the code that goes into the Linux
kernel, and are thus a key to quality control in the Open
Source development process. In our own Open Source
project, KEWL, Hilton Fleming has recently begun to act
as gate keeper, making sure that only functional code is
included in the release of KEWL.

Table 7. Aspects and characteristic features of open
source software development (based on Sandred 2001,
Raymond 2000, personal experience).

Aspect Feature
Organizational
structure

flat, network, equal partners

Decision making Consensus based
Development prac-
tices

Distributed, collaborative

Communication Crucial, open, asynchronous
and synchronous, expectation
management

Project manage-
ment

Distributed, supported by
technology

Getting new con-
tributors

Release of the first version

Importance of users Users as co-developers

All the alliances and projects discussed here, and most
international collaborative projects, meet these organi-
zational characteristics. There is nobody within any or-
ganization who has a clear directive role because there
is no employee-manager relationship between any or-
ganization and any of the other participants. While there
are clear project leaders in all of the projects, and this is
spelled out in the project agreement for most, there is no
direct connection between the project leader and the
most of the participants. Leadership is effective because
of trust and respect in the leader, not because of any
hierarchical arrangement or formal legal requirement.
Participation in this network is more-or-less on an equal
footing, with all collaborators treated in a trusted manner
with complementary skills and expertise.

In Open Source projects, decision making is typically by
means of consensus (Sandred 2001). The weight of

impact by particular participants in a decision may vary
with knowledge of their expertise and respect for their
abilities. Thus, the project leader and other natural lead-
ers may carry more weight in consensus building than
other participants because of this reason.

In the all of these projects, decision-making has been
generally based on consensus, with consensus either
being achieved during physical meetings, via email, or
via web-based discussions. One of the problems with
email as a means of communication is that participants
often become involved in multiple, 2-way email instead
of common, shared discussions. Stalder & Hirsch (2002)
noted that at the best of times, even email lists are lim-
ited in usefulness when it comes to collaborative knowl-
edge creation.

Because they often involve the collaboration of people in
many locations and time zones, Open Source projects
depend on open communication among all the role play-
ers. Although communication can be synchronous, in-
cluding face-to-face meetings and various forms of chat,
probably the most important communication in Open
Source projects is asynchronous. While plain email can
serve this purpose, the best forms of communication for
this purpose are organized online discussions and list
servers.

Communication is also important in terms of the man-
agement of expectations. Failure to communicate regu-
larly can lead to unrealistic expectations and a break-
down of trust. As noted by Schnase (2000) of large-
scale, collaborative biodiversity projects:

The major task in building robust databases in biodiver-
sity is facilitating interdisciplinary communication – and
this communication cannot just be a desired outcome, it
must be designed in to the data collection and repre-
sentation work from the outset. Both the biodiversity and
computer and information sciences domains have much
to gain by paying attention to collaborative systems re-
search in this area – Schnase (2000: 4)

One of the important results of open communication is
the building of trust. According to Covey (1992), trust is
the foundation for long term success in any endeavour.
An open source network is dependent on the capacity of
its members to trust in the abilities and integrity one an-
other (Hissam et al. 2002). In the absence of trust, an
open source project will disintegrate, particularly when it
involves voluntary and easily  mobile participants (San-
dred 2001).

There are four models that can be used to describe how
communication can happen within any project or alliance
(Fig. 4). Communication may be hierarchically struc-
tured, with communication emanating from the project
leader, and returning though closed channels to the
project leader (Fig. 4a). This model is generally inappro-
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priate to voluntary associations where there are no
command and control mechanisms, although it is often
the model that people subconsciously use when no
other model is explicitly provided. This can be termed a
military model, as its use with voluntary associations
often produces a war of words and gives rise to the un-
structured gossip model of Fig 4c.

Another model that is often used is one in which com-
munication is via a project leader or coordinator, even
though no hierarchy is implied. This happens, for exam-
ple, when individual subproject teams communicate with
a coordinator, but not with one another. The coordinator
sometimes acts as a broker of communication among
the subprojects.  The sole use of this communication
model often leads to the formation of silos within the
project, and people making excuses or blaming one an-
other for some perceived or real problem. It is not a
healthy model for communication in voluntary associa-
tions, and can also give rise to the unstructured gossip
model of Fig. 4c.

The worst possible model for communication in volun-
tary associations is the unstructured gossip model (Fig.
4c), even though it may well be one of the most common
models unconsciously adopted in collaborative projects
if no other is specified. In this model, there are multiple
pair-wise and small group communications among the
members, with no single entity being aware of all the
conversations. Like the structured gossip model, this
model used alone can be very destructive as it tends to
create small, confused “projectlets”. It can also lead to
people making excuses or blaming one another for
some perceived or real problem, and the formation of
cliques that are based on silos of mistrust.

Figure 4. Communication models.
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The fourth model is one of open, technology-mediated
communication in which all participants are able to be
aware of all the conversations that happen (Fig. 4d).
This model generally only operates if most participants
have experience with it, or it is explicitly stated in the
early stages of the formation of an alliance and kept
firmly on the agenda for the life of the alliance.  Typi-
cally, such a communication model requires an interac-
tive website, or integrated web-email discussion tool. We
developed such a tool for SeaweedAfrica and, together
with face to face discussions of the need for this kind of
communication, it significantly improved the cohesion
and quality of the project and improved the effectiveness
of deliverables. This structured open model can allow for
the formation of meaningful workgroups, helps ensure
that a systems approach is taken towards the project,
helps build trust, and delivery of the planned outcomes.

This view of the importance of communication is sup-
ported by the literature on virtual teams and virtual orga-
nizations. Virtual organizations (teams) have been char-
acterized by Crowston & Scozzi (2002) as having:

• a common interest or goal shared by its mem-
bers,

• geographically dispersed membership, and
• the use of ICT to communicate and manage in-

terdependent processes
Clearly, the kinds of alliances being discussed in this
paper are virtual organizations in this sense. It is well
known that effective electronic communication underpins
success in virtual teams (Crowston & Scozzi, 2002).

Therefore, processes must be put in place within the
alliances early in their formation to ensure effective
communication as the alliance moves through the pro-
ject implementation cycle (Fig. 5). Participants in the
alliance form a network, so they must make extensive
use of the Internet as a unifying tool to ensure consis-
tency and commonality of purpose according to an ef-
fective communication model. It is only an effective
communication model that is well known to all partici-
pants that enables the project to move beyond the
stages of chaos and constructive tension. Without effec-
tive communication, the constructive tension can quickly
degenerate in to destructive tension. A  face-to-face
meeting is usually necessary at that stage, unless the
participants are seasoned online communicators. This
may seem obvious, but it is missed in a large number of
projects and represents a real danger to alliances that
may be used for technology transfer and capacity build-
ing in relation to the CBD.

Other lessons from these alliances
Aside from the importance of communication, these alli-
ances have a number of features that lead to other les-
sons that may benefit alliances involved in technology
transfer and capacity building in relation to the CBD (Fig.
6). These alliances involve three major kinds of partners.
A key driver in all of them, as well as three CBD-relevant
technology transfer projects that were initiated by IOI-
Southern Africa, is the initiation by a committed technol-
ogy leader in the south. This characteristic was also
evident in some of the other examples presented at the
conference.

Figure 5. Project life
cycle, showing the
stages in establishing
clarity where introduc-
ing a communication
plan is crucial.
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The second kind of partner involves committed institu-
tions with champions in the South. Most of the alliances
also involve other committed institutions, importantly
with people who are prepared to act as champions. The
best example of this is NetTel@Africa, where key people
in most of the participating African institutions act as
champions within their country or region.

The third kind of partnership involves South-sensitive
knowledge and funding partners in the North. Net-
Tel@Africa and SeaweedAfrica both provide good ex-
amples of this kind of partner. Both projects are funded
by large donor agencies who are sensitive to the needs
and challenges of the South, and both involve partners
with knowledge resources in the North. These partners,
because they are sensitive to the needs and challenges,
do not overwhelm the capacity in the South.

Aside from these aspects of the alliances, and a well
known phenomenon, is that they are all dependent on
the activities of a champion (Fig. 6). Indeed, another
project that we were involved in was abandoned be-
cause there was no champion, despite being a very
good idea.

Despite all the ideas presented here, not all of these
projects have gone completely smoothly, and in at least
one case the contribution of a partner had to be scaled
down due to non-delivery against deliverables. It is im-
portant to have a mechanism to deal with non-productive
participants, and one idea from business is to effect
service level agreements (SLAs in Fig 6) that help to
manage the expectations among all the participants,
including the coordinating body.

Evaluation is often seen as a nuisance in a project,
something that is done at the end of the project, and
something that is in the hands or the project leaders.
However, the HICTE project has shown us the value of
incorporating evaluation through the life cycle of the
project (Fig. 7), having all participants take place in the
evaluation cycle, and taking advantage of the clarifica-
tory, formative and summative aspects of evaluation (Fig
7). This helps with the operational efficiency, ensures
accountability, contributes to cyclical planning, and can
play a major role in moving beyond the phases of chaos
and constructive tension (Fig. 5).

Figure 3.  A summary model for the lessons that are emerging from the alliances described here. See text for expla-
nation.
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Figure 7. Project evaluation within the life cycle, show-
ing its clarificatory, formative and summative phases.

An important aspect of alliances is that they are founded
on the basis of trust (Fig. 6). Trust is both an output of
the communication process and an input to the overall
success of the alliance. The importance of trust cannot
be underscored, and in building an alliance for the pur-
poses of technology transfer and capacity building it will
be essential to identify trust as a key ingredient of suc-
cess and to build explicit mechanisms that lead to the
creation of trust among the participants in the alliance.

A successful alliance has at its core, people, processes
and tools (Fig. 6). People have attitudes, skills and
knowledge that can be changed or reinforced in the
context of the alliance. In any alliance, it will be  neces-
sary to create mechanisms to deal with any needs for
skills or knowledge building, as well as changing atti-
tudes if necessary. Processes and tools vary enor-
mously from alliance to alliance, and are beyond the
scope of this paper. However, it would be a useful exer-
cise to try to develop guidelines for processes and tools
that will be able to facilitate the work of alliances aimed
at technology transfer and capacity building.

Technology transfer and capacity building projects
in IOI – Southern Africa
The theme of the session in which this paper was pre-
sented was “Who are the actors and who should define
the needs?” IOI – Southern Africa has been involved in a
number of programmes that could be considered tech-

nology transfer and capacity building. A brief description
of each of them has bearing on the central idea of this
paper, as well as on the session theme. Both projects
are aimed at using biological diversity to bring economic
benefits to economically depressed coastal communi-
ties, so they represent only one aspect of technology
transfer and capacity building (Fig. 8).

The first of these is an attempt to create economic op-
portunities within an economically depressed coastal
community using seaweed resources, with a primary
approach based on mariculture. The actors in this pro-
ject were the coastal community, the staff and students
of IOI – Southern Africa and the Department of Botany
(now Department of Biodiversity and Conservation Biol-
ogy), several funding bodies, the Chief Directorate of
Marine and Coastal Management of South Africa, and
politicians participating in an emerging political process
following democratic elections.

The need, or preferably the opportunity, was identified
when two masters students and one postdoctoral fellow
undertook an in-depth sustainable livelihoods study of
the St Helena Bay area, focusing on the community of
Laingville. Seaweed mariculture was identified as having
potential because of the environmental conditions in the
Bay and the fact that IOI-SA and staff of Marine and
Coastal Management  had previously been involved in
seaweed mariculture research.

A research project was undertaken by two graduate stu-
dents, one to determine the biological feasibility of
mariculture, and the other to determine the economic
and social feasibility. Following considerable canvassing
through community groups and other NGOs working in
the area, a short training workshop on seaweed mari-
culture was held in the community and attended by
around 20 people. Of these, a core group of interested
and committed people was identified, and they eventu-
ally formed a company called Maribus Industries in order
to start the seaweed farming business. A subsequent
course was also arranged, and this one included a
strong business focus, including skills for financial man-
agement and acquisition of finances.

IOI – SA worked with Maribus Industries, but obtaining a
permit to use the water space for mariculture against the
backdrop of the political quagmire proved impossible,
and took over three years of frustration. Maribus Indus-
tries also applied for a seaweed concession to harvest
drift seaweeds when the concession came up for re-
newal, and this today forms the basis of Maribus Indus-
tries business. Because of the delays in acquiring per-
mits, the mariculture operation is not yet in place.

This was a technology-transfer and capacity building
project in which all the skills needed were present in the
country, in part because of previous international exper-
tise brought in by Marine and Coastal Management.
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However, the actors and the needs or opportunities were
defined and developed through a complex set of process
within which it is difficult to define the beginning and end
points.

The second project is still underway, but has the same
complex set of actors, and complex answer to who de-
fined the need. IOI – Southern Africa was approached
by a group of coastal women to assist them with creating
an economic opportunity for their coastal area. They
were particularly interested in economic opportunities for
women and for youth.

In a brainstorming session, the possibility of establishing
a mariculture operation for marine worms for the bait
market came forward as a good candidate. However,
there were no marine worm farms and no expertise in
this area in Southern Africa. Therefore, a search on the
Internet was made and a company farming worms in the
UK was identified. Representatives were invited to come
to UWC and through this visit, a long-term project was
begun.

Funds from a number of sources were mobilized to es-
tablish this research and development project. First re-
search into the biology of the candidate species had to
be conducted, and experimental mariculture operations
carried out. Capacity had to be built not only in the
community, but within the university itself. This was ac-
complished in part by bringing a postdoctoral fellow from
the UK, who had done her PhD research on the cultiva-
tion of marine worms.

The women who initiated this project showed great fore-
sight in identifying some young people from the commu-
nity, and helping them attend university to obtain the
necessary business and biological skills. This project is
still in the early stages, but it is addressing all stages of
the value chain (Fig. 8).

Neither of these projects were undertaken within the
conceptual framework suggested by this paper because
they grew organically as people learned how to engage
in this kind of work. However, with the clarity of 20:20
hindsight, a conceptual framework for dealing with such
complex technology transfer and capacity building pro-
jects would have been useful in improving efficiency and
avoiding pitfalls.

Discussion: implications for technology
transfer and capacity building in relation to
the CBD.

If we can imagine an end-to-end approach to technology
transfer and capacity building based on the concept of
alliances, the formation of alliances in consideration of
the ideas discussed in this paper can help to ensure the
success of such initiatives (Fig. 8). A number of papers
presented at this conference drew conclusions that sup-
port the ideas summarized in Figure 6 in relation to
technology transfer and capacity building. Figure 8 is an
attempt to summarize the intersection between this pa-
per and some of the other presentations in terms of the
value chain of technology transfer and capacity building,
irrespective of whether the transfer is addressing a
knowledge gap (upper grey rectangles in Fig 8) or an
attempt to add value to a biological resource to promote
poverty alleviation or economic opportunities (lower
green rectangles in Fig 8).

A major challenge for this approach in relation to the
CBD is the weak access to bandwidth in many African
countries and other areas of the developing world. How-
ever, a number of initiatives are underway at present
that mean that the bandwidth divide will be lessened in
the next 1-2 years. If this happens, the approach pro-
posed will become easier to implement as increased
bandwidth becomes available.

Figure 8. Value chain of technology transfer and capacity building programs that can be supported by forming alli-
ances to ensure effective processes at each process or link in the value chain.
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This paper is a attempt to draw some conclusions from
alliances that range from biodiversity to information and
communications technology. These ideas were devel-
oped and documented here over just a few days, so they
should be treated as preliminary. However, I believe that
by combining our understanding of alliances with a
value-chain approach, it will be possible to build a blue-
print for

the implementation of successful programmes of action
to implement the technology transfer and capacity
building aspects of the CBD. Such a blueprint could take
the ideas expressed here3 as a starting point, and in-
clude a number of case studies of successful and failed
projects, an approach that I would encourage.
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Introduction

Poverty reduction is of concern to both developed and
developing countries because of globalisation.  It is also
evident that effective poverty reduction requires the par-
ticipation of the poverty experts – the poor themselves.

Technology has a critical role in the fight against poverty
because a number of causes of poverty can be ad-
dressed through use of appropriate technology.  This
paper will explore technological collaboration and the
challenges of including the poor from the experience of
Uganda.

Uganda, has a population of 24.7 million persons with a
growth rate of 3.4 percent.  Over 70 percent of the
population derives their livelihoods from agriculture but
agricultural output has grown by less than the average
GDP real growth rate over the past four years.  The
slower rate of agricultural growth as compared to other
sectors of production has significant implications for the
livelihoods of the poor, majority of whom are involved in
agricultural production.  It is also a hindrance to struc-
tural transformation with one of the mains reasons for
this, being the poor level of technological development.

In Uganda, poverty reduction entails enhancing pro-poor
growth strategies that ensures participation of the small-
scale agricultural farmers.  It is critical to increase agri-
cultural productivity and rural non-farm incomes.  One of
the key strategies for equitable growth and broad based
poverty reduction, to enable the poor to accumulate ad-
ditional human and physical capital, and increase the
returns to assets they already own, is through techno-
logical progress.  Involving the poor in technological
development entails understanding what poverty is and
who the poor are.

Who are the poor?

Poverty is inability to satisfy a range of basic human
needs, and stems from powerlessness, social exclusion,
ignorance and lack of knowledge, as well as shortage of
material resources.  Poverty, therefore, is multidimen-
sional, reflected in material and non-material aspects of
life and it is location specific (geographically, and agro-
ecologically).  The different dimensions of poverty rein-
force each other.

The poor are not a homogenous group but the different
socio-economic groups experience poverty differently.
To the poor, it is their powerlessness to mitigate nega-
tive household and individual shocks that makes them
vulnerable to poverty.

The specific factors that make some groups more vul-
nerable and therefore poorer than others as identified by
the communities are listed in Table 1.

The poor includes categories of disadvantaged women,
men, and people with disabilities, the elderly, the sick
and those in remote areas.  The question to ponder over
is “Which poor group are we referring to when we think
of including the poor in technological collaboration?”

The paper will focus on development of technology for
agricultural development – the backbone of the econ-
omy.

Agricultural sector constraints

The sector suffers from a number of constraints:
1. Inadequate marketing infrastructure
2. Technology generation and dissemination.
3. Limited investment finance and working capital for

smallholder’s agricultural production.
4. Land tenure systems that are not conducive to the

emergency of land markets.
5. Lack of effective farmers’ organizations particularly

at the grassroots.
6. High illiteracy rate particularly among the women

who constitute majority of farmers.
7. Lack/inadequate information dissemination
8. Poor on-farm and off-farm storage facilities
9. Environmental degradation
10. Effects of HIV/AIDS epidemic

Technological developments in agriculture

A review of technologies existing within the National
Agricultural Research System shows that Uganda has
no shortage of proven improved technologies.  However,
a number of these technologies remain on the “shelf.”
This is due to two main reasons. Some technologies
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have not been commercially developed, packaged, and
marketed for the benefit of the majority of subsistence
farmers. Even when technologies have been developed
for transfer, there has been in many cases, problems of
inadequate multiplication for distribution.

Table 1 Factors that increase vulnerability of specific
groups. Source: Second Uganda PPA Report, 2003.

Vulnerable
group

Key Mediating factors for vulnerability

Women Lack of rights/control over major produc-
tive assets
Traditional roles ascribed by society

Widows Land/property grabbed by relatives and
in-laws
Burden of orphans
Many sons sharing and fragmenting land

Youth Limited access to productive assets
Inadequate education or vocational skills
Early marriages
Ignorance and lack of information
Traditional roles ascribed by society (fe-
male youth)

Elderly Lack of productive assets
Inability to exploit available resources
Lack a social support network – families
are adopting an individualistic attitude
Burden of looking after orphans

Neglected
children

Being part of large families
Lack of social support and social protec-
tion mechanisms
Being physically disabled

Orphans Lack of basic necessities – food, hous-
ing, clothing
Staying in large families with limited pa-
rental care
Living with HIV/AIDS
No support for health and education
Lack of productive assets

Persons
with Dis-
abilities

Discrimination in households and com-
munity
Lack of ownership of key assets like land
Taxation
Inability to engage in income generation

Displaced
persons
and Refu-
gees

Lack of basic necessities
Lack of access to land/insecure land
tenure
Discrimination against the displaced in
host communities
Poor access to social services.

In addition to these problems, many of the poor have
limited access and use of production technology.  Some
of the reasons for this under-utilisation of technology
include:
• Lack of resources to procure available technology
• Lack of information about technological options

available on the market

• Inadequate skills to effectively use existing technol-
ogy.

Technological needs of the poor

Low rates of technology adoption raise questions about
whether research and development priorities in agricul-
ture, are consistent with the investment strategies of
rural households in general and the poor in particular.
Farmers vary considerably in capabilities and investment
objectives, and correspondingly need a wider choice of
technology options.  In Uganda, for instance, there are
differences in willingness to adopt new technologies
between male and female farmers (Table 2).

Table 2 Willingness to adopt technology among men
and women in Uganda. Source :  National Service De-
livery Survey, 2000.

Attitude Male
(%)

Female
(%)

Willingness to apply fertilizers 83 77
Willingness to mechanise 63 54
Willingness to use improved
seeds

90 85

Gender is an important element of household dynamics
and social systems.  Men and women have different
priorities and objectives when they adopt a new technol-
ogy which has to be taken into consideration by re-
searchers.

Other reasons for the differences in technological needs
are:
• Differences in livelihoods for the various socio-

economic groups that are influenced by geographi-
cal location and therefore agro-ecological zones.
The technological development has to be based on
the understanding of the livelihood strategies.

• Varying needs to diversify sources of income using
both farm and non-farm income.  The available op-
tions to the smallholder farmers depend on their en-
dowments with the different assets (natural, physi-
cal, human, financial and social).  There are sub-
stantial differences in household income and owner-
ship of productive assets across income groups.

The poorest households pursue agricultural livelihood
strategies and low- return mixed strategies that required
limited specialized skills and involve little capital assets.
The challenge is to identify and develop the types of
technologies that will help rural households work their
way out of poverty.  These strategies have to recognize
the linkages between agriculture and the rural non-farm
sector and be compatible with household investment
strategies.
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Challenges of involving the poor in
technological development

Most research for technological innovations are located
in the rich developed countries where human and capital
resources are adequate.  This has the research a step
removed from the rural poor and therefore incapable of
identifying and addressing the needs of the poor.  As
has been illustrated the poor have location specific
needs and the best option would be to develop tech-
nologies within the vicinity of these poor communities.
The technology has to be appropriate for the environ-
mental (both natural and socio-cultural) to effective meet
the demands of the poor consumers.  However, to mini-
mize the costs of decentralized technology development,
the other option is to have a minimum initial diagnosis of
the technological needs of the poor, basing on indige-
nous knowledge in a reiterative process.  The technol-
ogy could then be developed through a continuous con-
sultative process.  The issue is how will the poor be kept
in the loop especially since the majority may also be
illiterate?  In the same breath what is the motivation for
the technological developers to consult the poor who
have no effective demand?

Most technological developments are and will continue
to be centralized in localities that are very different from
the environments of the poor.  It is difficult to develop
and test these technologies in differing surroundings.
This implies that every technological developer must
have a decentralized system with knowledgeable front-
line staff. Is this a feasible option for firms bent on mini-
mizing costs to meet targets and beat off competitors?

Most poor people have no voice and policy decisions at
different levels are made by the elite.  In many cases the
poor cannot contribute much for technological innova-
tions as they may be limited by what they know due to
lack of exposure.  This makes technological develop-
ment for the poor even more difficult.  Who will decide
what technology to be developed, and for which poor
groups since the poor are not homogenous?  What crite-
ria, therefore should be used for prioritizing technological
developments?

Innovations often occur as a result of an individual initia-
tive.  Efficient allocation of scarce resources is expected
to result from private market agents pursuing their inter-
ests in the face of competition.  The private sector will
look for ways to protect their investments through intel-
lectual property rights and patents.  However with pov-
erty that is location specific, technological developments
also need to be localized with the resultant problem of
limited exploitation of economies of scale in production.
It is therefore difficult to imagine the private agent who is
pro-poor focusing on technologies affordable by the poor
and not for maximizing profit.

The challenge, therefore, is who will finance the techno-
logical innovations since poverty targeted interventions
rarely recover the full costs.  What moral obligations do
the multi-national firms spearheading technological in-
novations have to forego their profits?  Can adequate
scaling up of production of appropriate technology for
the poor be guaranteed?

Challenges in pro-poor technological
transfers

Many poor people are very risk averse because of their
vulnerability to failure of new interventions and are
therefore resistant to change.  Adoption of new technol-
ogy may be very slow and therefore a time consuming
process.  The challenge is which technological devel-
oper will be there to see the process through.  On the
other hand there are rarely any insurance schemes to
reduce the risks faced by the poor, as this would en-
hance the rate of adoption.

Recommendations

• Ensuring public development and provision of tech-
nology.  If the poor are to reap the potential of tech-
nological innovations, national and international ac-
tion is needed to foster private-public partnerships
that will promote access to these technologies at
affordable prices.

• Encourage participation of the poor in the develop-
ment of technology by decentralizing research.  This
would ensure that technologies developed meet the
needs expressed by consumers.  There is a clear
need for more focused, targeted research – technol-
ogy development complemented by socio-economic
and policy research.  The research and develop-
ment agenda must encompass a range of objectives
including equity, efficiency, capacity building, and
environmental impact.

• The key questions for researchers should be for
example:

o Will the technology lead to higher productiv-
ity across all farms, soil types and regions,
not just – well endowed ones?

o How will the technology affect the seasonal
and annual stability of production?

o How will the technology affect the eco-
system and the sustainability of farming?

o Who will be the winners and losers from the
technology – and how will it affect the poor?

• Encouraging the multi-national technology develop-
ers to have a component for social accountability in
addition to maximizing profits.  This would entail
making a contribution to the development of pro-
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poor technology.  In addition,having indicators of
performance that include contribution to poverty re-
duction in the world.

• Promote structural and cultural change within the
technology development organizations.  This would
include changing attitudes, values, missions, goals,
strategies, systems, and skills particularly of the
front-line staff.
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Introduction

Human development is about providing choices and
increasing capabilities. The issue of choice in turn pre-
supposes looking at development from a standpoint that
goes beyond income and material wealth — a determi-
nant of wellbeing. This is not to say that income and
material wealth are not necessary, because in actual
fact, they do play an important instrumental role in ex-
panding the choices available to individuals — a con-
stituent of human wellbeing.

A distinction needs to be made between the determi-
nants of or means to achieve wellbeing and what con-
stitutes wellbeing — that is, well-being as an end (Das-
gupta 2001, Sen 1998). Sen argues that even though
determinants of wellbeing — for example material wealth
and income — are important, they should not become
ends by themselves (see Box 3). He goes on to argue
that, what people understand as constitutive element of
wellbeing is the freedom to being and doing things that
we all value (Sen 1992, 1999). For example, the free-

Many poor people say that they want to be able to
make choices, to decide to do basic things without
constraint, to live in a predictable environment and
have some control over what happens.

Voices of the Poor,
World Bank, December 1999
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dom to choose to fast or being forced to be inadequately
nourished (both producing similar end effects).

In light of this important distinction between the determi-
nants and constituents of well-being, the Millennium
Ecosystem Assessment (MA 2003) defines wellbeing as:
“The capability to adapt and achieve that which individu-
als value doing and being in situations of dynamic
change”

In light of the definition above, we define poverty as the
deprivation of fundamental capabilities (Alkire 2002,
Duraiappah 2002).

Agency, which favors the transformation of individuals
into pro- active and dynamic agents of change as op-
posed to recipients of aids or handouts, brings another
dimension found to have a constitutive role in human
development. For example, a food aid program turns
people into recipients of handouts, whereas a sustain-
able food production program encourages people to be
active participants.

This heterogeneous view of poverty, seen here as capa-
bility deprivation— lack of choices and agency— for the
communities directly implicated, is a better fit than see-
ing poverty only in terms of low income.

In turn, allowing for plurality and focusing on what peo-
ple can do and be in other words as enhancement to
humans’ freedoms is not at all antagonistic with the need
to be sensitive to ecosystems.

As Sen puts it “Since many human freedoms and com-
ponents of the quality of life are dependent on the integ-
rity of the environment, development cannot but be sen-
sitive to the quality of the environment.” He goes on to
say that the opportunity to live the kind of lives that peo-
ple value-and have reason to value-depends inter alia
on the nature and robustness of the environment”4.

                                                       
4 India Development and Participation, Jean Dreze, A.
Sen 2002

Establishing the links between
ecosystem services and capabilities

Ecosystems provide a range of services—provisioning,
regulating, enriching-that individuals rely on for many of
their fundamental capabilities.

Many of the goods provided by the provisioning service
can be substituted with manufactured goods produced
by the conversion of natural resources (these resources
being themselves provided by the provisioning service)
through technological innovations.  However, the degree
of substitutability is determined by many factors includ-
ing technology, gender, age, culture and income.

Regulating and cultural services, on the other hand, are
difficult and intangible notions to quantify. Therefore,
although critical for human survival and maintaining a
sustainable flow of provisioning services, their impor-
tance and impacts to human wellbeing are often over-
looked and/or not well captured and not given full appre-
ciation compared to the treatment received by the provi-
sioning services of ecosystems.

There are often direct trade-offs among ecosystem
services; specifically, increases in demand for provi-
sioning services usually have degrading effect on regu-
lating and cultural services. For example, clearance of
indigenous vegetation for food crop production have
resulted in greatly reduced litter inputs and soil cover,
which in turn have often led to reduced soil quality and
increased surface run-off and soil erosion.

It should therefore be recognized that there is a high
degree of synergy among the services. The overuse of
provisioning services can impair the productivity of the
regulating services which in turn is critical for maintain-
ing the productivity of the provisioning service. The inter-
dependency among ecosystem services is more often
than not omitted or overlooked when it comes to man-
agement decisions.

Technology has without a doubt improved the quality of
life for many. However, it has also caused many social
and environmental problems. The choice, relevance and
access to technology represent elements that require
careful scrutiny. These are in turn determined largely by
the social, cultural, political and economic conditions
prevalent at the local and national levels.

Many capabilities are intrinsically linked with ecosystems
and ecosystem services. However, the degree of de-
pendency of these links varies across stakeholders. For
some, there will be options—in the short to medium
term—to substitute. For others, especially the poor and
the impoverished, the options will be limited. The degree
of dependency of the poor on well functioning ecosys

Income may be the most prominent means for a
good life without deprivation, but it is not the only
influence on the lives we can lead. If our paramount
interest is in the lives that people can lead- the free-
dom they have to lead minimally decent lives-then it
cannot but be a mistake to concentrate exclusively
only on one or other of the means to such freedom.
We must look at impoverished lives, and not just at
depleted wallets…An impoverished life is one without
the freedom to undertake important activities that a
person has reason to choose.

Sen 1998
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Fig. 1 Links among constituents of well-being and ecosystem services.
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tems is high and critical in order for them to achieve the
things they value doing and being (MA 2003).

The process of analyzing the linkages between ecosys-
tems and poverty reduction is to identify drivers that in-
fluence the links and to then draw intervention strategies
in the form of policies that will reduce poverty through
the sustainable management of ecosystem services.

Indicators for Designing, Evaluating, and
Measuring the links between capabilities,
instrumental freedoms and ecosystem
services

Indicators are useful and in fact essential for guiding
policymakers on designing, evaluating and measuring
the impact of policies to reduce poverty through the
sustainable management of ecosystem services. The
choice of indicators is therefore critical.

Indicators should primarily be designed not as a de-
scription of a static reality but as a means of under-
standing the dynamics of change.

To capture the dynamics of change, indicators should
ideally reflect the agency aspects in the constitution of
well-being as noted earlier in the paper. As such, they
should emphasize the importance of “processes” in the
definition of “outcomes”. This allows us to focus on the
distinction between “indicators for process” and “indica-
tors for ends”.

The goal of sustainability of ecosystem services and
expansion of human capabilities, as argued by Anand
and Sen (2000), demands for distributional equity and
the reduction of poverty in a broad sense. It follows that
an emphasis on capabilities and access to ecosystem
services as the informational space used to assess hu-
man well-being involves the use of distributional pa-
rameters as processes and outcomes indicators rather
than simply averages.

Process-based indicators should ideally reflect the de-
gree of the various instrumental freedoms available to
the different stakeholders. For example, the level of ac-
cess to credit by a “rich” individual as opposed to that of
a “poor” person reflects the degree of an economic facil-
ity—an instrumental freedom. But access to credit is just
part of the story. In order to be successful, individuals
must have trust in the credit system and the necessary
information about the underlying institutional framework
(i.e., information on the credit instrument itself, informa-
tion on the organization responsible for the credits, and
finally the rules of lending and borrowing).

End-based indicators on the other hand reflect on the
achievement of the various constituents and determi-

nants of well-being and the state of the respective eco-
system services. This within the capability framework
implies a focus on the choices available versus actual
end states.

For example, in the case of wellbeing, one priority is on
the ability to be adequately nourished versus being ade-
quately nourished. A case in point is the difference and
yet similar results of being inadequately nourished when
one individual chooses to fast versus another individual
who has no choice but to go hungry.

Apart from choices contributing towards a specific capa-
bility, we must also consider the inter-dependency
among the various instrumental freedoms. For example,
the ability to be adequately nourished will also be de-
pendent on the degree of transparency guarantees sur-
rounding the distribution of water and land.

Whenever there is a high degree of inter-dependency
we will need to construct composite indices that capture
the dynamic relationships that govern the instrumental
freedoms and capabilities.

However, the picture is not complete without linking ca-
pabilities and the need for instrumental freedoms with
ecosystem services. To illustrate this point, the ability to
be adequately nourished—a capability— is dependent
not only on the instrumental freedoms mentioned above,
but also on the provisioning and regulating services of
the ecosystems.

The rate of use of provisioning service and the level of
regulating services are determined or influenced by the
choices individuals make. For example, the decision to
remove all forest cover and convert the land for cash
crop production (a use of the provisioning service) will
inevitably reduce the regulating service such as flood
and storm protection offered by the ecosystem which
may impair the ability of other individuals to reduce their
vulnerability to floods and storms—an important con-
stituent of wellbeing.

The next challenge is to formulate indicators that capture
the state of each of the ecosystem services. For exam-
ple, soil fertility as a base line indicator for the provi-
sioning service and the rate of deforestation and total
forest cover within specified ecosystem boundaries for
regulating services.

Now, the final piece of the puzzle is to map the compos-
ite indices mentioned earlier to the ecosystem services
indicators. By doing so, we have captured the heteroge-
neity, complexity and dynamics of the relationships and
provide policymakers with information on the links be-
tween capabilities, instrumental freedoms and ecosys-
tem services.
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Policy Interventions: Technology,
Instrumental Freedoms and the Institutional
Framework

Maintaining ecological functioning in ecosystems will
depend heavily on matching ecosystems use and ap-
propriate technologies to local conditions so that provi-
sioning services are obtained with minimal loss in regu-
lating functions.

As a case in point, management practices and tech-
niques or technologies that are applied by the people
from drylands, show adaptability to variation and diver-
sity, thereby strengthening the resilience of both the
ecosystem and the production systems (Mortimore,
1998).

On the other hand, the presence of externally driven
economic drivers such as privatization of the commons
or the introduction of technologies emphasizing econo-
mies of scale (modern cattle ranching technologies)
and/or political constraints that prevent mobility and
flexibility (such as the use of political boundaries which
restrict traditional movement of the pastoralists), have
had a negative impact on the resilience of ecosystems.
These drivers have contributed to the breakdown of the
balance referred to in the preceding paragraph (Gun-
derson et al., 2002).

Technology is not value neutral. Technological systems
in fact favor the interest of some groups over other
groups. It is therefore imperative that societies, in their
quest to address equity and effectiveness understand
the implications new technologies carry with them before
introducing such technologies (Winner 1986, Smith
1998).

Technologies suited to the poor are a pre-requisite for
poverty reduction. This implies a process for developing
and identifying appropriate technological systems from
bottom-up participatory approach versus a top down
autocratic method. In this manner, the probability of
technologies that increase the choices poor people have
in enhancing their capabilities becomes higher.

Technology transfer should be sensitive to the ecosys-
tems in which they are introduced. For example, the
ecology of the North China plains—dry fields, fertile
soils, tube wells, intensive labor—rule out technologies
emphasizing economies of scale(Perdue 1998).

Modern technology should embrace and complement
the use of Traditional knowledge.

Technology should promote human agency. It should
encourage people to become agents of change and not
lead them into some form  of dependency trap. Ideally,
technology should be flexible enough to evolve under
local conditions.

Technology transfer should not become an end in itself
but a means to the end-goals of choice, human agency,
poverty reduction and improving human wellbeing.

Enabling conditions for the development and use of
technology at the national level need to be established,
in order to reduce poverty through the sustainable man-
agement of ecosystem services.

We draw on an extensive literature on freedoms (Sen
1999, 2002a, 2002b, Duraiappah 2002, Comim 2002,
Nussbaum 1996, Alkire 2002), and institutions (Ostrom
1990, Bates 1995, Ensminger 1997, Chopra and
Duraiappah forthcoming, North 1990, Dasgupta 2001) to
develop what we call the instrumental freedom frame-
work. We propose, through this framework, to identify
the enabling conditions needed to provide the necessary
choices to the poor to extricate themselves from poverty
and improve their wellbeing.

An institutional framework defined here as a combination
of institutions (formal and informal), organizations and
instruments is needed to provide the instrumental free-
doms (MA 2003, Duraiapah 2002). Six freedoms have
been identified as necessary conditions they are: partici-
pative freedom, economic facilities, social opportunities,
transparency guarantees, ecological security, and pro-
tective security (Jordan 1996, Sen 1999, Chopra and
Duraiappah in press, Duraiappah 2002, MA 2003)

In most cases, inequitable distribution of or access to
ecosystems and their services occurs when there is a
break down in the institutional framework. (Binswanger
1989, Jaganathan 1989, Duraiappah 1998). There are
many reasons for institutional failure. Commonly, pow-
erful individuals or groups prevent the establishment of

The important task becomes…..not that of studying
the ‘effects’ and ‘impacts’ of technical change, but
one of evaluating the material and social infrastruc-
tures specific technologies create for our life’s activ-
ity. We should try to imagine and seek to build tech-
nical regimes compatible with freedom, social justice,
and other key political ends….Faced with any pro-
posal for a new technological system, citizens or their
representatives would examine the social contract
implied by building the system in a particular form.
They would ask, How well do the proposed condi-
tions match our best sense of who we are and what
we want this society to be? Who gains and who loses
power in the proposed change? Are the conditions
produced by the change compatible with equality
social justice, and the common good? To nurture this
process would require building institutions in the
claims of technical expertise and those of a democ-
ratic citizenry would regularly meet face to face.

Winner 1986
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institutions and/or make appropriation of the organiza-
tions and/or instruments that mediate the distribution of
goods and services to their benefit.

Creating, revising, and modifying institutions is a social
process. Certain preconditions, or “instrumental free-
doms,” are necessary to ensure that this process is eq-
uitable and fair. These freedoms, play a critical role in
preventing and/or mitigating institutional failures.

However, it should also be acknowledged that some of
the instrumental freedoms such as economic facilities
and social opportunities are themselves dependent on
the existence of institutional frameworks. In other words,
there is a two-way causality relationship between in-
strumental freedoms and the supporting institutional
frameworks.

A stakeholder experience a loss in ecological secu-
rity—an instrumental as well as constitutive freedom—if
s/he observes heightened vulnerability caused by in-
creasingly frequent natural events such as floods and
droughts. Intervention strategies in the form of institu-
tions, organizations, and instruments need to be de-
signed in order to provide the choices a stakeholder can
have to reduce such that vulnerability. One such choice
will be to maintain the regulating service of ecosystems
in order to increase ecological security and hence re-
duce the vulnerability.

In similar fashion, the lack of economic facilities may be
hindering the ability of individuals to earn the material
minimum will also need to be addressed. For example, if
a technology is made available but the credit facilities
that will allow the poor to have access to the technology
is not available, and then micro-credit schemes de-
signed for the poor may need to be introduced.

One important underlying message in policy design is
the need for an integrated approach which takes into
consideration not only the specific instrumental freedom
identified but also other supporting instrumental free-
doms that may also be required.

A commonly held view is that some freedoms like par-
ticipative freedom are luxuries and are deferrable until
some level of macroeconomic growth has been
achieved. However, this may not be  always true and
often some of these freedoms complement each other
rather than being substitutes. For example, educa-
tion—a social opportunity—is an important pre-requisite
before technology can be introduced and used in a sus-
tainable manner.

Social, political, economic, and ecological freedoms are
essential if equity, fairness, justice, and choice are to be
addressed. In order to take advantage of economic fa-
cilities in the form of technological innovations, for in-
stance, it is essential to have some sort of social oppor-

tunities, such as health and education, available (Drèze
and Sen 2002). In a similar fashion, it is necessary to
have participative freedom and transparency guarantees
if technology is to truly benefit local communities
(Khunkitti 2001, Bussolo et.al 2001, Perera 2001).

For example, one of the more common recommenda-
tions to improve natural resource management and in-
crease income generation is the adoption of high yield-
ing crop varieties and the use of irrigation schemes.
However, insecure property rights—a form of transpar-
ency guarantee—have acted as a barrier towards the
adoption of this technological innovation.

In essence, the six instrumental freedoms provide the
necessary space for individuals to define their
rights—legal, political, social, and ecological—and to
create institutional frameworks to protect and oversee a
fair and equitable distribution of these rights for all mem-
bers of society.

In this manner, individuals, especially the poor, are given
the ability to make their own choices for self-
determination. This process allows them to become
agents of change.

Recommendations

The well-being of present and future human populations
depends on ecologically sustainable and socially equita-
ble ways of living. Technology will play a critical contrib-
uting role towards this goal. However, technology in it-
self should not be perceived as a panacea for improving
human wellbeing in an ecologically and equitable man-
ner. Technology should always be treated as a means
and not as an end in itself. It has to be developed,
adapted and adopted through a social process whereby
society deliberates over the types of technology it
wishes to adopt and use.  In order to achieve this we
must:

First, start with people and not with technologies. Iden-
tify what is acceptable and sustainable based on af-
fordability, accessibility and appropriateness with eco-
systems.

Second, different stakeholders use ecosystem services
in different ways and have different degrees of depend-
ency on these services. Some have clear substitutes
while others have more limited options. We need to
adopt technologies that respect these differences and
make sure that no one stakeholder group is marginal-
ized in the process.

Third, move away from a one size fits all approach to a
complex adaptive management strategy that embraces,
understands and respects the heterogeneity of ecosys-
tems and people.
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Fourth, create partnerships between public and private
sectors, especially small and medium enterprises. Es-
tablish research and development (R&D) centers that
undertake sequential R&D rather than extensive R&D
centers as seen in developing countries.

Fifth, encourage a mix of traditional knowledge and new
technology to fit the social, cultural, political and ecologi-
cal conditions. Establish mechanisms to protect the
property rights of the technology that is produced by
these initiatives.

Sixth, provide capacity building support at the local level
to increase awareness of technology and the way it can
improve individual capability and improve wellbeing and
reduce poverty.
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N M Sadguru Water and Development Foun-
dation, Gujarat,
India
nmsadguru@yahoo.com

A sort of amazing transformation has taken place in the
tribal villages in western India;

 As brought out in recent research study sponsored
by International Water Management Institute, in one
hamlet in village Mahudi, a phenomenal increase in
agriculture production has been witnessed.  In this
hamlet, before irrigation and other interventions un-
der integrated watershed development, the annual
agriculture production was about 82 metric ton which
has now gone up to about 900 metric ton, more than
900 % increase.

 In village Mota Dharola, the agriculture income, along
with income from milk on account of community lift ir-
rigation, the income has gone up from INR’1.2 million
before interventions to more than INR’10 million an-
nually after the intervention.

 In several tribal villages, on account of agro forestry,
large numbers of tribal families (each family) own
trees worth more than INR’1,00,000 to 2,00,000,
which is an handsome amount in the hands of poor
tribals in Indian conditions.  Infact, large numbers of
tribal farmers in these villages have each sold trees
worth INR’1,00,000 to 2,00,000 in recent years to
meet their requirements, particularly, during drought
years.

 More than 110 tribal villages have each tree cover on
30-35 % on the village land from almost nil earlier.

 A tribal village Rozam has 250 horticulture plots
raised by equal numbers of tribal families and also
250 floriculture plots raised by the same numbers of
families.  The families who have raised roses, each
of them get INR’250 to 500 every day and on festival
days up to INR’750 every day by selling roses during
at least half of the year and those who have raised
seasonal flowers (marigolds), each family gets about
INR’150 every day for about three months.  Often

most of the families in this village have both the
species of flowers.  This is an excellent income in
Indian rural and tribal conditions.  In no other tribal
village in the semi-arid western region of country
such development has taken place.

 About 450 community water resources schemes,
most of them in the radius of 70 kilometers have
been developed and they are successfully managed
by the community on sustainable basis.  They are all
managed under the cooperatives.  Perhaps, rare de-
velopment in a compact and contiguous tribal region
world over.

 More than 55,000 tribal families have improved their
living conditions substantially on account of devel-
opment of water resources and horticulture develop-
ment.  Almost all of them were previously defined as
“below poverty line” families, but, now they are above
poverty line.

 More than 56,000 tribal families are now self-
sufficient in their requirements of fuel wood and tim-
ber wood on account of massive agro forestry that
they have raised on privately owned waste lands.
These massive tree assets become very handy in
combating the drought conditions.

 More than 300 tribal villages have now no drinking
water problem even during successive drought years
on account of NRM interventions.

 The price of agriculture land has been appreciated
from about INR’3,000 per acre to about INR’40,000
per acre after the development of water resources
and other interventions.  This has in real terms en-
hanced the credit worthiness of such land owners,
improving their social status in the society.

 The distressed migration which was earlier between
50-70 % of the total population in most of the tribal
regions has now come down to less than 10 % of the
population in each tribal village, with duration of mi-
gration reduced from 8 months to two months during
a year.

 The school attendance in many of the tribal villages
has increased by 300 % on account of development
taking place in the villages, resulting in the stability of
people in their own villages.

The above transformation was neither a magic nor a
miracle.  It was a result of appropriate development in-
terventions through appropriate technology transfer and
the community management of natural resources, par-
ticularly, land and water resources in those villages, car-
ried out by prominent NRM NGO, N M Sadguru Water
and Development Foundation, with full involvemen and
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participation of local community and through the process
of capacity building among the community.

General scenario

The tribal population in India as per census 2001 was
more than 82 million people, which was 8 % of the total
Indian population.  This population of tribals in India is
more than the population of any of the European coun-
tries except Germany.  It is almost equal to the popula-
tion of Germany.  Infact this population of tribals in India
is almost four times of the population of the Scandina-
vian countries.  The sharp difference is that while the
Scandinavian countries are among the richest and most
progressive in the world, our tribal people are the poor-
est in our country.  When India itself is a poor developing
country, one can imagine the plight of the tribals who are
the poorest in poor country.  In many independent and
reliable estimates (not relying on Government data) the
below poverty population in Indian tribal regions is be-
tween 60-85 % of the population.  In a recent study by
prominent international researcher, Prof. Tushaar Shah
of the International Water Management Institute re-
vealed that in the tribal regions of Gujarat, below poverty
line population was between 60-80 % of the population
of those regions and villages.  If this is a situation in the
tribal regions of Gujarat, a state relatively progressive,
the situation in other tribal regions in other states would
definitely be worse.

In human development index, the tribal regions and
people are at the bottom of the table in every state and
districts.

There is alround degradation of natural resources in the
tribal regions, resulting in rampant poverty among the
tribal people, of the magnitude shown above.  It is unbe-
lievable, but, real historical fact that all these tribal re-
gions were full of rich dense forests, full of wild life,
barely 100 years back.  Such a fall of nature rich regions
is a tragedy of the regions as well as of the local people.

Why are tribal regions and people poor?

There are many theories and reasons offered by various
people for such degradation of the tribal regions and
resulting poverty of the tribal people.  Among the main
reasons for such degradation and poverty of tribals was
the greedy and selfish policy of the British rulers who
nationalized the forests by enacting the Forest Act 1865
and completing the process by the Forest Act 1878, dis-
possessing tribals of their own forest lands.  This Act of
the Britishers, perhaps, gave the severest blow to the
tribals and their economy, as the tribals were dependent
almost fully on the forests and forests products.  In the

recent history of mankind, no single community in its
entirety at such a scale was dispossessed of the prime
livelihood system in one stroke of a pen.  The tribals
have not regained their lost glory of their forests and lost
livelihood system since then.

Indian Government under the constitutional obligations
and in various development planning has tried to im-
prove the tribal conditions.  Lot of efforts and lot money
have been spent in improving the tribal conditions, but,
the results have not been commensurated with the ef-
forts and investments.  The main reason for not achiev-
ing the desired results was poor implementation of many
otherwise good programmes.  The leakages, unac-
countability and often in-competency of people imple-
menting the tribal development programmes have not
allowed the tribal development programmes to succeed
as expected.  The international community has also not
given due priority to the tribal regions and tribal people.
International bilateral organizations have been often
influenced by the ruling party and powerful and articulate
political leaders in the allotment of the funds.  Articulate
Chief Ministers and articulate bureaucrats with their in-
terest in particular states would get away with large
chunk of bilateral assistance.

It was necessary to invest massively in the development
of available natural resources like water and land in the
tribal regions of India through appropriate technology
and proper implementation, with full accountability.

The Indian NGOs have done something for the im-
provement in the economic conditions of the tribal peo-
ple, but, not adequate enough.  Most of the Indian NGOs
have contributed in education, social welfare, awareness
raising, so called empowerment, micro finance, etc. but
not many have opted or equipped themselves to trans-
form the tribal regions.  Many NGOs, though willing to
help the tribal community in reducing the poverty, have
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not chosen appropriate strategy and appropriate tech-
nologies so necessary to improve the tribal regions.  In
modern times, if appropriate and relevant technological
solutions are not applied, the development of any region
could be affected or atleast slowed down.  Not many
realize that as long as someone is poor and struggling
for two square meals a day, any efforts of empowering
him would not yield result.  Empty stomach cannot fight
the external forces as it is necessary first to feed a belly.
Removal of poverty is first step for any kind of
empowerment and further development.  The books and
theories may say anything on empowerment, but, it is
basic that first a belly should be full.  There is a saying in
India that even a prayer to God is not possible for a
starving person (Bhukhe bhajan na hoi Gopala).

Sadguru Foundation’s strategy in NRM and
poverty alleviation

An NGO, Sadguru Foundation, selected the tribal re-
gions for the development interventions.  Having sur-
veyed the area and interacting with the community on
their priority needs, based on available local resources,
Sadguru Foundation decided to work on natural re-
sources such as the land and water for the improvement
of the tribal regions and tribal people through suitable
activities.  Most of these activities required scientific ap-
proach and appropriate technological interventions.

Lift irrigation technology
The undulated and uplands required water to be lifted for
the irrigation and thereby for the development of agri-
culture.  The modern lifting technology was used by the
NGO in developing lift irrigation projects.  Infact, this lift
irrigation technology has been mastered by the NGO by
engaging highly qualified technocrats for the design and
implementation of lift irrigation projects and transferring
the technology to the farmers.  In Indian condition, irri-

gation does a miracle in the improvement of agriculture.
This is what has happened in NGOs project by using lift
irrigation technology, appropriately and perfectly to the
benefit of the poors.  Few examples of improvement on
account of irrigation have been quoted in the beginning
of this paper.  It was not only the use of appropriate
technology, but, in the process adequate capacity of the
community was built up to manage and sustain the
technical systems created under the programme.  The
farmers are thus, managing the systems successfully
and paying fully the cost of irrigation availed by them.

Surface water harvesting
The tribal regions are full of rivers, rivulets and streams,
but they usually dry up soon after the monsoon and re-
main dry for a long dry spell of more than 8 months in
India.  In such situation, the harvesting of water be-
comes imperative for the use of people for irrigation and
other uses during dry period.  The NGO using the ap-
propriate technology has harvested surface water on
several rivers and rivulets to the benefit of thousands of
tribal families.  In an innovative approach, the rivers and
rivulets are harvested at an appropriate distance through
series of masonry harvesting structures and as a result
entire source becomes perennial and water is available
to the people during dry months for various purposes.
The water harvesting technology in the form of small
scale masonry weirs was not new one.  But, what was
new was the massive use of this technology in the tribal
region and perfecting the technology to guarantee the
results along with the cost effectiveness.  The organi-
zation has acquired so much mastery and acumen that
the water harvesting masonry weirs constructed by the
organization are almost one fifth of the cost of such
structures constructed by the Government.  These
structures by their location and technical perfection
have given great relief to the people during drought
years which are very frequent in this region.  Besides
direct irrigation from these harvesting structures, there
has been significant increase in the ground water on
account of these harvesting structures, ensuring avail-
ability of water for the irrigation as well as drinking wa-
ter from the dug wells adjacent to such structures.  By
their size and storage capacity they are largest con-
structed by any NGO in India.

Horticulture and floriculture development
The availability of irrigation on account of the availability
of water described above has apparently increased the

agriculture production enormously benefiting thousands
of one time poor families.

In the recent development, introducing the latest tech-
nology of drip irrigation and sprinkler system, the devel-
opment of horticulture and floriculture has taken place in
the tribal region.  This is uncommon development.  The
benefits of such development have been described in
the examples quoted in the beginning of this paper.  This
has been highly profitable activity based on appropriate
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technology transfer, which on one side economize the
water use and on other side due to scientific use of wa-
ter the production is also ensured at higher level.

What is again a uniqueness of this programme is that it
is adopted by the poorest people, and in addition, it has
been managed by women groups.  Imagine tribal
women handling sophisticated technical systems of drip
and sprinkler irrigation in their fields?

Community management
All the programmes described above have been initiated
and managed by the community itself through its various
institutions of different users groups.  No financial sup-
port is given to the groups for the post project manage-
ment of the systems and programmes.  However, con-
stant inputs in the form of training, orientation and expo-
sures are provided to these groups and local institutions
to improve the performance and also to make them
adapt to new practices, new cropping patterns and new
requirements to manage and sustain the activities effec-
tively and profitably.  This capacity building inputs have
resulted in the strong village institutions, not requiring
any assistance from external agencies for the day to day
functioning of their systems.

Replicability of the programme

The overall progress achieved by Sadguru Foundation in
various activities based on technological interventions
and achieving good results is summarized in a table
annexed that is available from the Foundation.

What the NGO, Sadguru Foundation, has shown is very
much replicable in large areas in India, particularly, in
the tribal regions of India.  The technologies are appro-
priate and relevant for the similar programmes in many
areas.  They are easily replicable.  There are sources in
the form of land and water awaiting such replication at a

large scale.  Easily, more than 50 % of the tribal popula-
tion of India, i.e. about 40 millions or more can get direct
benefits of the similar programmes if replicated in all the
tribal regions.  The tribal regions which are the poorest
at present and if they reach a prosperity level, such
prosperity can help the entire country.  Infact the tech-
nologies in the programme described in this paper are
applicable and replicable in most of the indigenous peo-
ples regions world over, specifically, in Asian and African
regions.

The replication of the technological interventions in the
tribal regions of India and in other similar regions outside
India is a challenge to the respective Governments, well
meaning international funding organizations, NGOs and
the communities.  These poor people and poor regions
have been neglected too long.  They need attentions of
everyone with relevant programme activities for their
better future.
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ZNFU – Conservation Farming Unit,
ZNFU House, Agricultural Showgrounds,
Lusaka,
Zambia.
paagaard@zamnet.zm

Zambia’s agro-ecological regions

Latitude: 100 to 180 south of the equator

Agro-Region 1
Luangwa and Zambezi Rift Valley areas comprising 14%
of the land area. Mainly difficult solonitzic soils and un-
predictable rainfall <800mm with recurrent droughts and
floods. Summer (rainy season) temperatures can ex-
ceed 380C.

Agro-Region II (Zone IIa)
The Central and Eastern plateaus of Zambia comprising
28% of the land area. Contains the most fertile soils in
the country. Rainfall ranges from 800-1000mm with
summer temperatures ranging from 20-330C.

Agro-Region II (Zone IIb)
The semi arid plains of Western Province comprising
12% of the land area. Sandy and alluvial soils. Rainfall
>800mm.

Agro Region III
The northern parts of Zambia comprising 46% of the
land area. Acid leeched soils of relatively low fertility
predominate. Rainfall is above 1200mm, with summer
temperatures ranging from 18-300C and extended
cloudy periods.

Conventional farming practices and
deforestation

According to the Food and Agricultural Organisation
(FAO) of the United Nations, Zambia now suffers the 4th
highest per capita deforestation in the world. Conven-
tional farming systems as practised by the majority of
800,000 small-scale farmers in Zambia are a major con-
tributor to this statistic.

In agro-ecological, Region’s I & II, the eastern, central
and southern plateaus and valleys of Zambia, continu-
ous ploughing, maize mono-cropping and excessive use

of acidifying fertilisers, coupled with the impact of Corri-
dor disease have led to the abandonment of many thou-
sands of hectares of formally productive farmland. Mi-
gration of farmers from Southern Province commenced
in the early 1970’s and continues today. Families mi-
grate locally or move to other Districts and Provinces
where opportunities exist to encroach virgin woodland,
mine out the natural fertility and commence the destruc-
tive cycle that obliged them to move in the first place.
Examples of tree felling adjacent to thousands of hec-
tares of unutilised land are commonplace and underline
the need for farmers throughout Zambia to convert to
systems that enable productive and sedentary farming
on a permanent basis. Declining rainfall in the south is
often cited as a reason for migration. The CFU has ana-
lysed carefully recorded rainfall data from Monze 1922-
2003 and there is no evidence of a persistent decline in
total precipitation or of negative trends in distribution.

The north of Zambia, Agro-ecological Region III rainfall
1200-1500mm, is predominated by Miombo (Brachyste-
gia-Julbernardia) woodland. The soils once denuded of
natural vegetation are prone to leeching and rapid acidi-
fication. Historically, chitemene (coppice and burn)
farming systems based on finger millet followed by
beans and cassava worked well. Low and scattered hu-
man settlements and vast areas of woodland enabled
abandoned chitemene circles to rejuvenate naturally
over 20-25 years. However, increasing population pres-
sure, the concentration of habitation close to towns and
the introduction of maize culture has radically changed
farming patterns in the north of Zambia over the past 30
years. The more intensive systems based on maize in-
ter-crop culture are unsustainable. They lead to severe
erosion, rapid soil acidification and the continuous en-
croachment by farmers into mature woodland resulting
in total deforestation around towns and cities.

Conservation Farming

The Conservation Farming Unit (CFU) of the Zambia
National Farmers Union (ZNFU), commenced promoting
conservation farming (CF) practices in Zambia in 1996
with support from NORAD other bilateral donors and the
Zambian cotton industry. The goal of the CFU is to en-
able small-holders in Zambia to adopt more productive
and environmentally sustainable conservation farming
systems. To date over 100,000 farmers have adopted
the practices on a proportion of their cultivated land.
CF systems increase yields, enhance food security,
mitigate against the effects of drought, improve soil fer-
tility and arrest the effects of conventional farming prac-
tices that are undermining the agricultural resource base
and contributing to poverty and rapid deforestation.
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CF- The Basic Practices
The system is suited to all commonly grown annual
crops including maize, bulrush millet, sorghum, cotton,
sunflower, groundnuts, soya beans, cowpeas, gram,
pigeonpea and sesame.

The basic practices involved are as follows:

• The retention of crops residues (as opposed to the
widespread practice of burning).

• Restricting tillage of the land to the precise area
where the crop is to be sown, i.e. only 10-15% of the
surface area of the land is tilled to establish crops.

• The completion of land preparation (in Agro-
ecological Regions I & II), in the dry season. (This
represents a radical shift from conventional prac-
tice).

• The establishment of a precise and permanent
grid of planting basins, planting furrows or con-
toured ridges, within which successive crops are
planted each year and within which purchased or
organic nutrients are accurately applied.

• Early and continuous weeding that inhibits seeding
and in time reduces the soil weed bank.

• Rotations or inter-cropping with nitrogen fixing leg-
umes that occupy a minimum of 30% of the culti-
vated area.

The principal aim of this system is to restore and main-
tain the fertility of the land in the 15% surface area and
associated rooting zone occupied by the planted crop.
The intervening area (85% of inter-rows), can remain
relatively infertile as this area is occupied by competitive
weeds.

Species Programme,
IUCN – The World Conservation Union,
Gland,
Switzerland
sue.mainka@iucn.org

The negative ecological, social and economic conse-
quences of biodiversity loss have been acknowledge in
an increasing number of international agreements and in
the Johannesburg Plan of Implementation. Yet the world
still knows remarkably little about its biodiversity and
lacks a functioning global system for assessing and
monitoring biodiversity status and trends.  Compared to
almost every other sector such as trade, financial flows
and human health, biodiversity is only monitored in the
most rudimentary manner.

Assessment of biodiversity at the ecosystem level and
including ecosystem goods and services is underway
through the Millennium Ecosystem Assessment which
began in 2000 and is expected to conclude in 2005.
However, as the units of biodiversity for which the great-
est knowledge (and potential to increase knowledge)
exists, species are the natural units for measuring and
monitoring changes in biodiversity over time.  IUCN has
been providing global species status assessments for
four decades and this represents the longest time series
of data on trends in biodiversity status at this level.

What is the IUCN Red List of
Threatened Species?

The IUCN Red List of Threatened Species is a global
assessment of the status of species risk to extinction.
IUCN, through the Red List, aims to identify and docu-
ment those species in need of conservation attention
and also to provide a global index of the state of biodi-
versity.  Information from Red List assessments should
become an important part of the suite of knowledge with
which conservation priorities are set and actions under-
taken. In addition, while being part of a package of in-
formation that can be used to make conservation deci-
sions, the Red List provides an opportunity to highlight
specific issues that should be brought to the attention of
decision-makers.
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The Red List is a practical tool for a number of key audi-
ences.  Parties to the Convention on Biological Diversity
will find the Red List useful as they strive to meet their
obligations to the treaty.  Specifically, the Red List can
help to achieve Article 7 (Identification and Monitoring)
which, in turn, is critical to implementation of several
other articles including 8 c),d), and f).  In addition, using
the Red List at regional and national level, governments
responsible for natural resource and biodiversity man-
agement will be able to undertake assessments at a
scale that is relevant to their work.  Finally, the private
sector, which makes investments and sets policies that
have substantial impacts on the status of biodiversity
can make use of the Red List as part of environmental
impact assessments before implementing major devel-
opment projects.

The History of the Red List

The IUCN Red List System was first conceived in the
early 1960s by Sir Peter Scott (Burton 2001).  During the
next two decades, IUCN Red Data Books (containing
both background information on species as well as the
assessment of species status) became the standard for
species listing and conservation assessment efforts.
However, until the mid-1990s, the compilation of the
IUCN Red List was essentially an ad hoc process based
on expert opinion rather than analysis of data.  To ad-
dress this problem, in 1994, IUCN adopted new Red List
Categories, together with objective and scientifically
rigorous criteria to guide implementation.  These criteria
were further revised in 2000, with the revised version
being implemented from 2001 (see www.rRedlist.org).
The 2001 Red List Categories and Criteria are now
available in several languages including English, French,
Spanish, Chinese, Russian, Portuguese and Japanese.

While IUCN was occupied with global assessments of
species status, the Convention on Biological Diversity
directed Parties to undertake national assessments of
their biodiversity under Article 7.  In an effort to provide a
useful tool, IUCN is completing a set of guidelines for
using the Red List Categories and Criteria at regional
and national levels (Gardenfors et al, 2001).  At SBSTTA
6 during the discussion on biodiversity indicators, the
Parties noted “ the usefulness of ongoing and planned
assessments, including … the IUCN Red List Assess-
ment process, and stresses the importance of using
information from such assessments and of strengthening
linkages with relevant organisations.” (excerpt from
UNEP/CBD/SBSTTA/6/L.7/Add.1)

The Science of the Red List

On a global level, all mammal and bird species were
evaluated against the Red List Criteria in 1996 (Baillie
and Groombridge 1996), followed by the evaluation of
10,000 tree species in 1998 (Oldfield et al. 1998) and a
re-evaluation of all bird species in 2000 (BirdLife Inter-
national 2000).  The 2002 IUCN Red List of Threatened
Species reports more than 11,000 species (out of ap-
proximately 38,500 evaluated (Hilton-Taylor pers.
Comm.)) to be threatened with extinction - 25% of
mammal species, 12% of bird species and more than
30% of reptiles, amphibians and fish evaluated to-date
(IUCN 2002).  As the current level of knowledge for
many groups of species other than mammals and birds
is low, the real number of threatened species is likely to
be much higher.

Extinct (EX)

Extinct in the Wild (EW)

Critically Endangered (CR)

Endangered (EN)

Vulnerable (VU)

Near Threatened (NT)

Least Concern (LC)

Data Deficient (DD)

Not Evaluated (NE)

(Adequate data)

(Evaluated)

(Threatened)

Fig. 1 IUCN Red
List Categories
(version 3.1).
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IUCN also aims to use the Red List to develop credible,
measurable biodiversity indicators. By assessing and
monitoring on a continuing basis, the status of a repre-
sentative selection of species (as biodiversity indicators)
that cover all the major ecosystems of the world we can
assess changes and trends in the state of biodiversity
over time. These indicators will be based on intensive
data gathering, documentation and assessment for the
IUCN Red List and include the following:
• Biodiversity Status Index: the extent to which the

world’s biodiversity is threatened with extinction.
• Biodiversity Trend Index: overall trends among

species (tracking increases and decreases in global
species populations).

• Cause of Threat Index: the relative seriousness of
different types of threats that have negative impacts
on biodiversity.

• Conservation Action Index: the extent to which spe-
cific conservation measures are in place to protect
threatened species.

• Extinction Rate Index: the changes in global rates
of species extinctions.

• Biodiversity Knowledge Index: the extent to which
sufficient information is available on species to de-
termine their IUCN Red List category.

• The Red List is the best available scientific global
assessment tool for evaluating risk of species to
extinction and is an important indicator of the global
status of biodiversity.  However, the Red List is not
intended as a stand-alone conservation decision-
making tool or as an indicator for information below
the global level.  At sub-global levels, other factors
such as relative risk of extinction at the local level
as well as local economic and political circum-
stances must be taken into consideration when
managing biodiversity.

The latest version of the IUCN Red List Criteria and
Categories (2001) was been developed during a 3 year
process led by a team of more than 50 scientists in con-
sultation with the SSC network of more than 7000 scien-
tists across the globe.  The IUCN Red List Categories
and Criteria allow scientists to assess species status
under any one of 5 situations –declining population;
small range and decline or fluctuation; small population
size and decline; very small population or restricted
range; and finally, a model of population viability.  In
addition, evaluation of declines can take into considera-
tion issues such as over which time frame the decline
occurs (past, present, future or a combination) as well as
reversible vs. irreversible declines (e.g,. part of a man-
agement programme may include a planned population
decline).

The work of the Red List is expanding.  Information on a
wide variety of taxa beyond birds and mammals is cru-
cial for accurate assessments of the world’s biodiversity.
Ecosystem evaluations will need species data input.
Human livelihoods depend on species-based natural

resources for everything from food to medicines to
maintenance of culture.  Understanding the status of
those resources is a necessary start to an effective re-
source management strategy.

 Guiding Principles of the IUCN Red List

While undertaking development and dissemination of the
Red List, several key principles have guided our actions:
• The global IUCN Red List of Threatened Species

should be available to all potential users.
• The process of undertaking status assessments

should be clear and transparent
• Species assessments are completed based on cor-

rect use of the categories and criteria and open to
challenge and correction.

• Status assessments should be correctly docu-
mented and supported by the best scientific infor-
mation available.

Training people to use the Red List

Establishing a global standard is important but it is also
important to make that standard accessible to those who
need it.  During the last five years, and with the increas-
ing demand to understand the world around us, IUCN
has undertaken to assist all interested parties in under-
standing and using the Red List. As of mid-2003, 29
workshops have been held in 20 countries, but involving
participants from more than 50 countries (Annex I).

Demand for training in Red List Assessment is high.  To
date, this training has been provided through intensive
workshops facilitated by IUCN experts.  Typically, this
involves a 3-5 day programme of work to which local
experts are invited.  These experts are asked to bring
with them examples of species they would like to as-
sess, as part of the practical exercises. Each workshop
begins with presentations on the theoretical background
to assessments and explanations of application.  This is
followed by practical exercises on species assessments
from the region in which the workshop was held.

While each workshop is tailored to the specific needs of
the audience, there is a basic syllabus that is covered in
each one including the history of the Red List, the cate-
gories and criteria and examples of assessments from
the region.  In addition, participants are instructed in use
of the SIS software package.

Evaluations of these training workshops have provided
some key lessons for us.  First and most important, most
participants expressed confidence that they could un-
dertake further assessments after completion of the
training.  Second, participants pointed out that the bene-
fits of training workshop go beyond transfer of technol-
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ogy.  Many participants commented that the opportunity
to meet others from within their region/discipline was
also important.

Challenges presented by Red List Training

IUCN has had an opportunity to review results from the
many workshops and has identified the following major
areas that challenge our outreach in the future.

• Language
• Scientific complexity
• Politics
• Resources

Language
To date, most of workshops have been conducted in
English.  Usually, the audience comes from a back-
ground of mix of language and generally for whom Eng-
lish may not be the mother tongue.  In the cases, where
we were able to provide facilitators and trainers who
spoke other languages (and until now that has been
limited to French, Spanish, Chinese and Russian), the
training materials were usually still be in English,
Developing materials in other languages also presents
some difficulties.  Not all scientific terms are easily
agreed within the English context and then a translation
into a second language creates another point of discus-
sion.  Some English terms do not have an easily under-
standable counterpart in some other languages.  Exam-
ples include…’population’, ‘generation’, ‘extreme fluc-
tuations’, ‘extent of occurrence’, ‘area of occupancy’,
‘location’, ‘inference’, ‘dispute tolerance’, and‘ risk toler-
ance’.

Finally, dialects within all languages can mean that a
Spanish training programme developed in Spain may
not meet the needs of those in Chile, nor a programme
translated in Moscow be suitable for use in Almaty.

Politics
The Red List is a victim of its own success.  As its rec-
ognition as a global standard increases, the tendency to
abuse the process to achieve specific conservation
goals has occurred.  Should a species’ status improve to
some degree, there is reluctance to recognize this and
the potential need to re-classify it, due to fears that deci-
sion-makers will lower the priority given to their ongoing
conservation.  In other cases, scientists express reluc-
tance to undertake Red List assessments based on the
fear that if the species they are studying may be in-
cluded as threatened, they might no longer be able to
conduct scientific research on that species.  Finally, in
some countries, the name of the Red List is used but the
official criteria and associated process for assessments
is not followed, creating confusion on the validity of re-
sults and usefulness for global conservation planning.

These cultural and political issues certainly present
some complex questions.  While IUCN does want the
Red List to be recognized and utilized as much as pos-
sible, should we promote this at the potential cost of its
credibility?  How can one prevent people from abusing
the system without developing an intensive policing
system that would be costly to maintain?

Scientific complexity
The idea of the Red List system is a simple one, but the
concepts on which it is built are complex and detailed.
The current version represents the collective wisdom of
more than 50 experts on extinction science and includes
the latest thinking on ideas such as

• Shifting window concepts of time,
• quantitative modelling of populations,
• uncertainty (natural variability, semantic uncer-

tainty and measurement error)
• declines in (long-lived) widely distributed spe-

cies;
• the use of the appropriate scales (geographic

and temporal).

While the workshop curriculum provides background on
how all these ideas are incorporated into the assess-
ment process, trainers also need to consider the varying
level of scientific background among participants.  It is
not unusual for a single workshop to include participants
working in academia, government agencies and local
non-governmental organisations.  The educational
background of participants can vary widely and the
workshop needs to meet the needs of all these users.

Resources (Human and Financial)
Perhaps the greatest challenge is that of resources.  It is
certainly not a simple question of money.  The demand
for training far exceeds the staff capacity of IUCN to
fulfil, even if funds were available to pay for the events.
But discussions with participants indicate that the big-
gest problem is not that of getting to the workshop itself,
but rather finding support for implementation afterward.
During the workshop confidence is high in applying the
newly acquired knowledge.  However, once everyone
has returned home and tries to apply the process, there
is an acute need for a person to whom they can pose
questions and clarifications that reinforce the workshop
experience.  Training is one thing, but learning and re-
tention require a longer term commitment.

How does IUCN address these challenges?

The challenges posed by training are many but the im-
portance of providing a useable tool mean that we must
adapt and deal with them.  IUCN has developed training
tools and a long-term strategy to address the issues of
scientific complexity and languages.  To help meet the
needs of resources, new partnerships are being formed.
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The challenge of politics will require significant efforts of
communication and awareness raising of the process
and the results.

Training tools
• User guidelines to address specific challenges –

The issue of simplifying scientific complexity, in
some cases, requires additional and specialized ex-
planations for specific situations.  In the cases of
widely dispersed species and the use of appropriate
scales for analysis, special user guidelines have
been prepared.

• Guidelines for assessment at regional and na-
tional levels. – To address the specific request for
adaptation of the global Red List to regional and na-
tional levels, allowing countries to fulfil their obliga-
tions to CBD, etc.  IUCN has finalised na-
tional/regional level guidelines and is translating
them in to French and Spanish.

• SIS – The computerised information system behind
this assessment of biodiversity status and trends
worldwide, and also behind the Red List, is the Spe-
cies Information Service (SIS), envisioned to be-
come the world’s most comprehensive resource for
assembling and analyzing information on the status
and trends in global biodiversity.  The SIS is a web-
enabled system that is designed to provide current
biodiversity information at various scales of resolu-
tion to allow natural resource management planning
at national and regional levels. Through the SIS we
will be able to empower people to both provide data
and gain access in information that may comple-
ment the work they are already undertaking. The
SIS will dramatically increase the world’s under-
standing of the dynamics of biodiversity, capacity to
monitor status trends at multiple levels and the abil-
ity to design effective conservation actions.  It will
result in vital information tools to support sound con-
servation action and, ultimately, will play an un-
precedented role in stemming the extinction crisis.

Training strategy
• Training trainers – with increasing demand, IUCN

has placed renewed emphasis on choosing partici-
pants who will be able to train others

• On line training – the long-term training strategy
includes a web-based training package that can be
completed on a student’s individual timetable.

• Refining the training package

Engaging partners
• The Red List Consortium – The need for resources

and for continued scientific rigour in the process re-
quires IUCN to look beyond its Secretariat capaci-
ties.  We have established the Red List Consortium
and brought together the collective strength of Con-
servation International/Center for Applied Biodiver-

sity Sciences, BirdLife and NatureServe to continue
to fine-tune the Programme.

• Private sector – delivery of training via the web and
of the SIS as a tool for data collection and assess-
ment requires modern approaches to information
technology.  IUCN has sought the support of Oracle
and HP as major partners in development of the SIS
software.

What next?

A wish list of actions to further develop the IUCN Red
List and its capacity building and technology training
programme would include:
• A Red List Help Desk to support workshop partici-

pants after their return home.
• A Red List communications team to both raise

awareness of the training package but also of the
Red List assessments and their implications for con-
servation and sustainable development.

• Wide distribution of SIS software to allow data input
and active use of the Red List module contained
within it.

Summary

The IUCN Red List Categories of Threat are a method of
classification of species based on either population or
distribution data that attempts to provide a snapshot in
time of the global status of a species.  At the global
level, IUCN provides a wide variety of advisory and in-
formational services to international conventions and
agreements including the Convention on Biological Di-
versity (CBD) and the Convention on Wetlands of Inter-
national Importance (Ramsar Convention) and the Con-
vention on International Trade in Endangered Species of
Wild Fauna and Flora (CITES). The global IUCN Red
List forms an important part of this knowledge.  Similarly,
at the sub-global level, Red List assessments can assist
with identification of conservation problems and assist
with assessing priorities for action.

A Red List classification is not intended as a stand-alone
recommendation for conservation action, but rather a
description of what might happen to a species if nothing
changes regarding its status.  Red List classification is a
symptom rather than a prescription.  Nonetheless, the
Red List can be the springboard to focused conservation
action and can provide some of the necessary attention
and urgency to today’s critical conservation problems.
Putting this tool into the hands of decision makers at all
levels will require a long term commitment including de-
velopment of tools and financial support.  Nonetheless,
the resulting ability to use this technology would be an
important contribution to the conservation solutions of
tomorrow.
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Annex I - Training courses conducted in the last 5 years.

Location Participants
1998
December Villa de Leyva, Colombia 75 people
1999
January
May
September

November

Montreal, Canada
Sydney, Australia
Colombo, Sri Lanka
Madrid, Spain
Pretoria, South Africa

30 people
70 people
39 people, 12 countries
49 people
30 people, 10 countries

2000
March
August
September
November

Do Son-Hai Phong, Vietnam
Dujiangyan, China
Panama City, Panama
Montevideo, Uruguay
Galapagos, Ecuador

30 people
40 people
46 people, 8 countries
30 people
10 people

2001
February

May
July
August
September

October

Hobart, Australia
Vitoria-Gasteiz, Spain
Riyadh, Saudi Arabia
Beijing, China
London, United Kingdom
Tashkent, Uzbekistan
Oxford, United Kingdom
Helsinki, Finland
Manila, Philippines

28 people
80 people
27 people, 7 countries
20 people
20 people
45 people, 10 countries
50 people, 15 countries
65 people, 17 countries
20 people

2002
January
March

April

October
November

Shaba Reserve, Kenya
London, United Kingdom
Johannesburg, South Africa
London, United Kingdom
Leiden, The Netherlands
Lisbon, Portugal
Leiden, The Netherlands

40 people
20 people
40 people
30 people
23 people
25 people
20 people, 10 countries

2003
March
May

Ventiane, Lao PDR
Nairobi, Kenya

23 people, 4 countries
still in planning stage
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NEPAD, Lynwood, Pretoria
South Africa
john@nrf.ac.za

One of the complex policy issues that have preoccu-
pied international environmental and trade negotiations
in the past three decades is technology transfer. De-
veloping countries have continuously negotiated for
provisions that are aimed at facilitating transfer of
technology. During the negotiations for the Convention
on Biological Diversity these countries argued that
without transfer of technologies, particularly such new
technologies as biotechnology, from the developed
countries they will not be able to effectively meet the
goals of conservation and sustainable use of biodiver-
sity. Their concerns were partially addressed by Article
16 of Convention. The key challenge now is to trans-
late provisions of Article 16 into concrete programmes
and activities that facilitate transfer of relevant tech-
nologies to developing countries.

This paper will assess the extent to which technology
transfer considerations have been integrated into cur-
rents efforts aimed at implementing the Convention. It
will specifically examine a number of regional and in-
ternational projects financed by the Global Environ-
ment Facility (GEF) to provide an indication of whether
and how Article 16 pro-visions are being implemented.
The paper will demonstrate that effective transfer of
technologies relevant to the goals of the Convention is
undermined by the deterioration of science infrastruc-
ture in developing countries, particularly those of Af-
rica. Implementation of Article 16 of the Convention
should be focused on measures that strengthen and/or
build science infrastructure in universities and public
research organizations. Conservation and sustainable
use of biodiversity are science-based activities, relying
on knowledge-intensive techniques. The GEF and
other institutions that are responsible for supporting
developing countries to meet their obligations under
the Convention should dedi-cate a reasonable share of
their resources to building and strengthening conser-
vation science in developing countries. This paper
shall propose specific measures to stimulate and sus-
tain international focus on science for conservation and
sustainable use.

Department of Science and Technology,
Pretoria,
South Africa
wb19@dacst5.pwv.gov.za

Introduction

The technology profile of countries serves as a status
indicator at the global level of wealth creation capabili-
ties, the capacity to deal swiftly and quite effectively
with the outbreak of infectious diseases, natural dis-
asters and even political turmoil. The less technologi-
cally advanced a nation the more vulnerable its people
and their economy.

Technology is dramatically accelerating the pace of
globalisation and this in turn is creating intense pres-
sures, particularly on developing and least developed
countries i.r.o. a whole range of development chal-
lenges. There is a growing urgency, expressed through
multilateral cooperative development negotiating fora,
to harness technology and the positives of globalisa-
tion to address poverty and issues of sustainable de-
velopment. The CBD is one such instrument.

The recent Johannesburg Summit on Sustainable De-
velopment should be seen as the successful culmina-
tion of tremendous effort on the part of scientists, tech-
nology experts, government policy makers, develop-
ment organisations and civil society to expand con-
ceptual thinking on sustainable development.

It succeeded in going further to bring to the fore seri-
ous constraints to participation facing developing and
least developed countries.

In moving forward on implementing agreements that
were reached, we need to jointly arrive at some under-
standing regarding the intensity behind certain issues
that at times threatened a breakdown in negotiations.
Some of the CBD relevant issues include “the precau-
tionary principle”, commitment to “actions at all levels”
as well as acceptance of “common but differentiated
responsibilities”. Such an understanding might help our
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thinking on the nature of capacity building that is
needed and the appropriate mechanisms to facilitate
successful technology transfer.

For purposes of this discussion, it is also important to
take into account a few of the disparities that are often
evident in the capacities of the different participants
involved in negotiations that can lead to decisions im-
pacting on the lives of so many millions.

Generally those who negotiate have been “capaci-
tated” on the scientific and technical issues by a strong
national knowledge base as well as powerful “interest
groups” within their local industry and business com-
munities. This is not the case for most of the develop-
ing world. It is also important to note the disparities in
the general base of assumptions relating to partici-
pants’ expectations [source of funds/threat to new in-
dustry development] and even related to the actual
point of delivery for implementation of agreed actions
and the availability of capacity (institutional) to deliver.

The presentation focuses on the following areas. The
first two set the context relative to Technology Transfer
and CBD and issues of technology transfer with the
major discussion on the next two and a brief overview
of South Africa’s experiences in these areas.

• Science, Technology and Biodiversity: Issues
and applications

• Understanding Technology Transfer
• Common but differentiated responsibilities:

National context
• Common but differentiated responsibilities:

Global context
• Experience of South Africa

Science, technology and biodiversity:
Issues and applications

With mounting evidence of the impact that technology
transfer can have on issues of poverty and a variety of
challenging impediments to sustainable development,
questions are growing both within the R&D community
and non-technical segments of society on what needs
to be done and where to begin.

Governments, particularly those in developing coun-
tries, need guidance in understanding how science and
technology can be put to work to address develop-
mental problems. I have tried to unpack those areas
within the CBD framework where science and technol-
ogy has a role to play.

In further discussion, and in the context of these areas
set out below, I will examine what we mean by “action
is required at all levels” and that there exists “common
but differentiated responsibility” both at the national
level and at the international level.

• Sustainable use of biodiversity
• Protection of biodiversity
• Conservation of indigenous biological resources
• Risk assessments and expert evidence
• Differentiation between different areas, persons,

species, etc
• Indigenous Knowledge Systems
• Biotechnology
• Biodiversity conservation

Understanding technology transfer

The purpose of this presentation is not intended to
invite debate on perceptions of what is meant by tech-
nology transfer and I will therefore just highlight a few
important aspects relating to it as a process and as a
transaction demanding gains for both the technology
holder and the recipient.

Defining technology transfer
… it’s a process and a transaction
• Technology transfer is the means by which techni-

cal knowledge that is lacking in a specific produc-
tion environment is acquired

• The technology may be equipment, know-how held
in patents and licensed out, available in technical
publications, held by experts, or even widely and
freely available but not easily accessible because
of technical literacy requirements

• Effective technology transfer should result in the
development of sustainable production capacity in
manufacturing, farming or even health care.

• Diffusion of the technology happens when the use
of the technology becomes widespread

It is also important for purposes of this discussion to
look at what some of the underlying problems are, that
impede the effective flow of knowledge and what lev-
ers are available to government in order to influence
technology transfer.

This is important to note as it can also facilitate an as-
sessment of where foreign partners can become en-
gaged both in respect of building capacity in govern-
ments to use its powers and resources as well as in
terms of building capacity of developing country insti-
tutions and industry to assimilate/absorb technologies.

Figure 1 shows that problems relating to ownership of
technologies, the high costs involved in the acquisition
and transfer processes can be mediated by govern-
ment interventions, for example, in terms of appropri-
ately structured and well understood national Intellec-
tual Property regimes that could include A “sui generis”
framework for protecting Indigenous Knowledge.
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The World Trade Organisation has recognised that
there is a critical need for support to be given to devel-
oping countries to build up institutional capacity to do
these things.

In respect of problems experienced in taking and using
technology, practical applications, by communities,
small businesses and even governments in poor
countries, the major issue relates to needs for devel-
oping appropriate levels of technical competence and
demonstrating that opportunities exist for applying the
technologies in ways that can lead to sustainable live-
lihoods.

Such barriers need to be overcome in a way that will
empower the world’s poor to build on capacity to ad-
dress future challenges themselves.

Common but differentiated
responsibilities: National context

Government
If we now revisit those CBD relevant areas identified
earlier in terms of where scientific and technical com-
petence can contribute to addressing issues of poverty
and sustainable development, the following matrix
shows that in most instances government needs a
strong core of scientists and technology experts to
provide technical inputs and insights that guide plan-
ning on policy development, design of regulations and
legislation as well as in decision making when it comes
to declaring, for example, whether a particular area
should be demarcated as a “Protected Area” or when
an application is made for industry development and
information is needed on the impact such activity will
have on the environment.

Concern has been raised in numerous international for
a about the lack of technical capacity in industrially
marginalised countries. This capacity is needed to de-
velop regulatory frameworks and to plan and establish
institutions for generating a critical mass of expertise to
serve national interests.  It can be seen as a serious

stocks of
technology

ownership

costs

acces
s

a b i l i t y  t o
adopt

ability
to

adapt

Technology creators Technology users

Levers of control and influence

Management of IPP
licensing practise
state procurement practice
Support for S&T infrastructure &
services
Technology transfer platforms
Repositories of know-how
Intermediary agents

Development of  competen-
cies/skills

Facilitating access

Promotion of Technical & Quality
Standards

Incentives to innovate

“Creation/stimulation” of demand

no business
interest

Fig. 1 Understanding the problems of technology transfer & diffusion
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impediment to any ambitions to lift them out of the
chronic state of poverty in which they exist. Some of
these countries do have scientists of solid international
standing but they do not have the wherewithal (infra-
structure, support staff and funds) to undertake these
actions.

Scientific research community
There are developing countries that have pockets of
relevant scientific expertise, but there are weak link-
ages between the state and the scientific community
and different but not irreconcilable perceptions on what
needs to be done.  This can be addressed with the
establishment of relevant scientific advisory bodies in
key development sectors.

On the part of the scientific community there needs to
be greater commitment towards shifting the research
focus more strongly to the development problems and
opportunities of that country. Very often this community
is funded primarily through foreign donor agencies,
and secure this funding in terms of priorities defined by
the sponsor. On the part of the state there is a need to
recognise that much of the CBD relevant science and
technology activities are essentially “public good” ac-
tivities.

This means that business is unlikely to pay for it and
governments must plan accordingly to meet the costs
of the work that scientists do to find ways to protect,
conserve, rehabilitate and generate knowledge on bio-
diversity, Where business is inclined to support this
work, it can very often be established that it has a
vested interest in the outcome/findings of the scientific
study or proposal put to government and therefore it is
essential that knowledge generated for “public good”
be supported through state resources.

Society
We can also see that society has a role to play and
very often this can be linked to the responsibilities of
industry, scientists and the government. Society needs
to play a stronger role in protecting our biodiversity but
needs to be empowered to do so. Technical language
needs to be simplified, more information should be
distributed widely on the imperatives for conservation
and sustainable development and society needs to be
drawn more fully into debates preceding decision
making on development issues. This is an area where
industry can also be drawn in to contribute to the re-
sources needed for community based projects and
education campaigns. Advantage must be taken in
respect of the acknowledgement and commitments
made in industry to “plough back” into communities
where industry has generated wealth.

Common but differentiated
responsibilities: in the global context

Attention is focused at this level on the various
strengths that exist within the industrialised world and
what the expectations are for actions to assist poorer
countries to more effectively deal with poverty, the
heavy burden of disease and low levels of education
and technical competency. The next matrix looks at the
role of developed countries as well as that of multilat-
eral development agencies. Just a few examples are
used to make the point.

We have said earlier that governments are in need of a
core of relevant scientific expertise to help in CBD re-
lated decision making. It could also be said that this
expertise helps countries when negotiating on access
to national resources and when procuring public goods
and services.

If we just consider the issues of indigenous knowledge
and sovereign rights in respect of national biological
resources and the critical need for protocols on access
and benefit sharing then a very dismal picture comes
into view of the reality that developing countries face.

Before developing countries can exercise their rights in
actions challenging the use of indigenous resources,
they have the responsibility to establish and police
highly complex systems for protecting indigenous
knowledge that will run complementary to the existing
international intellectual property protection regime and
that will enjoy international recognition.

The existing IP regime has developed over a very long
period of time. It has benefited from contributions from
a wide range of disciplines and the activities that
helped to develop this system drew on resources from
a number of well endowed countries with a vested in-
terest in the structuring of the system. This system
itself is not well understood in the developing world
and the institutional base to allow full participation very
seldom exists. Where it does exist it is usually in the
form of just a registry with no technical infrastructure
nor competency to undertake patent searchers.
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How then can we expect less developed countries to
set up protection regimes that are so complex in order
that the developed world can honour its obligation to
respect the sovereign rights of nations to their indige-
nous resources.

It is possible for developed countries to help with these
problems. Expertise (technical as well as legal) could
be provided to work with developing countries, in-
creased opportunities for training, specially designed
for governments and their agencies could be resour-
ced and implemented in such a way that they run until

a significant number of developing and least developed
countries within designated regions are instutionally
capacitated with the relevant protection regimes.

When it comes to issues of conservation and sustain-
able use of biodiversity, the developing world is criti-
cally short of expertise. Some countries do not have
strong higher education and research institutions nor
the resources to begin generating the right kind of ex-
pertise.

Where there are some institutional platforms, there is
limited exposure to technologies that can make a dif-
ference or scientific knowledge relevant to the deci-
sions that have to be made – very often the expertise
is tied up in heavy teaching loads with neither the time
nor the resources to engage in research and share in
learning from successes elsewhere.

The developed world can provide “affordable” access
to expertise, exposure to its well resourced research
activities and institutions. There is also opportunity to
support networks of learning and specially designed
training both for helping governments plan and develop
regulatory frameworks and for scientists to get training
on policy aspects in relevant fields. This does happen
and many poorer countries have been benefiting from
such actions.

However, there are very often questions on the nature
and focus of the support, and the relevance of the
support to the development problems of the developing
world as well as in respect of the structuring of access
to support. At times the “intentions” of donor countries
are brought into question. It is in this context that mul-
tilateral agencies can be seen to have a stronger role
to play in terms of establishing frameworks for coop-
erative development, mobilising resources, establish-
ing and coordinating inclusive international pro-
grammes designed, for example for developing indi-
cators on biodiversity.
There needs to be greater awareness even within the
multilateral development agency environment also in
respect of frameworks and models that have worked
regarding technology transfer. Cognisance needs to be
taken of the “decentralised” approach where there is a
growing focus on the structuring of the provision of
technical support in accordance with a portfolio of
country defined needs.

Biodiversity issues and
s&t applications

National Perspective
Common but differentiated responsibilities

 Government Industry Society Researchers

Differentiation Regulating proc-
esses
Funding

Accountability Appreciating value
Responsibility

Public domain Scien-
tific/
Technical knowledge

Conservation Policy, regulating
processes, actions

Social dividend Guardianship Public good
S&T best practice

Indigenous Re-
sources

Policy, strategy &
development in-
vestments

Compliance
ABS

Appreciating value
Guardianship
ABS

Recognition, Develop-
ment innovations

Expert evidence Decision making Impact assess-
ment

Appreciating conse-
quences

Scientific/ Technical
knowledge & ethics

Risk  Assessment Decision making Compliance
Accountability

Appreciating conse-
quences

Science based ap-
proach

Sustainable use Decision making on
productive assets

Accountability
Social dividend

Appreciating conse-
quences

S&T best practice

Biotechnology Policy, strategy &
actions

Investment
Accountability
Compliance

Understanding Scientific/
Technical knowledge
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South Africa & the CBD

• Ratified
• Host to the WSSD
• Mandate of Ministry of Environment Affairs &

Tourism
• Coordination of S&T mandate of Ministry of Arts,

Culture, Science and Technology
• “Joined-up” Government : Organising participation

through “Portfolio Clusters” impacting on Econ-
omy, Peace & Security, Social Development,
Governance, etc.

• Senior Officials: Committee on Environmental
Coordination (CEC) and Sub-committee on Biodi-
versity

• Group of Experts (supporting government’s im-
plementation of CBD): consulted by CEC

Biodiversity legislation (draft Bill) 
• Institutionalised framework
• National planning framework (integration & coordi-

nation)
• Provision for bioregions (landforms, vegetation

cover, human culture & history)
• Provision for protection of threatened or protected

species
• Provisions i.r.o. alien and invasive species
• Issuing Authority for permits (regulating restricted

activities)
• Establishment of Scientific Authority

• Monitoring conservation status
• Promotion of research
• Regulation of bioprospecting, access and benefit

sharing
• Risk assessments and expert evidence

Other Key Policies, Strategies, legislation and
interventions
• GMO legislation (under review)
• National Biotechnology Strategy (Public Under-

standing on Biotechnology almost 10% of strategy
funds)

• National R&D Strategy (includes mission areas on
resource-based industries as well as on poverty
reduction)

• Indigenous Knowledge Systems Policy & Legisla-
tion (draft stage)

Biodiversity issues
and s&t applica-
tions

Global Perspective
Common but differentiated responsibilities

 Developing countries Multilateral Agencies Developed Countries

Differentiation Regulated systems,
Information & other re-
source facilities

Facilitating harmonisation
Building institutional capacity
& HR

Cost and quality of access
to
Technical Assistance

Conservation Recognition of national &
global assets,
Guardianship functions

Biodiversity indicators
Frameworks for cooperative
actions e.g. GEF, TC Pro-
gramme of IAEA, etc

Responsibility
Development cooperation

Indigenous Re-
sources

Protection, Development,
Access & Benefit Sharing

Frameworks for cooperative
actions

Recognition of sovereign
rights,
Development Cooperation

Expert evidence Scientific/ Technical/
Negotiation competencies

Building institutional capacity
& HR

Cost and quality of access
to
Technical Assistance

Risk  Assessment Regulated systems, Facilitate common approach Cost and quality of access
to
Technical Assistance

Sustainable use Managing production and
consumption practices

Frameworks for cooperative
actions

Development Cooperation

Biotechnology Human capital formation,
technology platforms

Frameworks for cooperative
actions

Development Cooperation
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• Traditional Healers Legislation (draft stage)
• National Technology Transfer Strategy (work in

progress)
• Institution capacity building, HRD and knowledge

networks (South African Environmental Observatory
Network(SAEON), South African Biosystematics
Initiative (SABI), SA/GBIF node-work in progress,
ICGEB membership, ICSU membership,
SA/Norway Research and Technical Cooperation)

The National Biotechnology Strategy Addresses the
primary means by which government can influence de-
velopments…

• The legal and regulatory framework
• Institutional arrangements
• Evaluation, monitoring & communication in-

struments
• Creation of new infrastructure
• Development of research capacity
• Development of business ventures
• Funding mechanisms

National Biotechnology Strategy:
The strategy development process helped to generate
an awareness within government, the higher education
sector, research community and industry of the need to
engage in the following R&D and Technologies
• Diagnostic tools
• Drugs and vaccines
• Disease detection
• Nutritional content
• Toxicity
• DNA fingerprinting
• Disease resistance
• Improved crop yields
• Environmental impact
• Bioremediation
• Energy consumption
• Carbon dioxide emissions
• Industrial Bioprocessing techniques
• Minerals exploration
• Minerals processing

The highly consultative process also helped to generate
an awareness of the need to invest in the following HRD
areas
• Molecular Biology
• Bioinformatics
• Information Technology
• Engineering
• Statistics
• Genetic Epidemiology
• Business Management
• Product Development
• Legal Practice
And in respect of the following infrastructure and institu-
tional facitlites
• Biological Resource Centres
• Biopharmaceutical Resource Database

• Bioinformatics Networks
• Improved SAPTO database (patents Office)

IKS Policy

Policy area Sector
• Folklore, traditional

music & dance, cul-
tural artefacts and
language

Arts, culture & heritage

• Traditional medicine Health
• Traditional agriculture Agriculture
• Commercial activity,

intellectual property,
innovation

Trade & Industry and
Science and Technology

Working as a collective and understanding the key is-
sues government recognised the need for a broader all-
encompassing policy to provide the following institution-
alised instruments:
• A high level advisory function to government on IKS

matters
• A regulatory body, acting as a custodian of national

policy i.r.o. matters relating to the rights of knowl-
edge holders [includes recordal system}

• An agency with a supportive role for communities
and IK holders

IKS Policy Drivers
• Affirmation of African cultural values in the face of

globalisation (Giving expression to an African intel-
lectual personality, addressing the erosion of cul-
tural building blocks, recognition and protection of
cultural and intellectual property)

• Services provided by traditional healers (Advan-
tages for largely very poor communities in terms of
accessibility and affordability, issues affecting the
practice of traditional medicine)

• Contribution of indigenous knowledge to the econ-
omy (Incentives for addressing the absence of “ad-
ditivity” in innovations in IKS, traditional practices
can involve logical adaptations to risk and may be
structured in a the context of sustainable develop-
ment, offers sustainable employment creation ca-
pacity particularly in terms of power held by com-
munities over this knowledge base)

• Interfacing with other knowledge systems (Linkages
with science base surfaces critical opportunities for
new products and opportunities, previously IK and
resources were seen as common heritage, individu-
alistic nature of IP regimes, protection systems
other than patents).
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Ministry of Fisheries and Marine Resources,
Windhoek,
Namibia
boelofsen@mfmr.gov.na

Introduction

Fisheries Management is not about managing fish, it is
about managing people.  To be able to successfully
manage a fishery one must therefore be able to manage
the stakeholders successfully.  The key to the success-
ful management of people is to avoid conflict and should
conflict develop to resolve it as soon as possible. The
long-term management goals managers have for a re-
source should be shared and supported by the users of
the resource. This calls for transparency in manage-
ment in giving the stakeholders co-ownership of those
processes that involves assessing the state of the stock.
It is only if the users of a resource have confidence in
the assessment of the state of the stock that they will
support the management measures based on the as-
sessment.

Areas of conflict in the Namibian fisheries are as fol-
lows: (This focuses on national issues and does not
take into consideration conflict at international level.)

1. Conflict between different users of the marine envi-
ronment e.g. seabed mining and fishing.

2. Conflict between different fisheries e.g. gear-conflict.
3. Conflict between government bodies responsible for

fisheries management and non-government organi-
zations.

4. Conflict between right holders in a fishery and the
Government body responsible for setting catch limits
where catches are limited in one way or another.

5. Conflict between right holders within the same
fishery.  This normally evolves around competition
for shares of the catches.

6. Conflict between right holders in different fisheries
e.g. pilchard and horse mackerel.

Much of the underlying reasons for poorly managed
fisheries centers around point 4 above.  In this context I
am not purporting that governments without exception,
manage all fish stocks wisely and conservatively. I am
also not suggesting that industry will always be villains

in trying to get governing bodies to set catch levels that
cannot be sustained. However we all know that, with
few exceptions, this is the rule in the fisheries world.
Point 5 also often results in lobbying for higher total al-
lowable catches but the rest of the issues mentioned
above are marginal to the problem of sustaining re-
sources.

Avoiding conflicts & building trust

To prevent the development of conflicts between the
managers and users of a resource the management of
resources needs to be,
• Transparent
• There need to be a high level of trust between the

players
• Managers and users must share the responsibility

of managing resources in a sustainable way.

In the management process it is especially important to
ensure that the users are confident that decisions on
harvesting levels are based on trustworthy data.  This
confidence is only possible if the process of gathering
and analyzing data is transparent to the users. Confi-
dence in management actions, if these are sound will
then follow logically.

Both scientists and managers are however painfully
aware of the fact that the more insight the users gain
into research the easier it gets to question results. The
intuitive reaction of managers and scientists may be to
avoid exposing our “soft belly” to criticism by the users
(industry) by keeping them ignorant of the variation,
uncertainties etc, in the data used in stock assessment.
This can lead to very polarized and tense relations be-
tween industry and researchers unless the situation can
be defused by bringing industry into the process of
gathering and analyzing the data.  By doing this industry
not only get to understand, in broad terms, how data is
generated and analyzed, but also becomes co-owners
of the data and the results that flows from the data.

Such co-operation diminishes suspicion and builds trust.
“Unfounded” criticism, of stock assessment results by
users, stemming from not understanding the scientific
methodology, which is applied, should decrease.  “Un-
founded” claims about the state of the stock lose credi-
bility and lobbying of politicians becomes more difficult if
it is widely known that co-operation between industry
and researchers are in place.  Rogue members of in-
dustry attempting to undermine the general consensus
between researchers and industry have to face criticism
from informed members of industry.

It must be clearly stated that the involvement of industry
in the process should not include a direct influence or
input on the level of the TAC that is recommended to
government.  In Namibia, the process that leads to the
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setting of TAC`s is statutory. It involves the Marine Re-
sources Council’s advice as well as that of the research
staff and senior managers in the Ministry to the Minister
responsible for fisheries.  The Minister, after considering
all the advice makes the decision on the TAC and
communicates his decision to Cabinet for endorsement.
In this process industry have a further opportunity to
make an input into the advice that goes towards the
setting of a TAC. Through the representatives of Indus-
try on the Marine Resources Advisory Council inputs
are made in the debate on the validity of the scientific
data upon which the Council bases it’s recommenda-
tions to the Minister.

The transfer of technology, skills and
“tricks of the trade”

In the gathering of data, the analysis of the data and the
eventual assessment of the stocks, technology, skills
and “tricks of the fishing trade” inevitably gets trans-
ferred between the different partners.

In Namibia, the main partners in this process have been
the resource users (industry), the fisheries research
scientists working for the Namibian government and
various experts from donor countries, the FAO as well
as private and public institutions.  The latter group will
be treated as a single component because of the com-
mon factor of bringing in skills and technology from the
“outside”.  To illustrating the contributions of the differ-
ent groups and the flow of skills and knowledge be-
tween the groups the situation in rock lobster, hake,
orange roughy, pilchard and monk is considered.

Rock lobster
Conflict arose between the rock lobster fishermen and
the marine diamond mining industry that operates in
relatively shallow water with diver operated suction
pumps.  The pumps airlift the diamondiferous gravel on
board small craft or pump it on land.  As the diamonds,
because of their high specific gravity tend to accumulate
right at the bottom of crevices and gullies mining natu-
rally overlaps with the rocky habitat of lobsters.

Allegations that the mining operations caused the near
collapse of the lobster resource in the early 1990’s led
to donor (GTZ) assisted research into the effects of the
mining.  It was however soon realized that neither of the
two parties in conflict would accept research “spon-
sored” by the “rival” industry. Once this was realized the
need to get the two parties around a table to discuss
their differences was clear and series of meetings were
held over a period of almost seven years. These meet-
ings became known as the ‘Luderitz Forum’. The meet-
ings started off as an informal round-table discussion
where the two industries could air their views and cul-
minated in an international symposium in Luderitz in
2000.

The Luderitz Forum appointed a steering committee
consisting of members of both industries with the man-
date to develop terms of reference for studies to look
into the impact of mining on rock lobster.  These studies
were co-financed by the two industries, the consultant
teams were decided upon by consensus. The results,
which indicate that the mining activities had little or no
effect on the lobster resource were accepted by both
parties.  This effectively put a stop to the lobbying of
politicians and the press by fisherman and rock lobster
company managers in an effort to curb or stop mining.

The international symposium planned by the Forum was
held in 2000, and endorsed the findings of the “Forum”
and formulated recommendations on the future co-
management of seabed mining and the living renewable
resources.

Flowing from the recommendations of the Forum, the
stock assessment work on lobster was peer reviewed
by participants in an international workshop (sponsored
by the Nansen program) in Luderitz. Industry represen-
tatives also attended the workshop. This workshop was
held shortly before the symposium and the recommen-
dations from the workshop were presented at the sym-
posium. This process is to be continued from time to
time to monitor and update the progress in the imple-
menting the recommendations of the first workshop.
In the process the two industries got to know the other
better and the technologies used and the way in which
the industries operate is now better understood. The
animosity between the two industries is now all but gone
but the situation will have to be carefully monitored.
New entrants into the two industries might have to be
“educated” from time to time to sustain the trust be-
tween the two industries.

Hake
The Norwegian research vessel, the Dr Fritjof Nansen
was used in the early 1990ies to do swept area surveys
on hake. This assistance came right after independence
before Namibia got the R.V. Benguela back from South
Africa and was still negotiating with Japan for donation
of the R.V. Welwitschia”.   Initially the Nansen swept
area results were used as an absolute estimate of
abundance, which resulted in a pessimistic view of the
resource and therefore low TAC’s (60 000mt in 1992).
This prompted industry to contract scientific advisors
(the South African based company OLRAC). The results
of the assessment by OLRAC differed widely from the
swept area estimates. This led to heated debates but
did not assist much in guiding Namibian fisheries man-
agers on what the real state of the hake stock was. To
resolve the impasse the University of Cape Town based
stock assessment group (Marine Resources Assess-
ment Group, MRAC) was contracted by the Ministry to
develop an Interim Management Procedure (IMP) for
hake.  This approach was accepted by industry after a
meeting in which the IMP approach was debated with
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Industry and its consultants. Industry accepted the ap-
proach and offered to co-finance the work of MRAC on
developing the IMP. The Commercial CPUE as well as
the survey results from the R.V. Nansen was used as
input data into the surplus production model that was
developed to support the IMP.   In time commercial ves-
sels were used to do the swept area surveys after ex-
tensive inter calibration between the R.V. Nansen and
the commercial vessels.

The deployment of an industry, rather than the research
vessel of the Ministry, was done for two reasons.
• Firstly, the Namibian research vessel, because of its

small net drums and winch capacity is ill suited to
do such surveys.

• Secondly, industry doubts results generated by a
research vessel, manned by officers and crew that,
in the opinion of industry, does not have the exper-
tise to fish as effectively as professional fisher folk.
The combination of a commercial trawler with re-
search gear supplied by the Ministry and manned
by professional fisherman and Ministry scientists
addressed the criticism and increase the credibility
of the results.  Through this process industry, as
well as the Namibian scientists profited from the in-
puts of the Norwegian scientists and other expertise
in having been exposed to the skills and technolo-
gies of the counterparts.

This approach however does have its negative effects
and the additional variance in the data because of the
use of a different vessel every few years is acknowl-
edged. This is however kept in check as much as pos-
sible by attempting to use the same vessel with the
same key personnel for at least three to five years in a
row.   The additional variance introduced by using a
commercial vessel is however more than compensated
for by the growing appreciation of and trust in the results
produced by the joint efforts of the two parties.
Once the survey results are available the hake working
group, consisting of industry representatives, scientists
and management staff of the Ministry, meets and de-
bates the survey and the commercial CPUE results and
the way the results are applied in the surplus production
model used in the assessment process. The working
group then agree, on a consensus basis, about the
state of the hake stock, which leaves the task to the
Ministry scientists and managers to recommend a TAC
to the Minister.  In this process the agreed rules of the
IMP and as of this year the OMP (Operational Man-
agement Procedure) is applied by the scientific staff to
generate the TAC that gets recommended.

In the process the Namibian industry and scientists
have benefited from the knowledge and skills of Norwe-
gian scientists on swept area surveys.  In addition,
through using the survey data as input data into the
surplus production model to be able to invoke the OMP,
both industry and the Namibian scientists now have a

good grasp and appreciation of the stock assessment
process. In general this has led too much better rela-
tions between industry and scientists and constitutes a
sound foundation for the future management of the Na-
mibian hake stock.

Pilchard
In general players in a fishing industry are usually less
at loggerheads when the stock is in a good condition.
The acid test for relations comes when the stock is low
and severe cuts in the TAC become necessary.  The
Namibian pilchard stock and the relations between
ministry, scientists and industry is a good example of
this.

The pilchard stock twice in ten years reached critically
low levels.  The first low biomass was recorded in 1994
and the second in 2002.

Since independence the assessment of the pilchard
stock went through an evolutionary process.  Immedi-
ately after independence, not having had the technology
(no scientific eco-sounder nor a research vessel) to as-
sess the biomass directly, the Namibian researchers
developed and implemented a “school counting” as-
sessment method.  The scientists went out on dedicated
commercial vessels, observed schools of pilchard with
sonar and recorded the sizes and densities of he
schools. This information, in consultation with industry
skippers who gave input into “guestemating” the ton-
nages of schools of different sizes and densities was
creatively added up to get to a total biomass.   This was
not very “scientific” but it was the best that could be
done at the time.  It turned out however that when a
survey was done with the EK 400 on the Dr. F. Nansen,
the results confirmed the school counting estimates.

From here we promoted to using the RV Benguela and
the RV Nansen (the old Nansen) both of which were
fitted with EK 400 eco-sounders.  In 1994, with the arri-
val of the RV Welwitschia, fitted with an EK 500 the trust
in the survey results should have increased.  As this co-
in sided with a low pilchard biomass, the opposite hap-
pened and industry was very vocal in their criticism of
the survey methodology, timing of survey etc.  The
management solution to this problem was again to draw
industry into the assessment process.  Industry now
gives input on the best time to do the survey.  (When
the phase of the moon, the wind, the tides etc is in the
opinion of industry, optimal)  It does cause strains on
planning the schedule of the research vessel and will
probably draw comments from purist scientists in that
the survey does not take place at exactly the same time
each year but the gains in having industry in the loop
more than compensates for these “shortcomings”.

From 1997 onwards purse seiners accompany the RV
Welwitchia, seek for pilchard shoals and guide the re-
searchers to the areas is then surveyed. The technicali-
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ties of the survey is not often fully understood by the
skippers of the purse seine vessels and is often still
hotly debated.  A senior purse seine skipper is carried
on board the RV Welwitchia who is free to ask ques-
tions and to scrutinize the methodology used.  He acts
as a go-between between the research vessel and the
skippers on the purse seiners.  A log is kept and any
difference of opinion is recorded for later reference.
This modus operandi means that the industry has the
privilege of having an influence on when the survey
takes place, can follow the process closely, can audit
results obtained and gets feedback oral feedback on
results in a debriefing meeting that is held shortly after
the survey is completed.

In 2002 when the survey result indicated the biomass to
be very low industry accepted the zero TAC that was
announced without resistance, as they were fully aware
and convinced of the seriousness of the situation.
It is generally agreed that the assessments done with
eco-sounders does have inherent problems such as
vessel avoidance by schools, dead areas etc. Namibian
scientists are still hoping to participate with Norwegian
colleagues in the development of a sonar suitable for
stock assessment.

Orange roughy and monk
Similar co-operation between Ministry researchers and
industry can be quoted in the orange roughy and monk
industries where working groups also exists, meet
regularly and where stock assessment work is funded
jointly by the Ministry and industry.  Co-operation was
especially close in the experimental phase of the orange
roughy fishery.

Industry, Ministry and scientists and co-financed con-
sultants (MRAG) worked closely together in the working
to make management recommendations to the Minister.

The monk industry likewise work together closely with
Ministry scientists and actively participate in surveys
sponsoring gear for and processing the fish landed
during surveys.

Results and conclusion

The Namibian fish stocks are managed in what is gen-
erally regarded in an exemplary way. Namibian manag-
ers have been cautious not to allow the training of Na-
mibian researchers to be done at one institution only
and have thus avoided the Namibian fisheries research
philosophy to be come a clone of one particular donor
institution. In this respect the altruistic contribution of
Norway has to be mentioned. The Namibian approach
was encouraged by Dr, Gustav Klem, who had an im-
portant influence on the Norwegian assistance to Na-
mibia. As a result Norway supported Namibian students
to study at institutions in e.g. Australia. This cross fertili-

zation of ideas from various schools all over the world is
paying off in that Namibian scientists in the 13 years
since independence have really progressed in the qual-
ity of the service that is provided to the Namibian fishing
industry.

The nomination of NatMIRC by some members of the
Namibian fishing industry for an award in recogition of
the services rendered may be mentioned. A Madrid
based organization, “Business Initiative Directions an-
nually accepts nominations and put the motivations from
the proponents to a vote amongst members of the or-
ganization for recognition of “quality and excellence” in
the business world, NatMIRC was awarded the “gold
Star “ award and the Hon Minister of Fisheries and Ma-
rine Resources accepted the trophy on behalf of Nat-
MIRC and the Directorate of resource Management,  in
Paris on 2 June 2003. This award bears testimony of
the recognition that comes from the Namibian fishing
industry for the excellent relationship that exists be-
tween scientists and managers in the ministry on the
one had and the industry on the other.

This recognition would never have been possible with-
out the transfer of knowledge, the capacity that was
created and the trust that was built between the Na-
mibian industry, and the Namibian and other scientists
that contributed to this process.

In the final analysis the resources in Namibia are the
ultimate beneficiaries in being managed and used in a
sustainable way.
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United Nations Forum on Forests Secretariat,
New York, USA
tavora-jainchill@un.org

Mr. Chairperson,
Distinguished participants,
Ladies and gentlemen,

I am honoured to deliver this statement on behalf of the
Coordinator and Head of the Secretariat of the United
Nations Forum on Forests, Mr. Pekka Patosaari, who
sends sincere regrets that he is unable to be here this
week, due to previous commitments.

First of all, I would like to thank the hosts of this confer-
ence, the Norwegian Ministry of Environment, in col-
laboration with the United Nations Environment Pro-
gramme, as well as its organizers, the Norwegian Di-
rectorate for Nature Management and the Norwegian
Institute for Nature Research, for putting this meeting
together in this gorgeous city of Trondheim. I am posi-
tive that, inspired by these beautiful surroundings and
by the high quality of the presentations, in the next few
days we will be able to hold very fruitful discussions,
which will contribute to the international dialogue on
technology transfer and capacity building as a whole.

Mr. Chairman,
As we look back at the Earth Summit of 1992, it is clear
that the goal of sustainability is highly dependent on
availability of scientific and technological information.
But it also depends on access to, and transfer of, envi-
ronmentally sound technologies. The issue of technol-
ogy transfer has been strongly underlined in the Plan of
Implementation of the World Summit on Sustainable
Development, which was agreed to at Johannesburg,
South Africa, in September 2002 at the highest political
level.

Technology transfer cuts across all sectors and is in-
separable from capacity building. These terms are om-

nipresent in various conventions, agreements, pro-
grammes, plans and projects. Indeed, the efficiency and
sustainability of the transfer of technology to developing
countries rely on building the appropriate human and
institutional capacities. In turn, technology transfer and
capacity building depend on international cooperation
and the provision of appropriate financial assistance.
Over the last years, most efforts have focused not on
developing new environmentally sound technologies,
but rather on promoting access to them.

The issue of transfer of environmentally sound tech-
nologies for the sustainable management of forests has
been highly discussed in the Intergovernmental Panel
on Forests and Intergovernmental Forum on Forests
processes and likewise continues to receive significant
attention in the UNFF.

As a key intergovernmental policy forum, established by
the United Nations Economic and Social Council, with
universal membership, the UNFF facilitates and coordi-
nates implementation of sustainable forest management
at all levels through performing a set of principle func-
tions. This includes among others, to take steps to de-
vise approaches towards securing appropriate financial
resources and technology transfer.

The United Nations Forum on Forests is also called to
advance implementation of 16 elements in the UNFF
Plan of Action. One of these 16 elements focuses on
“international cooperation in capacity building, and ac-
cess to, and transfer of, environmentally sound tech-
nologies to support sustainable forest management.”

During the Third Session of UNFF, that just took place
in Geneva, there was an important decision on the
creation of three “ad hoc” expert groups. One of those
will discuss, before the end of this year, the issues of
technology transfer and finance, which, together with
capacity building, are considered the means of imple-
mentation for all the items of the Forum and are dealt
with throughout all aspects of their consideration.

In this regard, I would also like to mention the offer of
the Republic of Congo to organise in Brazzaville, in
February 2004, a Global Workshop on the Transfer of
Environmentally Sound Technologies and Capacity
Building for Sustainable Forest Management. The Se-
cretariat of the United Nations Forum on Forests has
been honoured with the request of the Congolese Gov-
ernment to help facilitate the event at hand and we look
forward to receive the support of the international com-
munity the meeting deserves, not only due to the timeli-
ness and importance of the topic, but also because it is
fundamental to stimulate an active participation of Africa
in this discussion.

Now I would like to seize this opportunity to elaborate
on the international arrangement on forests, the way it
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works in the practical sense and its uniqueness. As you
are aware, the same resolution that created UNFF also
invited the heads of relevant organizations, institutions
and instruments to form a Collaborative Partnership on
Forests - CPF - to support the work of the Forum, to
enhance coordination and cooperation among partici-
pants, as well as to call upon their governing bodies to
support the activities of the CPF to achieve the goals of
UNFF.

There was a similar body during the IPF/IFF era, the
Inter-Agency Task Force on Forests –ITFF. But the CPF
goes beyond ITFF. First, CPF was established at the
invitation of the Economic and Social Council of the
United Nations and is considered to be a part of the
international arrangement on forests along with UNFF.
ITFF was a more informal arrangement. Second, CPF
builds on the past experience of ITFF but has more
highly evolved ways of working. I believe CPF is a re-
markable arrangement and I strongly recommend that
you take a look at its work streamlining forest-related
reporting, as well as at the CPF Sourcebook, which tries
to identify and collate information on the sources of
funds and funding policies in support of sustainable for-
est management. It is very high quality work and it does
help countries make more informed decisions.

As you can see, UNFF is not an implementing body or a
financing mechanism to support national level imple-
mentation.  Implementation is primarily the responsibility
of countries, facilitated by international and regional
organizations and instruments and various stakeholder
groups.  This is where the CPF comes in.  In support of
the UNFF, the Collaborative Partnership on Forests
contributes actively to the implementation of the IPF/IFF
proposals for action, including through their technical
and financial resources.

The CPF exists because no one organization has the
capacity or mandate to deal with the full range of forest-
related needs in a comprehensive manner.  In fact, sev-
eral organizations have unique strengths to offer, and
through this partnership they add value, as a whole, to
the forests dialogue and contribute to the work of the
UNFF.  Presently, there are 14 member organizations in
CPF, and I am pleased to note that there are CPF
members present at this meeting, beginning with UNEP
itself.

Having said that, allow me to introduce the IPF/IFF Pro-
posals for Action that deal with technology transfer and
capacity building for sustainable forest management.
Normally technology transfer is viewed in the interna-
tional forest dialogue in a pragmatic manner, as the
transfer and sharing of techniques, of knowledge that
support the achievement of sustainable forest manage-
ment.  Capacity building would be, in this sense, the
empowerment of individuals or institutions so that this
knowledge, this information, can be used in order to

achieve sustainable forest management. Our approach
to those issues, therefore, differs a bit from other similar
fora within the United Nations system, where technology
transfer and capacity building sometimes are viewed
almost as theoretical concepts.

There are several IPF/IFF Proposals for Action that deal
with technology transfer and capacity building, and they
appear related to several areas of discussion within the
forest processes. Because they are so diverse, it is diffi-
cult to summarize them. But some interesting attempts
have been made and today I will use one of them as
reference; it is a very useful tool provided to the interna-
tional community by the Australian Government in 2000
entitled “Summary of Proposals for Action”. In this
booklet, edited by the Department of Agriculture, Fish-
eries and Forestry of Australia, the IPF/IFF Proposals
for Action which deal with Technology Transfer and Ca-
pacity Building were put in six different clusters5:

1. Assess, taking into account gender disaggregated
data, the technological requirements necessary to
achieve sustainable forest management.

2. Enhance cooperation and financing to promote ac-
cess to and transfer of environmentally sound tech-
nologies.

3. Facilitate capacity building within national forest pro-
grammes to implement sustainable forest manage-
ment and the IPF/IFF Proposals for Action, including
strengthening and supporting institutions involved in
forest and plantation management and supporting
indigenous people, local forest dependent communi-
ties and forest owners.

4. Support developing countries to increase down-
stream processing and community based processing
of wood and non-timber forest products.

Promote the dissemination and sharing of environmen-
tally sound technologies to end-users, particularly in
local communities, including through efficient use of
extension services.

Strengthen education and training for women in com-
munity development programs including the growth

                                                       
5 During the Third Session of the United Nations Forum
on Forests (Geneva, May 26th to June 6th, 2003) the
Australian Government, together with the Program on
Forests at the World Bank, released a new “Summary of
Proposals for Action- Implementing the Proposals for
Action of the Intergovernmental Panel on Forests and
the Intergovernmental Forum on Forests” which goes a
bit further and includes in the comparison tables ele-
ments of the expanded programme of work on forest
biological diversity of the United Nations Convention on
Biological Diversity.
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and use of fuel wood and the use of energy efficient
cooking technology and ensure women benefit from
the transfer of environmentally sound technologies.

I would like now to show how CPF members have been
supporting the work of UNFF by supporting the imple-
mentation of the IPF/IFF Proposals for Action. Let’s be-
gin by the end, with cluster number 6, strengthening
education and training for women in community devel-
opment programs.

While researching for the preparation of this lecture, I
came up with a project from the International Tropical
Timber Organization- ITTO, member of CPF, which fits
perfectly in this category. It is entitled “Participatory
Tropical Forest Development by Women in Indigenous
Communities” and the implementing agency is the 31st
December Women’s Movement, an NGO from Ghana.
The project, which is still operational, aims at supporting
this NGO and the indigenous communities in the East-
ern region of Ghana to develop a community plantation
of teak integrated with other indigenous timber species.
The idea is to improve the living standards of rural
women living in the project area, restore the integrity of
a degraded forest reserve and increase the supply of
timber for trade.

I don’t know for sure whether the two issues are linked,
but I would like to let you know that the focal point for
women in the UNFF multistakeholder dialogue is a
woman from Ghana that comes from the NGO commu-
nity. Projects like the one I just described empower
women, build their capacity, and that is what the IPF/IFF
Proposals for Action are about.

Now I would like to go to summary number 3, which
refers to facilitating capacity building within national for-
est programmes to implement sustainable forest man-
agement and the IPF/IFF proposals for action. In this
regard, may I mention that the Food and Agriculture
Organization – FAO has created the National Forest
Programme Facility, which links FAO with other national
information providers and knowledge sources, facilitates
the exchange of knowledge and develops a forest in-
formation web platform and dynamic methods of infor-
mation exchange. Also at the country level, it focus on
supporting civil society participation in national forest
programmes, as well as on improving access, use and
sharing of information and knowledge, through the pro-
motion of, for instance, workshops, fora and in-service
training. In other words, the facility supports countries
and their interest groups to improve national forest pro-
grammes development and implementation.

Finally, allow me to come to cluster number 5, the pro-
motion of the dissemination and sharing of environ-
mentally sound technologies to end-users, particularly in
local communities, including through the efficient use of
extension services. In my research I encountered a

project in the ITTO database that, I believe, tries to fulfill
this objective in a very pragmatic manner.

In areas like the Amazon rainforest, where just a limited
number of species are sought after by loggers, the con-
sequent deforestation can be much diminished if a
technique called “Reduced Impact Logging” is used. It
has been shown in the past that, with the appropriate
provision of information and training, “Reduced Impact
Logging” does produce quick and positive results.

The project at hand comprises a strategy designed to
develop the human resources in the forest sector of
Amazon Basin countries, which consists initially of prac-
tical training courses targeting forestry professionals at
all levels and tailored to their diverse needs and inter-
ests. Its second component aims to promote interest in
sustainable forest management practices and in “Re-
duced Impact Logging”, as well as to raise awareness
about the importance and benefits of use of the tech-
nique among the numerous forest stakeholders. This
entails mainly extension work consisting of lectures,
small seminars, and workshops. At least 400 people are
expected to participate in these events.

Distinguished participants,
As I have said before, the CPF members support the
UNFF by contributing actively to the implementation of
the IPF/IFF proposals for action, including through their
technical and financial resources. It is my belief that
therein lies a great strength of the international ar-
rangement on forests. The initial results of UNFF and
CPF’s supporting efforts are there to be seen. I strongly
believe that, with the support of the international com-
munity, we have a bright future ahead of us and we will
be able to bring into reality the goal of achieving wide-
spread sustainable forest management.

Thank you very much, Mr. Chairman
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Natural Resource Management Programme,
International Centre for Integrated Mountain
Development (ICIMOD),
Kathmandu, Nepal
esharma@icimod.org.np

Introduction

The Hindu Kush-Himalayan (HKH) region with an area
of 4.3 million sq km sustains about 150 million people
and has an impact on the lives of three times as many
people living in the downstream. In terms of biodiversity,
parts of the HKH region is one of the ten mega-centres
in the world, endowed with a rich variety of gene pools,
species, and ecosystems of global importance. In rec-
ognition and realization of this, region's member coun-
tries such as Afghanistan, Bangladesh, Bhutan, China,
India, Myanmar, Nepal and Pakistan, are signatories to
the 1992 Convention on Biological Diversity (CBD),
whose commitment was renewed during the World
Summit on Sustainable Development (WSSD) in 2002.
Integrated use of mountain natural resources by moun-
tain households provides food, water, fibre, implements,
medicines, energy, housing, and cash-generating prod-
ucts upon which mountain people depend for their sur-
vival. Approximately 39 per cent of the HKH consists of
pasture, 21 per cent is forest, 11 per cent is protected
areas, and 5 per cent is agricultural land. The environ-
mental services provided by these natural assets are
the basis for the physical security of mountain people
living in these areas and ensures the sustainability of
their production systems into the future.

Despite the ecological and economic importance of the
forests of the HKH, these ecosystems have been sub-
jected to great stress and continue to face multiple
threats (Brooks et al. 2002). Deforestation and forest
degradation in the region continues unabated and if the
current trends are to continue, much of the region’s bio-
diversity would be lost in near future (Menon et al. 2001;
Brooks et al. 2002). Even the protected areas such as
national parks and wildlife sanctuaries face tremendous
pressures from communities living inside and outside
the forests especially from resources extraction,
poaching, invasion by exotic species, mining, and un-
regulated tourism. The socio-economic conditions of
people living in the mountains are far below than that of

the lowland due to limited land resources and livelihood
options. There is an inexorable link between poverty
and environmental degradation, both reinforcing each
other. Thus the most pressing challenge in the HKH
region, and elsewhere in the mountains, is to conserve
biodiversity and at the same time improve the liveli-
hoods of communities dependent on natural resources.
With an exception of some examples in Nepal and In-
dia, we are yet to devise a system that would effectively
involve local communities in conservation and man-
agement of resources.

In many rural mountainous areas forests and pastures
are the only source for fodder, fuelwood and timber
available to ever marginalised mountain people (Purohit
and Nautiyal 1987; Thapa and Weber 1990; Rai et al.
2002); due to easy access and simple to use (Eckholm
et al. 1984; Blaikie 1985), and other commercial
sources of energy are beyond their reach as there are
difficulties on access, high prices and limited supply
(Sharma et al. 1992). In the HKH region most of the
mature forests have been lost during the past century,
often due to unsustainable levels and ways of exploita-
tion (Brown et al. 1991; Thapa and Weber 1990; WRI
and IIED 1987). Therefore, depletion of forest resources
has directly aggravated the pressures on rural liveli-
hoods through shortage of natural resources such as
fuelwood (Thapa and Weber 1990; Chettri et al. 2002).
Some eminent examples of promoting institutional,
technological, and policy innovations for community-
based management of natural resources for biological
sustainability in the HKH region are joint forest man-
agement in India and community forestry in Nepal.
These are further strengthened by enterprise based
community involved biodiversity conservation where
medicinal plants, non-timber forest produce and
ecotourism have brought substantial benefits to the lo-
cal people that provided incentives for conservation.
Transboundary landscape development for conserva-
tion by involving local communities on corridor strength-
ening for connectivity of protected areas between vari-
ous countries in the Eastern Himalaya is evolving as a
model for the region. This provides opportunities for
local and regional benefits that serve both sustainable
use of biological resources and global conservation
goals. This paper examines some examples of sustain-
able biodiversity management practices in the HKH re-
gion that enhances our understanding for drawing ap-
propriate policies on both technological and institutional
aspects of development and conservation of biological
resources.

Biodiversity, values and services

The CBD, Agenda 21 and WSSD recognise and respect
rights of the communities in the management of natural
resources and further involvement of people and com-
munities in their conservation. The objectives of the
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CBD are; (a) conservation of biodiversity, (b) sustain-
able use of its components, and (c) fair and equitable
sharing of benefits arising out of the use of genetic re-
sources. CBD defines biological diversity as the vari-
ability among living organisms from sources including,
inter alia, terrestrial, marine and other aquatic ecosys-
tems and ecological complexes of which they are part
that includes diversity within species, between species
and of ecosystems. The convention stresses sustain-
able use of biological resources having the main pur-
pose for preservation of flora and fauna for the benefit
of humanity (utility value) and for their intrinsic value. It
also recognizes that maintenance and recovery of vi-
able populations of species in their natural habitats is
crucial to the maintenance of biological diversity. The
convention pays special attention to biodiversity related
indigenous knowledge and intellectual property rights.

Values of biodiversity could be of both use and non-use,
in the past conservation mainly focused on non-use and
existence values. Emphasis placed on different values
of biodiversity is changing with time. It is realized that
besides current values (utility, function and
beauty/recreation) the future value of biodiversity is
equally important. Biodiversity provides ecological
services in many forms and some of them are soil, wa-
ter and nutrient conservation (watershed protection),
abatement and filtration of water and air pollutants, flood
control, positive impacts on climate change, carbon se-
questration etc. Therefore to understand the importance
of biodiversity for human development both the direct
use values (products) and indirect use values (services)
need to be considered in combined form for both, (and
combine) consumptive and non-consumptive use (Adhi-
kary et al. 1999; EU-DFID-IUCN 2001). Biodiversity
friendly management practices of common pool re-
sources at the local level contribute to maintenance of
biodiversity effectively (Fisher 2002).

Participatory forest management and its
impact on biodiversity conservation

Efforts are being made by governments across the
globe since 1980s on decentralization and devolution of
authority for management of forests and biodiversity.
The United Nations Conference on Environment and
Development (UNCED) in 1992 placed a premium in
people’s participation and promotion of conceptual shift
in both forest management and biodiversity conserva-
tion.  In response participatory forest management ap-
proaches are becoming more popular. Experiments on
such approaches were started as early as 1970s. Joint
forest management in India (JFM), and Community For-
ests (CF) and Leasehold Forestry (LF) in Nepal are
some often cited successful examples for regeneration
of degraded forests. In all of these examples forest
management is the instrument that enhances the man-
agement of biodiversity leading to conservation. There-

fore biodiversity conservation is a by-product of such
forestry initiatives. Technologies and science for biodi-
versity management are important but sustainable har-
vesting processes and equitable distribution of benefits
among the communities are more challenging and per-
haps of greater importance.

JFM represents an important breakthrough in relations
between Forest Departments and local communities
and has been widely accepted as a promising approach
to forest management (Campbell 1992; Poffenberger
and Singh 1989; Sarin 1993). In essence, JFM involves
formal partnerships between forest villagers and gov-
ernment forest departments through formation of forest
protection committees for the protection and manage-
ment of the state forests. Although there are many
variations of JFM, the core idea is that, in exchange of
their cooperation and assistance, villagers are given
free access to non-timber forest products (NTFPs) and
entitled to a share of profits from the sale of the regen-
erated trees when they are finally harvested. A national
JFM resolution was adopted in 1990 by India and new
approach of forest management emphasised the shared
responsibility for management and sharing of profits
with the local communities (Joshi 1998-99). JFM repre-
sents a significant policy shift and the changes are: (a)
from production for commercial market and to generate
government revenue, to production to fulfil the needs of
forest communities; (b) from an exclusive focus on tim-
ber to attention to the NTFPs (firewood, fodder,
grasses, leaves, medicinal plants, wild edibles etc.) that
are important to the livelihoods of forest communities;
(c) from monoculture single-layered  (of commercially
valuable species) to multi-layered mixed forests that
include a diversity of trees species; (d) from plantations
of a similar age (for ease in harvesting) to plantations of
diverse ages (for a sustained supply of timber and other
products to meet community needs); and (f) from custo-
dial management through policing, to participatory man-
agement. Data from West Bengal in India indicate that
these changes have produced results. Forest cover has
increased, timber production has increased, conflict
between foresters and communities has decreased and
the yield of NTFPs has increased (Joshi 1998-99). Al-
though JFM undoubtedly represents a change in the
state’s approach to forest management, there are still
two sets of issues that need to be addressed (Saighal et
al. 1996; Roy 1992; Saxena 1992). The first set is con-
ceptual; for instance, to what extent do communities
have economic (as opposed to subsistence) rights to
forest produce. The second set of issues relates to
practical problems of managing the JFM programme
including the assigning of forest areas to communities,
developing systems for conflict resolution, dealing with
different administrative and forest boundaries, and in-
creasing women’s participation. The JFM is more chal-
lenging in the mountain areas as is being experienced
in the hills of North Bengal where growth of the forests
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are much slower testing the patience of communities for
economic benefit sharing.

Community forestry in Nepal is one of the commonly
cited success story where policy considers it’s interven-
tion as a process which essentially involves handing
over use rights of the government owned forests to the
indigenous groups of people who customarily hold the
de facto use rights of such forests (Gilmour and Fisher
1991). Community forestry gained impetus after 1990
and now it covers 9112 sq km area with 11595 Com-
munity Forestry User Groups (CFUG) benefiting 1.3
million households (DoF 2002). Community forestry
area in Nepal is 15.6% in 2002. Management expanded
by the CFUG to the forests has resulted in a recovery of
the vegetation to form reasonable forests in the hills.
This is a significant achievement, because without for-
ests majority of the Nepal’s rich biodiversity would have
been lost. Local extinction of species has been pre-
vented, habitat corridors created and successive stages
of forests developed. Wildlife sightings have increased,
as have livestock and wildlife damages on the fields.
Community forestry provides one effective mode of
conserving forest types and biodiversity in high natural
resource dependent areas (Mikkola 2002). CFs situation
is remarkable when looked at the fact that the govern-
ment forests outside the community control have not got
a chance to be put under any form of management and
that the resources there are degenerating more than
ever before. Equally remarkable is the fact that a num-
ber of user groups have been commissioning local de-
velopment works from the money that gets generated
out of the management of the handed over forests.

In rural Nepal, people depend on forest resources for
their livelihoods. Some depend on fodder, fuel wood,
leaf litter, and small-diameter timber to support subsis-
tence agriculture or collection of medical plants to pro-
vide income to buy enough food, whereas others need
access to forestlands to graze their animals. People’s
access to the forest and involvement in decision making
directly affect the distribution of goods and benefits and,
therefore, their livelihoods. Community forestry was
specifically formulated to address livelihoods and natu-
ral resource management. Although CF approach has
improved livelihoods in many cases, it still has short-
comings, for example, in inclusion and full participation
of traditional users and distribution of benefits to them.
Key components of community forestry that affect peo-
ple’s livelihoods are forming the user group, making
decisions and distribution of benefits. Social equity re-
fers to unequal power relations between the rich and
poor, high and low castes, women and men, and so on,
characterized by both cooperation and conflict. Com-
munity forestry should ideally address such power rela-
tions with respect to forest management and use, as
forest user groups gradually gain maturity and experi-
ence achieving sustainability. This is yet to happen in

most of the community forestry areas (WINROCK
2002).

As the CF programme matured and began progressing,
the government of Nepal began other forestry develop-
ment activities, including the leasehold forestry. The
1993 Forest Act provided legal authority for LF to assign
forest land on contractual basis. A project was designed
to support the poor families of the mountain region of
central Nepal where more than 40% of the population
lived below the poverty line, with less than 0.5 ha of
land per capita for cultivation. The project was con-
ceived to help poor communities by leasing forest lands
and is being implemented with support of IFAD loan and
Dutch technical assistance through FAO. It is function-
ing in nine mountain districts as a project, not a national
programme. Like CF, the LF is contributing to forest
development and management of the fragile mountain
region by the communities. This is helping the moun-
tains to become greener, degradation is drastically re-
duced, areas are protected and biological diversity is
recovered (Joshi 2000).

All these three approaches (JFM, CF and LF) of partici-
patory forest management in India and Nepal are con-
sidered to be successes in many respects especially
shared responsibility for management and sharing of
profits with the local communities. The second genera-
tion problems are evident in all these three approaches
which need more careful handling as they mostly relate
to equity in access and benefit sharing issues.

In all of the three approaches of participatory forest
management the planning and design do not specifically
consider biodiversity assessment, therefore the impact
related to biodiversity are mostly by-product or conse-
quences of community involved forestry programmes.
Biodiversity maintenance and enrichment are visible in
these community managed forested mountain areas.

Enterprise based community involved
biodiversity management

Biodiversity management by the people becomes more
evident when it has the utility value and communities
benefit out of it. The utility could be for subsistence as
for instance non-timber forest products (NTFPs) form
the food security strategy for many indigenous people in
the HKH region or for enterprise development that pro-
vide income generation opportunities for the poor rural
households. Some examples of enterprise development
with the community involvement where biodiversity has
been used are demonstrated in the HKH region, but
they seem more like islands of successes yet to receive
upscaling efforts. There are great potentials for enter-
prise development of NTFPs and medicinal and aro-
matic plants (MAPs); however the forward linkages
have not been properly studied. In general, problems
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with most of these NTFPs and medicinal plants are un-
sustainable harvesting and lack of management of
these resources in both government and community
managed forested and pasture areas. Only a few spe-
cies are being cultivated at a small scale in private ar-
eas.

NTFPs form an important part of economy of the
mountain people in the HKH region. They are primarily
the motivating factor for participating in forest manage-
ment. These NTFPs are used as food, spices, herbal
medicines, tannins, dyes, gums, resins, incenses, oils,
fibres and construction materials, and around 200 spe-
cies are traded in the region. NTFP harvest from na-
tional forests is mainly by wild collection; the situation is
not much better even in community managed forests as
NTFPs are open access resources. Specific plans for
NTFP management in terms of sustainable harvesting
have not been given enough attention in the region.
NTPF development needs more attention all along the
value chain whereby systematic efforts in backward,
forward and horizontal linkages are necessary.

Some successful examples of community involved bio-
diversity linked enterprise development are oak-silk in
Garhwal (India), Jatamansi (Nardostachys jatamansi) in
Humla (Nepal), traditional local paper from lokta
(Daphne spp) and argeli (Edgeworthia gardeneri) in
Nepal and Ecotorusim in Sikkim and Nepal. Sustainable
harvesting of oak leaf for silk enterprise enhanced re-
generation of oak forests at the project sites in Garhwal
Himalaya. Similarly, a medicinal plant enterprise of
Jatamansi in Humla organized through user groups’
enhanced restoration and conservation of forests re-
sulting from increased income that generated interests
for conservation. The user groups in Humla expanded
the community forest area significantly (912 ha) and
applied sustainable harvesting system as per the op-
erational plan (ANSAB 1999). There are sporadic ex-
amples of medicinal plant cultivation by individuals and
communities in their private and community lands,
Swertia chirata in Eastern Nepal is one example where
communities have developed indigenous technologies
for regeneration, harvesting and processing. These ex-
amples clearly indicate that enterprise development with
established market linkage supported by local institu-
tional mechanisms is successful.

Other examples are enterprises related to ecotourism
that are linked with nature and biodiversity conservation.
Two projects supported by Biodiversity Conservation
Network were (a) Expansion of Chitwan National Park
by community forestry and ecotourism development,
and (b) Sikkim Biodiversity and Ecotourism. Both the
projects showed high impacts on increased income of
the communities and enhanced biodiversity conserva-
tion. The case of the Sikkim Biodiversity and Ecotourism
is elaborated as an example in the following section.

The Sikkim Biodiversity and Ecotourism Project was a
collaborative initiative designed to conserve the biologi-
cal diversity of key destinations. At the heart of the pro-
ject were participatory approaches that link enterprise
operation with conservation action, while merging tradi-
tional cultural practices. Working with communities, the
private sector and government, the project built upon
their skills, interests and knowledge, to: (a) increase
community and private sector conservation, (b) increase
economic returns from ecotourism services and enter-
prises, and (c) contribute to policies that meet ecotour-
ism and conservation goals. Participants in community
ecotourism plans, training courses and conservation
management were all used and developed new partici-
patory learning tools that built upon best practices and
positive attributes of Sikkim’s natural and cultural heri-
tage. Using the same approach, the project exchanged
experience and expertise with mountain peoples and
affiliated projects in Nepal and other parts of India.
Achievements of the project are: (a) participatory
ecotourism planning and implementation where all
stakeholders comprising of community, business groups
(both local and outside), researchers, development
workers and government were involved; (b) participatory
conservation practices implemented at the project sites;
(c) capacity and skills enhancement of both enterprise
and conservation of stakeholders increased income of
the locals that acted as incentive for conservation; (d)
contributed to tourism planning, policy and legislation
that promoted concepts and actions on environmentally
friendly tourism; (e) biodiversity status of the project site
recorded, baseline information generated, and commu-
nity involved in monitoring to supplement the scientific
monitoring; (f) a local NGO called Khangchendzonga
Conservation Committee established which has owned
most of the activities started by the project including
monitoring of tourism activities, infrastructure and biodi-
versity, followed by actions on maintenance and im-
provement (Sharma et al. 2002).

Landscape approach to biodiversity
management

Biodiversity management is more effective if landscape
approach is adopted in the mountain areas. Landscapes
actually form the functional unit for biological and eco-
logical processes. Biodiversity and ecological services
are normally delivered by landscape functions. There-
fore landscape that fall within a country can apply land-
scape approaches of biodiversity conservation and
management without much difficulty. However, in the
HKH region many landscapes are shared by many
countries for example Mount Everest ecosystem is
shared by Nepal and Tibetan Autonomous Region
(TAR) of China, and similarly Mount Khangchendzonga
ecosystem is shared by India, Nepal, Bhutan and the
TAR. Therefore regional understanding and cooperation
between two or more countries is essential for trans-
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boundary biodiversity management in such landscapes.
Such landscapes need to be identified, prioritized, and
managed jointly by regional member countries. Coop-
eration for transboundary conservation of the Mt Ever-
est Ecosystem between Nepal-TAR has increased over
the past five years through the involvement of ICIMOD
and The Mountain Institute. ICIMOD is building on past
experiences in the Mount Everest Ecosystem and im-
plementing activities in other prospective complexes like
Khangchendzonga. Regional consultation on Khang-
chendzonga complex took place between India, Nepal,
and the TAR (China) in 1997 through the auspices of
ICIMOD and WWF-Nepal (Rastogi et al. 1997). The
location of most protected zones alongside international
borders in the southern section of the Khang-
chendzonga landscape provides the potential for estab-
lishment of corridors, and this will require regional co-
operation between Bhutan, India, and Nepal. ICIMOD is
implementing biodiversity corridor project by mainly fo-
cusing on participatory forest management and enter-
prise based community involved biodiversity manage-
ment approaches. Application of these approaches
which has been elaborated in the earlier section be-
comes extremely important for successful management
of biodiversity at the landscape level.

Criteria for regional and community-based
biodiversity management

Community based biodiversity management in the con-
text of the HKH region is complex resulting from diverse
culture, ecological variations, differences in climatic re-
gimes and difficult terrain. Watersheds and landscapes
at many areas fall in different political boundaries that
could be best addressed by regional cooperation. And
many other issues that need to address at different lev-
els within a nation.

Criteria for successfully addressing regional issues
in HKH
• Identify transboundary candidate priority landscape

complexes that are critical for biodiversity manage-
ment, and countries sharing the complexes should
be committed to develop and manage such com-
plexes.

• Apply participatory management of biodiversity in
the protected areas of candidate priority complexes
and their surroundings that will enhance conserva-
tion of the globally significant unique biodiversity,
which otherwise are under risk because of trans-
boundary problems.

• Restore and increase the connectivity between the
protected areas within the candidate priority com-
plex and between the complexes that fall in different
countries at the landscape level.

• More conservation attention and efforts to focal
species that operate in areas across political
boundaries.

• Identify keystone plant species and their restoration
and conservation in each of the candidate priority
complexes of transboundary nature.

• Address transboundary issues such as grazing,
poaching, unsustainable harvest of NTFPs, control
of forest fires, control spread of livestock disease,
and creating new connectivity for overall conserva-
tion to be solved by regional and country-to-country
cooperation basis.

• Adopt policies and incentives conducive to partici-
patory biodiversity conservation, complementary to
the participating countries be established.

Criteria for successful community-based
biodiversity management at the country level
(based on Kothari et al. 2000 and Mikkola 2002)
Policies and law:
• Take appropriate national policy and legal meas-

ures to facilitate community based biodiversity
management.

• Integrate an ability and willingness to tackle external
forces of development, commerce and politics.

• Provide clear linkages between local actors with
national and international supporters and facilita-
tors.

• Provide full access of community to information
regarding policies and programmes affecting the
community based biodiversity management initia-
tives.

Institutions, management and processes:
• Build on local knowledge systems and customary

practices relevant to conservation.
• Incorporate strong local leadership.
• Build on local community institutional structures,

traditional and/or new.
• Ensure clarity and strength of tenurial arrange-

ments, with clear demarcated rights to resources.
• Internally generate core funding.
• Orient external institutions (e.g. government, NGOs,

donors) to become facilitators and supporters of lo-
cal community processes.

• Support continuous capacity building of all
stakeholders.

Community and equity:
• Primary stakeholders clearly identified for decision-

making and benefit sharing purposes.
• Equitable decision making and representation.
• Equitable benefit sharing and visible benefits (which

create a clear link between conservation and local
well-being).

Ecological sustainability
• Use conscious regulations based on local and

larger ecological constraints, and on understanding
ecological impacts of community based biodiversity
conservation.
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• Undertake constant monitoring and evaluation, and
develop local indicators.

• Balance rights with strong responsibilities and du-
ties towards conservation and equity.

Recommendation for CBD action

Participatory, enterprise and landscape approaches
have shown greater promise for sustainable use of bio-
diversity. The emerging second generation problems in
participatory management should be focused in future
strategies. Second generation issues to be addressed
are (a) the extent of communities right on economic
benefits especially in mountain areas, (b) assigning of
forest areas to communities, (c) developing systems for
conflict resolution, (d) dealing with different administra-
tive and forest boundaries, (e) increasing women’s par-
ticipation, (f) inclusion and full participation of traditional
users and equitable distribution of benefits, and (g) so-
cial equity of unequal power relations between the rich
and the poor, high and low castes, women and men.

Biodiversity management by the people becomes more
evident when it has the utility value and communities
benefit out of it. Enterprise based community involved
biodiversity management are effective as has been
demonstrated in some cases. This approach should be
adopted and widely applied keeping in mind the entire
value chain providing systematic inputs to backward,
forward and horizontal linkages.

Landscape approach of biodiversity management be
stressed and in many cases especially in mountain ar-
eas the landscapes are of transboundary nature, there-
fore transboundary biodiversity may be given special
focus in areas of critical biodiversity areas.

Criteria listed in earlier section for successfully ad-
dressing landscape transboundary (regional) issues and
community based biodiversity management at country
levels may be useful and should be adopted.
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Abstract

In Africa, especially in the sub-Saharan region (SSA),
people do not have enough to eat.  The region is con-
sidered as one of the major food deficit areas of the
world with its prevailing hunger, malnutrition and pov-
erty.  With the severe agricultural problems and chal-
lenges that African countries face, scientists need all the
tools available including gene technology  to ensure
there is enough food to eat for succeeding generations.
Both developing and commercial farmers need new
ways to increase agricultural production through sus-
tainable means, protect the environment and grow bet-
ter crops.

The growing international debate on the safety of GM
products of gene technology and the adoption of the
Cartagena Protocol on Biosafety (CPB) are likely
sources of increasing uncertainty in gene technology
and food import policies of many African countries.
Confronted with a strong international lobby against GM
foods and with scanty scientific knowledge and informa-
tion on these foods, many African countries are unsure
about investing in gene technology, importing grain or
accepting relief food from countries producing GM
crops.

While some environmentalists oppose GM food relief,
they have not offered alternative sources of food for the
hungry. In Zambia where 2.4 million people were last
year reported to be under threat from starvation, as a
result of severe drought and growing food insecurity, the
government banned the importation of GM corn.  The
Precautionary Principle was given as one of the reasons
for rejecting food aid.  In the meantime the same corn
was redirected to neighbouring countries where it was
well received.

Clearly, faced with food crises and absence of verifiable
information on harm from the consumption of GM foods,
few African countries will reject GM foods.  The effective
application of the precautionary principle in decision-
making is likely to be realized as the countries’ range of
technological options widens and their level of economic
and food security grows.
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The Precautionary Principle

As formulated in the 1992 Rio Declaration on Environ-
ment and Development, the precautionary Principle
states that “no approval for transfer, use and release of
GMO (s) shall be given unless there is firm and suffi-
cient evidence that the GMO(s) or products thereof
pose no risk to human and animal health, biological
diversity or the environment.  Approval shall not be
given where there is reason to believe that harm or
damage may result, even when there is lack of scientific
evidence or certainty”.

Pros and cons of the Precautionary
Principle

There has been a lot written and said about the precau-
tionary principle both for and against it.

Proponents of the principle have argued that it is actu-
ally part and parcel of sound science.  Science is an
active knowledge system in which new discoveries are
made almost every day.  Scientific evidence is always
incomplete and uncertain.  The responsible use of sci-
entific evidence, therefore, is to set precaution.  This is
even more important for technologies, such as genetic
engineering, which can neither be controlled nor be re-
called.   They further argue that in fact, the precaution-
ary principle is very simple common sense.  All it actu-
ally amounts to is this:  “if one is embarking on some-
thing new, one should think very carefully about whether
it is safe or not, and should not go ahead until reasona-
bly convinced it is”.

On the other hand the opponents of the precautionary
principle assert that if the principle were applied it would
put an end to technological advance because no tech-
nology is risk free.  For many technologies, it is impos-
sible to guarantee zero risk or absolute proof of safety.
The precautionary principle has been perceived by cri-
tiques as a kind of blanket justification for arbitrarily op-
posing the introduction of GMOs and their products. As
far as this camp is concerned, the principle is a deep
philosophical idea that is difficult to grasp.  They argue
that in the interest of human rights, economic justice
and free markets, we need regulatory policies that make
scientific common sense and that lead to productivity
and consumer choice.  The precautionary principle as
judged by this camp is a bogus principle that has been
invoked to support unwarranted restrictions on GMOs
and in a way that reflects that the goal is protectionism,
not consumerism.

Lessons to be learnt: Precautionary
Principle and food aid
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Committee on International Economic Policy
(ACIEP) Biotech.  Working Group, July 13. London.
http://www.i-sis.org.uk/South Africa Regional Bio-
safety Programme Newsletter.  October, 2002.
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Introduction

Ladies and Gentlemen, it is an honor to have this op-
portunity to talk to you. I would like to thank the confer-
ence organizers, particularly my colleague Dr. Peter
Schei, for inviting me and providing the means to attend
this important conference.

This paper addresses some priority needs of developing
countries regarding the practice of biosafety and fo-
cuses on biosafety science, technology and capacity
building. The paper addresses environmental dimen-
sions of biosafety of living modified organisms (LMOs)
that are designed for production in agriculture or aquac-
ulture, for intentional release into the environment, or for
distribution as food or feed. My suggestions for ad-
dressing capacity needs and for a more constructive,
‘safety first’ approach should be applicable also to hu-
man health safety considerations. Although I describe
some fish-related examples to illustrate a few points
about capacity building, the points made with these ex-
amples are also highly relevant to crop LMOs.

A major take home message of this paper is that a
‘safety irst’ approach, described in section 3, is a prom-
ising alternative to the prevailing, reactive risk approach
to biosafety of LMOs. The prevailing approach to the
practice and governance of biosafety of LMOs aims the
major risk assessment and management activities too
late in the long process of developing an LMO. This
delay undermines the ability to reach scientifically reli-
able and publicly trusted decisions about biosafety and
has fueled acrimonious conflict in many parts of the
world. I first discuss the needs for strengthening bio-
safety science and capacity under the prevailing ap-
proach because it may be around for a while. Then I
describe the differences between the prevailing ap-
proach to biosafety and the Safety First approach and
end by outlining the kinds of biosafety science, technol-
ogy and training activities that would help achieve a shift
to the safety first approach.

Strengthening Biosafety Science and
Capacity under the Prevailing Approach

Most developing countries have multiple needs for
strengthening their biosafety science and related human
and institutional capacity. Among a number of options
for how to meet these needs, I would like to draw your
attention to four options:

1. Build up the country- and region-specific biosafety
science needed to inform risk assessment and man-
agement.

2. Establish teams of developing and developed coun-
try biosafety scientists.

3. Conduct in-depth biosafety training through biosafety
career awards and professionals in training pro-
grams.

Incorporate technology for biosafety into the above
three options.

Implementing these options would build a long-lasting
foundation of human capacity and a base of scientific
knowledge that is relevant to the biodiversity of local
environments, as well as to the health of people in local
communities. Pursuing these options would allow de-
veloping countries to get out ahead of the pressure they
presently find themselves under to quickly train a
handful regulatory officials and scientists in order to
address the most pressing LMO regulatory issue at
hand, particularly importation requests.

Most ongoing biosafety training activities worldwide in-
volve short-term training activities that may help them
temporarily. But few of these programs are properly
designed to build the long-lasting capacity of these
countries to make their own biosafety decisions on their
own terms. These countries need a vibrant, self-
regenerating community of their own biosafety scientists
who will build up a base of biosafety scientific informa-
tion relevant to their own environments.

Country- and Region-Specific Biosafety Science for
Risk Assessment and Management
There is a widespread need to better integrate the latest
scientific knowledge from diverse areas of biological
sciences—in an understandable way—to help inform
risk assessment and management that takes into ac-
count national and regional conditions. Some efforts
have been made to integrate relevant biosafety scien-
tific information into decision-support tools. Much
greater investment is needed, however, to meet the
large unmet need.

One example of a decision-support tool that was sub-
jected to a particularly rigorous, double-blind scientific
review to assure its scientific soundness is the Manual
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for Assessing Ecological and Human Health Effects of
Genetically Engineered Organisms (Scientists’ Working
Group on Biosafety 1998) and its companion lecture
videos (http://www.edmonds-institute.org/manual.html).
Another example is an ongoing effort to develop coun-
try-specific guides on information for environmental risk
assessment and management of crop LMOs through
national workshops that bring together scientists, regu-
lators, and the public. This effort is happening under the
auspices of the International Organization of Biological
Control through the work of an independent and inter-
national team of scientists, with input from an interna-
tional advisory group of representatives from organiza-
tions involved in the biosafety arena (http://www.gmo-
guidelines.info/Public/information.html). Other examples
are in the planning stages, such as biosafety source
books laid out in the work program of the current Scien-
tific and Technical Advisory Panel of the Global Envi-
ronmental Facility.

For these examples and other efforts aiming to better
integrate biosafety science (e.g., any relevant efforts
under the UNEP/GEF project on national biosafety
frameworks), the key questions to ask are:

• Does the project output fill priority scientific and tech-
nical gaps faced by the country or countries it aims to
assist?

• Has the project established the credibility of its scien-
tific guidance via an independent and interdisciplinary
scientific review of its outputs?

International Teams of Biosafety Scientists
One of the best ways to jump-start the strengthening of
human capacity for on-the-ground practice of biosafety
science in developing countries is to support interna-
tional and interdisciplinary teams of developing and de-
veloped country scientists to conduct biosafety studies
addressing priority questions for a given developing
country. This could be done through biosafety research
programs that require generating country- and region-
specific data. International development agencies of
several countries have recently set up a few grant pro-
grams of this kind but significant expansion is needed to
build a critical mass of human capacity and address the
priority needs for biosafety data in a greater number of
developing countries. Another effective strategy for
helping to build human scientific capacity through such
programs is to form independent scientific panels whose
members include developing country scientists and then
charge these panels to review and select projects for
funding.

Multiple payoffs for developing countries of establishing
developing/developed country teams of scientists in-
clude:

Their studies will build a biosafety scientific database
and transfer biosafety technology for country and
region-specific situation and needs.

Their scientific activities will strengthen human and in-
stitutional capacity.

The successful teams have a high chance of becoming
self-perpetuating and proficient at leveraging exist-
ing resources to address emerging biosafety needs.

Biosafety Scientific and Technical Training
Building the long-lasting capacity of developing coun-
tries to make their own biosafety decisions on their own
terms will require investing in additional, strategically
designed training programs that involve in-depth train-
ing. One approach would be to establish a competitive
‘biosafety career awards’ program that would equip
leading scientists, policy analysts and policy makers to
understand and apply the latest science and technology
to their biosafety needs. Awardees would be selected
for their demonstrated proficiency or high promise to
lead work in biosafety policy, science and technology in
ways that meet the needs of their country or region.

A complementary approach would be to establish ‘bio-
safety professionals in training programs’ for working
professionals, graduate students, and post-doctoral
scientists from developing countries. The purpose would
be to prepare scientists who are at different points in
their careers to conduct effective biosafety research and
regulatory assessment/management in their home
countries and regions. Some aspects of this training
could also be integrated with the teams of developing /
developed country biosafety scientists described above.

Incorporate Technology for Biosafety
The fourth option presented at the start of section 2 is to
incorporate technology for biosafety into efforts to
strengthen science and capacity for biosafety.

1. LMO confinement
An example of harnessing technology for biosafety is an
evolving set of methods for confining LMOs. Developing
country scientists are poorly represented in this impor-
tant area of biosafety technology work.

LMO confinement involves blocking escape, or blocking
survival or reproduction if LMOs were to escape into
farm areas or natural environments for which they were
not intended. Among the variety of possible biological
confinement methods, few are ready to apply and most
are at an early stage of research. There also are physi-
cal or mechanical confinement methods, but most are
not practical beyond small-scale uses of  LMOs in such
settings as green houses, small-scale field tests, and
fish tanks with closed-loop water systems (Scientists’
Working Group on Biosafety 1998).



94

Norway/UN Conference on Technology Transfer and Capacity Building

Training in this area of biosafety technology would re-
quire learning about alternative ways to follow the prin-
ciple of redundancy—the combination of different con-
finement methods given that no one method is 100%
effective (Scientists’ Working Group on Biosafety 1998).
Application of the redundancy principle in different de-
veloping country contexts would require taking local
environmental conditions and farming practices into
account.

2. Example of technology that could be used for
LMO confinement
One of the best developed biological confinement
methods involves a simple, inexpensive method to in-
duce sterility in fish (reviewed in Scientists’ Working
Group on Biosafety 1998, Kapuscinski and Brister
2001). This method has been applied to many species,
ranging from tropical to cold water fish that are farmed
in different aquaculture systems. Called induction of
triploidy, it involves applying a water temperature or
pressure shock to newly fertilized fish eggs in order to
trick them into retaining one extra set of the female’s
chromosomes (structures containing the genes) that
would have normally degraded after the sperm fertilized
the egg. The resulting fish live normal lives but the ma-
jority of them are functionally sterile. Because sterility is
more effective in female fish, one can also add redun-
dancy to this confinement measure by farming a group
of all-female fish that have also undergone triploidy in-
duction. Scientists can produce an all-female line of fish
by applying a specific series of breeding procedures
that do not involve any genetic engineering.

3. LMO identification and monitoring
A second example of harnessing technology for bio-
safety involves methods for identification and monitoring
of LMOs in the environment (as well as in the food sup-
ply). Molecular genetic methods take advantage of in-
herent DNA or protein variation to distinguish LMOs
from unmodified relatives. Transgenic methods and
those involving gene-specific compounds are all in
early-stage research. There also are some nascent
ideas for applying remote sensing to this problem.
Again, developing country scientists are under-
represented in research, development and application
of this technology for biosafety.

4. Example of technology for monitoring LMOs in
the environment
Various molecular genetic tools could be used to moni-
tor the movement of LMOs and their engineered genes
in the environment. These tools are already in use to
monitor the impacts of traditional breeding on local bio-
diversity.

One example is field monitoring conducted by a young
scientist from Thailand. The purpose of the monitoring
was to screen wild populations and aquaculture brood-
stocks of native Thai catfish for the unintended pres-

ence of genes from an alien species, the African catfish.
She used a DNA-based methodology to screen for al-
leles (variants of a gene) that are unique to the African
catfish (Figure 1). Finding such unique DNA alleles in a
native Thai catfish provides diagnostic evidence of gene
flow of African catfish genes into the native Thai catfish
populations. She mastered the application of this tech-
nology as part of her Ph.D. degree training in my labo-
ratory (Senanan et al. in press). She recently returned
to Thailand where she immediately began to co-lead a
large project on biosafety research and training that
aims to better prepare Thailand to address possible
future proposals to introduce fish LMOs. That she so
quickly parlayed her own training into becoming the
leader of a forward-looking, biosafety program in her
home country exemplifies the kind of capacity building
that could be replicated many times over in developing
countries through the establishment of a formal ‘bio-
safety professionals in training’ program.

Shifting from the Prevailing, Reactive Risk
Approach to a Forward-looking, Safety
First Approach

Acting upon the suggestions laid out in section 2 of this
paper would surely strengthen the biosafety science,
technology and capacity of developing countries. There
is a need, however, to go beyond such incremental
steps and to put in place a more constructive paradigm
for the practice and governance of biosafety of LMOs.
This would entail a widespread shift from the prevailing
and conflict-prone, reactive risk approach to a more
forward-looking and preventative ‘safety first’ approach.

Consider a scenario in which a country is presented
with a proposal to release an LMO that has been clearly
shown to be beneficial in some important way. Would it
not be desirable and in that country’s best interest to
also make this LMO and its use as safe as possible?
The prevailing biosafety approach is not well designed
to meet this objective in a way that will gain public trust.
There is a proven alternative: a forward-looking, pre-
ventative safety first approach that is better equipped to
reach scientifically based and broadly agreed upon con-
clusions about whether an LMO is beneficial and safe
enough to release.

The Prevailing Risk Approach
Figure 2 outlines the prevailing reactive risk approach
and progression of major steps from early stage re-
search to commercialization of an LMO. It can take over
10-20 years for a company or public institution devel-
oping an LMO to get to the point of seeking regulatory
approval. Typically, serious work on risk assessment
and risk management occurs late in the process (de-
picted by the grey border around the later steps in figure
2).
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Figure 1 An example of the kind of DNA data that scien-
tists can obtain from organisms collected in the wild to
determine if unintended gene flow has happened, for
instance, from an escaped LMO to a wild relative. Each
line represents a graphical readout from a machine that
analyses the DNA sequences in a sample of DNA ex-
tracted from an organism’s tissue (e.g., from a sliver of
a fin from a fish, or from the leaf of a plant). Each peak
in a line represents a DNA allele—a variant of a specific
gene—and each allele is identified by a number related
to its size. The asterisk next to allele 102 in the top line
denotes that this allele is found only in species 1, mak-
ing it diagnostic for that species. Thus, the middle line
for species 2 shows different alleles at this gene, but no
allele 102. The bottom line depicts a detected hybrid: it
contains the diagnostic allele 102 from species 1 and
another allele (allele 96) from species 2. This is evi-
dence of gene flow from species 1 to species 2.

Waiting until this late stage puts all parties into a reac-
tive mode that tends to fuel conflict. The biotechnolo-
gists are eager to sell or distribute their LMO or LMO-
derived food or feed because they have spent consider-
able time and financial resources to get to this stage
and need revenue to recoup their development costs.
Regulatory agencies feel the pressure to approve appli-
cations for commercial release but may be stymied by
gaps in the biosafety information provided to them or
their inadequate capacity to make biosafety decisions
with confidence. Potential adopters and other affected
parties also are prone to reactive behavior because the
LMO has reached the release stage with little or no prior
knowledge on their part and usually without a process of
transparent deliberations coupled to upfront safety work
that could have won their trust.

The Safety First Approach
In contrast, the goal of the pro-active safety first ap-
proach is to anticipate and prevent biosafety problems
as far upstream of LMO release as possible (Figure 3).
It stresses risk assessment and management early on
(depicted by grey borders around early steps in figure 3)
and adds explicit steps at pre- and post-
commercialization points to verify and monitor safety
(depicted by black borders around middle and later
steps in figure 3)

The defining features of the safety first approach are,
that it:

• Focuses on accident prevention and prompt learning
from mistakes through scientific analysis and partici-
patory deliberation, starting as far upstream of the
use of an LMO as possible.

• Makes safety a first priority from the earliest possible
stage of designing the LMO, through research, de-
velopment and appropriate monitoring of any ap-
proved final use of the LMO.

• Applies system safety science and management, as
has been widely practiced in managing many longer-
used and complex technologies.

Uses transparent, representative deliberations at the
outset to establish safety criteria (objectives) and at
other key points in the safety decision-making proc-
ess.

These defining features embody the central wisdom
gained from over 100 years of safety movements and
safety work on other complex technologies that offered
benefits while posing potential public risks (Aldrich
1997, McIntyre 2000, Baram 2002, Kapuscinski et al.
2003). This wisdom eventually jelled into the formally
trained profession of system safety science and man-
agement. The practice of “system safety management is
a forward-looking, comprehensive and long term ap-
proach that assures that systems and techniques have
safety designed in from the outset” (McIntyre, 2002).

Private companies and public research institutions that
are involved in developing, regulating or analyzing
LMOs have yet to explicitly and fully adapt the principles
and methods of system safety science and manage-
ment to the biosafety of LMOs. There is tremendous
potential, however, to build on pieces of the necessary
practices that are already in place in certain companies
(Kapuscinski et al 2003) and certain international and
national research institutions (Study Panel on the Safe
Use of Gene Technology in prep.).
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The safety first approach starts at the upstream end of
the lengthy research and development process, that is,
before genetic engineers begin to develop a specific
LMO. At this early point, the safety first approach uses
transparent, representative deliberations to collectively
develop common LMO safety standards, particularly
safety criteria for different LMOs to meet. These delib-
erations should involve legitimate representatives of
potential users and affected parties (such as small-scale
farmers and local communities), government decision
makers, the parties developing the LMOs, and the sci-
entists and other technical experts from different fields
who provide the scientific information relevant to the
deliberations. The approach then applies system safety
science and management and different biological and
ecological sciences and technologies to develop LMOs
that are safer to begin with and to reach biosafety deci-
sions that meet the agreed-upon safety standards.

1. Elements of the Safety First Approach
The main elements of the safety first approach include
(Kapuscinski et al. 2003):

• Initial Safety Criteria Setting informed by an early
preventative risk assessment to identify risks that the
deliberating parties agree should be addressed from
thereon.

• Safety Design and Risk Reduction Planning in order
to reduce and control identified risks for a particular
kind of LMO. This might include, for instance, de-
signing the genetic DNA construct that will be in-
serted into the LMO so that it avoids use of antibiotic
resistance markers and other genetic material that
raise difficult risk concerns; and applying a biological
confinement measure as a way to reduce risk, such
as the induction of sterility in fish LMOs that was de-
scribed above.

• Safety Verification testing of the LMO through ap-
propriate lab and field tests. This assures that field
tests go beyond the common market-oriented tests
of the LMO’s agronomic performance and also in-
clude empirical tests to verify whether the LMO in its
anticipated uses is likely to meet the pre-agreed
safety criteria.

• Safety follow-up (monitoring) to promptly detect un-
foreseen problems and take appropriate corrective
action.

• Safety leadership via training and independent certi-
fication of biosafety professionals, a safety-oriented
management style in public and private institutions
involved with LMOs, and a framework for managing
the application of cross-institutional safety standards.

In recent successful cases of taking such a safety first
approach to uses of different technologies (Kapuscinski
et al. 2003), “an analytic-deliberative process has
evolved whereby potentially affected parties in the pri-
vate and public sectors collectively identify key safety
issues to be addressed (Stern and Fineberg 1997). In
turn, this has produced knowledge and agreements
about safety that met and moved beyond scientific ‘reli-
ability’ to ‘socially robust’ and publicly credible arrange-
ments (Gibbons 1999).”

By making safety a primary consideration throughout
the process of developing, producing and using an
LMO, the safety first approach is thus much better
equipped to avoid the conflict-prone pitfalls of the reac-
tive risk approach. It is better equipped to direct re-
sources towards the development, release and adoption
of LMOs credibly shown to be sufficiently beneficial and
safe.

Making Safety First a Reality Internationally
What steps should be taken to enable a shift from the
prevailing approach to the safety first approach interna-
tionally, particularly in developing countries? The first
and most obvious step is to incorporate the principles
and methods of the safety first approach into all the ca-
pacity building areas discussed in section 2 of this pa-
per. Additional steps are needed, however.

1. Biosafety Training for the Safety First Approach
Under the safety first approach, biosafety training would
also entail establishing a formal career path of biosafety
professionals. This would involve a professional training
and certification program, with certification and decertifi-
cation processes run by an independent body that re-
mains at arms length from the developers and biosafety
managers of LMOs. Certified biosafety professionals
would be hired by government, public and private insti-
tutions involved in developing LMOs, higher education,
and a variety of public interest and stakeholder organi-
zations. These professionals would be the point persons
for planning and carrying out the biosafety science and
management work of these different entities.
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2. Biosafety Science and Technology for the Safety
First Approach
The research and practice of biosafety science and
technology would place high priority on developing
methods for preventative safety design, that is, to make
LMOs organisms safer from the outset. Examples of
general approaches that this could entail are:

• Developing more uniform and, thus, more predict-
able genetically engineered traits via better control of
the copy number, site of integration, and tissue-
specific expression of inserted genes.

• Devising more scientifically reliable safety testing
methodologies, such as testing the reliability of a re-
cently developed methodology for estimating the
likelihood and population-level consequence of gene
flow from LMOs to wild relatives (Muir and Howard
2001, Pew Initiative on Food and Biotechnology
2003, Kapuscinski et al. 2003a).

• Developing inducible expression of inserted gene
constructs, so that expression of the novel traits
would not occur if and when the LMO escapes into
environments for which it was not intended.

• Developing more effective and easier to apply meth-
ods of biological confinement.

3. Standards for Safety Criteria, Verification, and
Monitoring
Finally, it would be necessary to develop safety stan-
dards for the key elements of the safety first approach.
This would have to take into consideration the differ-
ences among crop, animal and microbial LMOs. These
standards would be developed by cross-sectoral work-
ing groups through transparent deliberations, as out-
lined earlier. At the end of the day, the standards would
be applied by developers and producers of LMOs, with
appropriate government regulatory oversight and public
involvement.

In the United States, a public-private coalition has come
together to form the Safety First Initiative. The Initiative
is focusing on developing safety standards for aquatic
LMOs and plant LMOs producing pharmaceuticals and
industrial chemicals. (Kapuscinski et al. 2003). It seeks
to avoid the pitfalls of the prevailing risk path of LMO
development by instead applying the preventative safety
first approach. The Initiative’s Executive Advisory Board
and Steering Committee have agreed upon a plan for
negotiating standards for safety criteria, verification,
monitoring and leadership. It entails forming multi-
stakeholder working groups that will draw on the neces-
sary scientific knowledge base from genetic to ecologi-
cal sciences, as well as from system safety science and
management, to negotiate safety standards for these
two groups of LMOs.

Conclusion

Developing countries have huge gaps in their current
capacity to develop, practice and interpret biosafety
science and to harness technology for biosafety work.
This paper has argued for the need to enable a shift
from the prevailing and conflict-prone risk approach to a
more pro-active safety first approach for governing the
biosafety of LMOs. Assuming that the prevailing risk-
focused approach will persist for some time to come, I
have outlined some proposals for strategically strength-
ening the biosafety science, technology and capacity of
developing countries in ways that will be long-lasting
and self-regenerating.
The under-developed status of biosafety science and
governance in many countries gives them an interesting
opportunity: they could leap-frog over the pitfalls of the
prevailing, reactive risk approach and instead apply and
adapt the safety first paradigm at this early stage of es-
tablishing their own programs of biosafety science,
technology, and governance. The Safety First ap-
proach’s combination of upfront and genuine delibera-
tions with forward-looking scientific practice is the key to
achieving scientifically reliable and broadly socially
trusted biosafety conclusions. Safety standards devel-
oped through such a deliberative process for LMOs will
have to be applied in a global economic context. It will
be a challenge to make this approach effective in differ-
ent social and environmental settings without exacer-
bating existing disparities between nations in their ca-
pacities to govern LMOs (Kapuscinski et al. 2003). It
would be in the mutual interest of the different parties
engaged in the development, use, governance of LMOs
to start by shifting away from the prevailing risk para-
digm, that has also fueled acrimonious conflict, and to-
wards a proactive, safety first paradigm.
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