Congress conclusions

CONGRESS CONCLUSIONS

The scientific programme addressed 8 themes and consisted of

13 plenary addresses

27 parallel sessions, of which 12 were organised symposia on
special topics

136 talks

3 panel discussions

Feedback from each session was provided, and these were divided into three main themes:

e Strategies and targets
o Conservation action
e Engaging with society

Strategies and targets

The Congress has provided an opportunity to gauge the success of the International Agenda
and the GSPC in providing a framework for action by botanic gardens.The GSPC has provided
a clear framework — all targets are being addressed.

No matter how many targets botanic gardens are working on, they are making valuable
contributions to the GSPC.

2010 has provided a clear goal and accelerated progress. For example, Target 1 has been
particularly successful. However, the long-term sustainability of deliverables must also be
considered.

The enhanced dissemination and impact of the GSPC outcomes will depend on a closer
collaboration between science, conservation and education practitioners within the botanic
garden. As well as the GSPC, botanic gardens need to engage with other key global policies
and strategies — such as the UNFCCC, Millennium Development Goals, World Heritage
Convention and the Access and Benefit Sharing provisions of the CBD.

We need to develop wider partnerships beyond the BG community.

Botanic gardens need to continue sharing information and resources and develop informal and
formal partnerships, promoting their successes and the benefits of working together.
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Congress conclusions

Working for change means and requires long-term sustainable projects and dedication over
many years.

Some specific needs that were identified include:

e ABS Code of Conduct model agreements for use by botanic gardens
¢ Models, templates and tools to support development of institutional responses to
the GSPC

Conservation Action
Botanic gardens are adopting both species-based and thematic approaches to conservation.

Conservation initiatives involving a range of institutions around a common taxa can be
productive.

Lower plants, cycads, trees and island flora were all addressed this week.

Partnerships, information exchange, outreach to local communities are key to conservation
action success.

During this congress there were calls to establish:

e Botanic gardens cycad collections consortium (as part of IUCN SSC).
e A European network of botanic gardens working with cryptogams.
e Oceanic Island Plant Network.

e Restoration issues include:
o Need to address integration of species and ecosystem restoration
o One-size does not fit all
o Need to scale-up from the local to landscape level
o Need to connect science with practice and engage local
communities
e Information needs include:
o Databases to provide an ‘institutional memory’
o Continuous documentation (seed to maturity) — important for
climate change research
o Meta databases — such as PlantSearch - are needed to make
information available to the wider community
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Congress conclusions

e Research is critical for:
o Ex situ conservation — which takes on its most significance in
cases of extreme rarity
o Reproductive biology and genetics — this may be critical for the
effective conservation of rare species
o Mutualistic plant-animal relationships are complex and need to be
better understood
e Invasive species issues raised:
o Botanic gardens have the knowledge, facilities and applied
expertise to address invasive species issues
o Education and outreach are critical components
o Greater communication and collaboration required between
gardens — development of an early warning system

Engaging with society

e BGs are uniquely placed to develop a stronger role across all social demographics.

e There is a need to raise the profile of BGs with other cultural organisations, public bodies
and governments.

e Societal impact must be documented.

e Social vision must be embedded throughout the botanic garden.

e The importance of ecosystem services must be communicated in new ways to visitors.

e We need to interpret climate change and conservation science in locally relevant ways.

¢ Working with local communities is essential for translating international policies into on-
the-ground action. This can include job-creation and economic opportunities for local
communities.

e Botanic gardens have a significant role to play in supporting and influencing pedagogy
and learning within formal education systems.

e Certified courses encourage participation and standardisation of quality.

e To build sustainable gardens it is important to involve all staff and to layer sustainability
principles in all practices of botanic gardens.

e Making use of traditional knowledge and local resources is an effective way of
demonstrating solutions and bringing unique habitats to life.

¢ Individuals can have an impact on determining the development of a botanic garden.

e Inter-relationship between science, horticulture and education is critical in developing
education programmes.
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Recovery and conservation of the Salento agricultural genetic resources (Apulia-
Italy).

R. Accogli, F. Ippolito, S. Marchiori
Salento University, Biological and Environmental Sciences and Technologies Department, Botanic
Garden, Via prov.le per Monteroni (Campus Ecotekne) 73100 Lecce, Italy

Abstract

Agricultural genetic resources represent a good percentage of total terrestrial biodiversity. The
Botanic Garden of Salento University has undertaken programmes of investigation and collection
of horticultural varieties selected over the last centuries at the local level with the aim of creating a
germplasm bank. The agrarian biodiversity analysis has confirmed a strong reduction of Salento
cultivars; many once common, are now preserved only in the historical memory of our
grandparents. Investigations were made to identify reproductive material (seeds) of varieties
considered by farmers as ancient tasty varieties - varieties with undisputed nutritional quality.
Those varieties have been multiplied and cultivated in catalogue fields in order to reintroduce them
amongst farmers but also for use in local agrotourism. Many these cultivars have not been
characterized by taxonomy or molecular analysis, therefore part of the material is being used for
more in-depth investigations.

Key words: biodiversity, botanic garden, molecular investigation, niche variety, propagation, seed
bank

Introduction

Salento University Botanic Garden is a centre for studying Mediterranean plant species protection
and conservation, providing information to the public and the scientific world with the aim above all
of conserving ex situ threatened species (Marchiori & Dedej, 2000). Its strategic objective is ex situ
plant diversity conservation, according to the Convention on Biological Diversity article 9 (CBD)
(Secretariat of the CBD, 2005).

Particular attention is given to maintenance of Red List species (National and Regional), and
understanding their reproductive ability (Accogli & Marchiori, 2006a). For every species, seed and
vegetative propagation success is verified. In the botanic garden, artificial environments are
reproduced for plant conservation and seed plant cultivation and collection (medicinal, nutritional
and endemic plants). Seed conservation is very important for index seminum realization. Priority is
given by the Botanic Garden to the reintroduction of rare species and plant protection activities.

Education activities are focused on landscape protection, natural, historic, cultural and social
interactions, with natural heritage and humanistic sciences (Blasi, 2007).

Ex situ conservation also focuses on conserving local cultivars used as food. Agricultural genetic
resources constitute a good percentage of total terrestrial biodiversity, including both old and new
cultivars, as well as intra-and inter-specific hybrids, local populations and mutants (Porfiri et al.,
2001).

Salento Botanic Garden has undertaken investigation and recovery programs for horticultural
varieties selected in the last centuries at the local level with the purpose of creating a germplasm
bank. The agrarian biodiversity analysis has confirmed a strong reduction of Salento cultivars.
Many once common, are now preserved only in the historical memory of our grandparents. Crop
genetic erosion in Salento has been widespread in the past 25 years; changing socio-economic
factors and modernization of agro-techniques has resulted in a new generation of farmers and
modern cultivars have caused a rapid decline of landraces which are unable to compete in the
market place (Accogli & Marchiori, 2006b).
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Botanic Gardens of Moscow State University: a Platform for education and innovation

A. Andreeva, V. Novikov, A. Rappoport
Botanic Gardens of Moscow State University, Moscow, Russia, 119991, Leninskie Gory 1/12;

Abstract

In line with the Target 14 of GSPC, the Botanic Gardens of Moscow State University (MSU) have been
tasked with creating an education system to serve the pre-school, basic, specialized, further education
and vocational training sectors.

At the present time the Garden is the base on which scientists and students of different faculties can
conduct studies and scientific researches. The Garden carries out programmes of professional skills
improvement and professional retraining (80-hour skills enhancement course designed for local
government staff; professional training programme for gardeners). Building on its existing programmes,
in 2009-2010 the Garden significantly expanded its educational activities thanks to the project
sponsored by the Association of Moscow Higher Educational Institutions. The purpose of the project
was to create a modern teaching environment in the Garden, using up-to-date forms of interpretation
(electronic guides, information displays, and multi-functional internet resources) and developing an
innovative educational programme for training specialists within the “Secondary School — Higher
Education - Labour Market” and “Higher Education — Business — Staff” streams. One of the project
outcomes is the creation of new information and education materials, most of which are freely
accessible via the internet and are already being used in Garden-based classes for schools and
universities. There has also been progress on formal and public education. The Apothecary Garden’s
education programme is expanding into new areas with an initiative to pilot a school-garden
collaboration scheme. The garden is prioritizing its work with young people, students and
schoolchildren, introducing them not only to plant diversity and ethno-botanical traditions of plant use,
but also to the latest developments in science and technology - including biotechnology and agricultural
techniques - and the search for solutions to modern-day issues.

Keywords

Basic education, botanic garden; education programme; formal education, professional training course;
training for gardeners.

The Moscow University Gardens have been tasked with creating an education system to serve the pre-
school, basic, specialized, further education and vocational training sectors. Put more precisely, the
task is to create an education and innovation platform within the Garden to achieve a wide range of
objectives. These include:

e improving the quality of student training in MSU’s Biology Faculty and other higher educational
institutions, with a focus on hands-on experience;

e drawing young people into science and providing early occupational guidance for
schoolchildren;

e promoting nature and plant studies amongst secondary school pupils and expanding their
understanding of biology, geography and associated disciplines;
promoting environmental education and awareness across society;

e improving the skills of schoolteachers and local government specialists in various fields.
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Bantaba — a gathering place at the heart of Eden’s Rainforest Biome.
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'Eden Project, Bodelva, St Austell, Cornwall, PL24 2SG;

’Makasutu Wildlife Trust, Abuko Nature Reserve P.O. Box 2164, Serrakunda, The
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Abstract

The Bantaba, or gathering place, is the traditional heart of a Gambian village; a place
to meet, to rest, to welcome strangers and to discuss the issues of the day. At the
heart of the Eden Project’'s Rainforest Biome we have constructed a Bantaba of our
own, to highlight the story of the Ballabu Conservation Project (BCP). With a
conservation area incorporating 14 villages, the goal of BCP is to alleviate poverty for
local people by making each village self-sustaining through local industries such as
ecotourism and agriculture.

An educational charity, Eden provides a stage on which to celebrate our connections
with, and dependence on, the natural world and each other. Our exhibits bring to life
the stories we are illustrating. Eden’s Bantaba symbolises the people at the heart of
the Ballabu project, the villagers and their way of life. It's space for storytelling by our
team of Pollinators; a visual tool to highlight issues such as water supply (village
well), food security (chop farm), traditions (making palm wine); a direct link to Eden
initiatives (Gardens for Life) and partnerships (Ballabu); an essential element of
Eden’s mission to engage, entertain, inspire the imagination and linger in the
memory.

Keywords

Storytelling—gathering place—landscape-education strategy-partnerships

Introduction

Imagine you're in a Rainforest. It's lush and green, but also very hot and humid.
You're tired, and you seem to have been walking on this path for a long time. Then,
as the way slopes upwards to a bend in the road, a clearing opens up under the
trees. Two benches sit invitingly in the shade of a large Gmelina. There's a large
pitcher of fresh water, covered with a cloth to keep it clean and cool, and a kettle
filled with water for you to wash the dust from your hands and feet. You have arrived
at a Bantaba — the traditional heart of a Gambian village; a place to gather, to rest, to
welcome strangers and to discuss the issues of the day. This particular Bantaba,
however, is not in the Gambia, but is instead to be found in the Rainforest Biome of
the Eden Project. It has been carefully constructed at the heart of our West Africa
exhibit, to give a focal point to the story we are telling about life in the Gambia. As
one of a team of horticulturists working in the largest rainforest in captivity, my
responsibilities include the West African exhibits, and | would like to use one of these
exhibits, our Bantaba, to illustrate a little about the Eden ethos, and how our
landscape shapes and informs our educational strategy.

The Eden Project

The Eden Project is a Millennium project conceived in 1994 and built in a former
Cornish clay pit in the south-west of the United Kingdom. Eden opened to the public
in March 2001 and is a not for-profit Charitable Trust. An educational charity, Eden
provides a stage on which to celebrate our connections with, and dependence on,
the natural world and each other. In a gentle and positive way, Eden invites people
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Abstract

We review plant conservation in the Mascarenes (Réunion, Mauritius, Rodrigues) and the
granitic Seychelles islands. Sizes of angiosperm floras are: Seychelles (200 species, c. 70
endemics of which c. 70% are threatened), Mauritius (691 species of which 273 are single
island endemics [SIE] and another 150 are Mascarene endemics [ME]), Rodrigues (150
species, 47 SIE, 72 ME), Réunion (550 species, c. 165 SIE, c. 140 ME). The main threats
affecting plant diversity are small population sizes and fragmentation, and invasive alien
species. While in Mauritius, Rodrigues and Seychelles <5% of intact habitat is left, this
proportion is still 30% in Réunion. Consequently habitat restoration is a priority in Mauritius,
Rodrigues and Seychelles. All islands have recently greatly advanced some aspects of plant
conservation, while gaps are also apparent. Advances include conservation strategies (all),
ex situ conservation (all), extent of protected areas (Réunion, Seychelles), new NGOs
(Réunion, Seychelles) and outreach (Réunion, Seychelles). Weaknesses include lack of
government support (Mauritius, Rodrigues), local scientific expertise (Mauritius, Rodrigues,
Seychelles). Given the similarity in biogeography and past and current anthropogenic
disturbances a regional plant conservation network and strategy needs to be strengthened.

Keywords

Angiosperm flora; conservation status; granitic Seychelles; Mascarenes; Mauritius; oceanic
island; Réunion; Rodrigues

Introduction and aims

The importance of islands for the conservation of global plant diversity is disproportionately
high relative to the small land surface area they occupy (Kreft et al., 2008). However,
humans have already heavily affected island ecosystems (Millennium Ecosystem
Assessment [MEA], 2005; Whittaker and Fernandez-Palacios, 2007; Kingsford et al., 2009)
and, in the foreseeable future, human pressure on ecosystems will likely increase more
markedly on islands than on continents (Brooks et al., 2002; MEA 2005; Kier et al., 2009). In
consequence, island plant conservationists are faced with a huge conservation challenge
and though they could learn much from each other, contact among researchers and
managers of threatened plants on different archipelagos worldwide has been generally
limited (Caujapé-Castells et al., 2010). If we are to maximise potential benefits from inter-
island exchanges between researcher and managers, an important prerequisite is to conduct
an accurate and up to date review of the status of plant conservation on these islands. The
aim of this paper is thus to provide a summary of the current taxonomical knowledge of the
angiosperm floras of the Mascarenes (Mauritius, Réunion and Rodrigues) and the granitic
islands of Seychelles, evaluate their conservation status and finally unravel the major
conservation achievements and gaps.
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How to get students to conserve plant diversity? The benefits of a new
approach to the relationship between scientists and society.

Philippe Bardin

Head of the Conservation Unit, Conservatoire Botanique National du Bassin Parisien, French
National Natural History Museum, Paris, 61 rue Buffon — 75005 PARIS FRANCE

Abstract

Conserving biodiversity with efficiency needs the participation of citizens. So the fourth
mission of the Conservatoire Botanique National du Bassin Parisien is to promote education
in the framework of biodiversity conservation programmes. Since 1995, the Conservatoire
has been studying the decline of a glacial relict in the Fontainebleau forest, near Paris. We
conducted in situ experiments to evaluate the benefit of bringing new genotypes in
genetically depreciated populations, and we could set up a programme of reintroduction that
gives the A. grandiflora populations the best chance to face global changes. We wanted to
make the public at large participate in this ambitious programme of biodiversity conservation
and we choose ninety students aged from eight to ten years, in the framework of an
educational programme carried out by a wide community interest, to ensure the success of
the project. In order to make their participation in the biodiversity conservation a permanent
reflex in the mind of each student, we wanted them to have good memories of this
experience: a personal diploma and the presence of the regional and national media allowed
us to reach this aim.

Keywords

Participatory sciences, reintroduction sponsorship, primary school students, educational
project, reintroduction diploma, glacial relict, hybrid populations, Community Interest.

The network of French Conservatoires Botaniques Nationaux: from research to public
awareness.

In the late seventies, the French government entrusted the Conservatoires Botaniques
Nationaux with the task of developing an original concept for plant conservation. Thus the
network of Conservatoires Botaniques Nationaux was created to guarantee the plant
biodiversity, thanks to four missions: (1) to know the situation and evolution of wild flora and
natural & semi-natural habitats, using scientific methods; (2) to identify & conserve rare and
endangered wild species and natural & semi-natural habitats; (3) to realize evaluations for
the State and all local communities; (4) to inform and educate populations to know and
protect plant biodiversity.

The Conservatoire Botanique National du Bassin Parisien is a laboratory of the French
National Natural History Museum, located in Paris. Accordingly, our fifth mission is an
applied research on very limited size populations of protected species, to understand their
disappearance, and to set up efficient tools to face this evolution as well as to restore
populations with capabilities of adaptation to the global changes.

A glacial relict near Paris: the reasons of its disappearance.

Arenaria grandiflora L. (Large-flowered Sandwort, Fig. 1) is a very rare caryophyllaceae in
the lowlands of France. More common in the Pyrenean and Alpine regions (Fig. 2), it is
considered as a glacial relict and is on the verge of extinction in the Fontainebleau forest, in
the Parisian region. In this forest, A. grandiflora is an emblematic species because this is one
of the oldest plant observation reported in the literature, by Tournefort in 1698.
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Abstract

Early childhood is a crucial period for the formation of human personality, intelligence and
social behaviour. Considering this fact, young children should be introduced to botanic
gardens. In this paper, educational programmes for young children of the Nezahat Gokyigit
Botanic Garden (NGBB) are looked at and the underlying educational principles of these
programmes will be presented.

Key words

Botanic Garden Education, Early Childhood, Environmental Education

Introduction

Today’s children are getting disconnected from nature day to day (Louv, 2006). They have
little chance to explore nature by direct experiences and according to Louv (2006) this loss is
underlined in many emotional and physical problems for them. Botanic gardens, that are
generally built in crowded urban cities, can make enormous contributions to maintaining this
connection between nature and humankind. Nezahat Gokyigit Botanic Garden (NGBB) is
one of these gardens, which opened in Istanbul, one of the most populated cities in the
world.

NGBB is a new botanic garden located in Turkey. The garden is unique in the sense that it is
the first and only botanic garden built in a motorway junction. The garden hosts over 150,000
visitors per year and, is the first, and only botanic garden running educational facilities in
Turkey. It offers a wide variety of educational facilities such as school's and children’s
programmes, adult education courses including practical horticulture training and botanical
illustration, public talks, exhibitions and so on. However, the focus of this article is
educational activities and the perspective of the garden for children in early childhood.

Early childhood is the period from conception to the beginning of primary school at about age
6 or 7 (Myers, 2002). According to Myers (2002) the early years have a great importance
because of rapid and dramatic changes in mental and physical characteristics. Formation of
intelligence, personality and social behaviour are completed largely within this period.
Especially, after age 3 children become independent explorers. So, botanic gardens should
aim to reach children between 3 to 6 or 7 years old to contribute to the development of
positive attitudes towards the environment. But, in which percent should botanic gardens
target young children? If botanic gardens would like to reach young children, they should
negotiate with families or schools. The survey done by Kneebone (2006) indicates that 58%
of the participant gardens target students between 0-5 ages and 74% of them target families.
Findings of the survey show young children are the least targeted group between school
groups. Also, it is not possible to say whether targeted family groups are ones with young
children or not. Why are preschool aged children the least targeted group among others? It
can be considered that it is difficult to reach this age group or the misunderstanding that
science is not for young children. However, it should be considered that preschool aged
children have a more flexible schedule than children in the obligatory schooling period. Also,
scientific process skills begin to be obtained in the early years (Lind, 1996). So, botanic
gardens need to reach young children and work on proper programmes that support
scientific skills, and environmentally friendly attitudes toward them.
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We have introduced some of them.... Do we take the responsibility to eradicate
them?

Kristina Bjureke
Natural History Museum and Botanical Garden, University of Oslo, P.O. Box 1172 Blindern,
NO-0318 Oslo, Norway.

Abstract

Invasive species have been spread from private gardens, parks and in many other ways,
among them from botanic gardens. Several of these involuntary introductions of alien
species into the nature have now become a severe threat to biodiversity. One of the new
duties for botanic gardens is to inform our visitors about alien species, cooperate with the
authorities in how to deal with the problematic invasive plant species, and take an active role
in eradication programmes. The botanic gardens have been guilty in introductions of
problematic alien plant species into nature and must feel their responsibility. Some examples
of how the Botanic Garden in Oslo, Norway, has started to deal with the problem are given.

Keywords

Invasive alien species, demonstration area, eradication, responsibility

In Norway the Norwegian Biodiversity Information Centre is responsible for our Red List
Database and Alien Species Database. They collect and coordinate facts from all
researchers and produce the Norwegian Red List and the Norwegian Black List. The first
Norwegian Red List came out in 1999, the second in 2006 and now in 2010 a third revised
version will be published. The first Norwegian Black List came out in 2007 and we will get the
next revised version in 2011.

But lists and databases don'’t reach out to the public. It is here we — the botanic gardens —
have an excellent opportunity. We are reaching the public, we provide guided tours and
educational programmes and we have the knowledge of rare threatened indigenous plants,
as well as introduced problematic species. And - as we must admit that we are responsible of
several introductions of plant species that have escaped into the nature - we must take this
opportunity of spreading knowledge about the topic “problematic alien species are a
considerable threat to indigenous species” seriously as well as compensating our own faults.

The little Noccaea caerulescens is a central European crucifer. It came to Norway with seed
mixtures sent to the Botanic Garden in Oslo in the early 19" century. It was first found
growing wild outside the Botanic Garden in 1874 and spread slowly until 1900. Since then it
has become naturalised in most of our long and narrow country. This is a tiny harmless plant
that wilts down after flowering, and it does not compete with the indigenous flora. Not many
escapes from botanic gardens are so exactly documented as this, and we must admit that
we don’t know how many species have escaped from our gardens. Ongoing studies divide
introduced plant species into different categories, from very harmful and strongly competitive,
to harmless and - so far - nothing to bother about.

The Botanic Garden has excellent opportunities to be community-oriented through:

1. Information to our visitors about both threatened, indigenous plants as well as problematic,
alien species.

2. Include threatened wild plant species and alien species into our educational programmes.
3. Cooperation with the authorities (locally, regionally and nationally), in species
identifications, education, training of staff and eradication plans.

4. Active participation in combating alien species.

5. Conducting experiment with eradication of alien species not problematic in other parts of
the world.
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Abstract

Botanic gardens with international collections provide a unique opportunity to help detect
potential invasive threats to forest health. Nursery stock is well-recognized as a major pathway
for the introduction of invasive insects and pathogens to native ecosystems. Plant health
regulators need help knowing what pests attack host plants abroad so they can develop ways to
encourage clean nursery stock production. The New Zealand expatriate plant pilot
demonstrated that systematic observation of native plants in botanical gardens overseas is
effective. Ten new pests were detected in just 14 overseas site visits. European Union
entomologists have initiated collaborative research with Chinese and Russian counterparts to
monitor plantings of European trees. A more holistic approach to monitoring and data sharing
could greatly strengthen our ability to predict pest problems before they arrive in new lands.

Keywords

Pathogens, pests, sentinel gardens

Introduction

Chestnut blight, Eurasian poplar leaf rust, white pine blister rust and sudden oak death are just
a few examples of forest diseases that were introduced into the United States via the nursery
stock pathway. For many agricultural products, the pests abroad are fairly well-known, and
phytosanitary measures can be developed to prevent their spread in fruits and vegetables
moving in trade. However, most forest pests were unknown to science before they established
in a new land and started causing big problems to the natural environment. Furthermore, the
volume of international trade in plants has grown so quickly that inspectors in ports of entry
simply cannot inspect them all. In the United States, only 2% of each shipment of incoming
nursery stock shipments is inspected. New countries entering the global trade also increase the
diversity of pests that can occur on nursery stock. The scientific community recognizes that
international communication and collaboration offer the best hopes for preventing new pest
incursions.

In response to this threat, we are beginning to develop a Sentinel Plant Network. Initial steps
involve enhancing the Botanic Gardens Conservation International (BGCI) databases to include
more gardens in PlantSearch, and information in GardenSearch on the plant health expertise
present in each garden. Training modules are being developed to help garden staff learn to
monitor their collections for insect and disease attacks, and know who to call when a new pest
is discovered. A unified system of data sharing needs to be developed to ensure that new
host/pest associations are recognized and used to help make trade in horticultural plants safer.

Methods

BGCI received funding from the United States Department of Agriculture (USDA) Animal and
Plant Health Inspection Service to increase the scope and content of their two existing global
botanic garden databases in order to support key components of the Sentinel Plant Network.
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Abstract

Networking opportunities are the key to effective and efficient capacity building and
support for botanic garden educators. Developing a solid infrastructure for any
network - with aims, objectives and clear development processes is equally critical
for effective network support and sustainability. The two networks discussed here,
the Botanic Garden Education Network (BGEN) in the UK and the network of
Argentinean botanic gardens (RAJB), provide case studies on how networks function
and the impact networking can have on delivery of programmes.

Key Words

Capacity building; communication methods; network; resource exchange; staff
support;

Case Study 1 - The Botanic Gardens Education Network (BGEN)

BGEN was started informally in 1994 by a small group of educators who wanted to
share their working experiences and programme ideas. Initially targeted at botanic
gardens education staff, and staffed by educators from a humber of botanic gardens
who volunteered their support, the network offered one annual training course and
produced a regular newsletter for members. In 2002, the committee held a number of
strategic development workshops and decided that it should operate on a more
business-like footing and started the application process to become a registered
charity and a company limited by guarantee, both of which were granted in 2003. The
registered office for BGEN Ltd is currently hosted by the Royal Botanic Gardens,
Kew. A strategy for fundraising was also put in place, ensuring sufficient money for
BGEN to employ a part-time coordinator. This post-holder administrates the day to
day activities of the network and maintains an excellent, timely e-network service for
all members.

With a new constitution and enlarged committee, BGEN redefined its mission
statement: ‘Supporting inspirational learning about plants and their importance’ and
refined its objectives as:

BGEN will work with its members to:

B Foster a greater awareness of the importance of plants and plant diversity
among people of all ages and cultures

B Encourage a responsible attitude towards the natural environment,
conservation and sustainability

B Provide a bridge between visitors and the varied skills and expertise of the
staff and volunteers of all member organisations

B [nterpret the living plant collections and other resources on-site (and where
appropriate, off-site)

B Promote awareness of and support for the aims and objectives of the
Convention on Biological Diversity (CBD), Global Strategy for Plant
Conservation (GSPC), Millennium Development Goals and other relevant
legislation
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Abstract

We assess the threats to the endemic plant diversity on the Macaronesian oceanic
insular hotspot, consisting of five Atlantic archipelagos where heterogeneous bio-
geographical, historical and political characteristics have determined contrasting
conservation priorities. A recent review identified invasive alien plants and vertebrates,
small population sizes and fragmentation, and demographic and economic growth as
the main overall drivers of plant diversity loss in this area. Cogent with deficiencies
detected on basic reproductive biology knowledge, taxonomy, and implementation of
scientifically streamlined in situ conservation strategies (including management of
invasives), priority actions to be undertaken by the botanic gardens in this region
should include (i) to foster multi-disciplinary research collaboration aimed at filling those
knowledge gaps, (ii) to monitor the possible effects of environmental shifts on plant
diversity, and (iii) to increase interaction between policy makers and researchers
through applying the resulting information. Ex situ conservation is a major priority for all
the endemic floras; consequently, the already existing herbaria, seed banks and DNA
banks should receive better institutional support. An international network of island
plant conservationists would be a major milestone to share knowledge and expertise
with other insular areas of the world facing similar challenges, and to better address
urgent conservation needs.

Introduction

Macaronesia is an oceanic insular biodiversity hotspot in the Atlantic Ocean with a total
land area of ca. 15,000 kilometres, and consisting of five archipelagos: from North to
South, Azores, Madeira, Selvagens, Canaries, and Cape Verde. This region
encompasses many minor islands and islets, and a total of 28 main islands, ranging
from only one in both Madeira and the Selvagens to ten in Cape Verde. Politically,
these archipelagos belong to three countries: the Azores, Madeira and Selvagens are
Portuguese overseas territories, the Canaries are Spanish, and Cape Verde is an
independent republic. Therefore, the laws, scientific priorities and practical policies to
investigate and preserve biodiversity in different archipelagos vary considerably.

The Macaronesian archipelagos are situated between mainland Africa and Europe,
which are also the main sources of the major colonizing stocks that gave rise to their
current and variably lush floristic makeups. According to the reconstructions in
published molecular phylogenies till last May (first author’s personal database), about
35% of the current Canarian endemic plant species have Mediterranean ancestors,
roughly 25% bear a closer relationship with North West African extant groups, 22% are
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The role of native species nurseries in mitigating threats from invasive
species: case studies from UK Overseas Territories

Colin Clubbe, Martin Hamilton & Marcella Corcoran
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Abstract

Many invasive species have been introduced via the horticulture trade during years
of plant exploration and movement of plants around the world. Pests and diseases
often piggy-back on these movements and find new hosts and prosper. Kew's UK
Overseas Territories Programme is developing strategies with Territory partners to
address these threats. The development of native species nurseries that supply
plants for conservation actions that mitigate invasive species threats are yielding
positive results. Three case studies are presented:

e St Helena: The St Helena Government is expanding the capacity of its
nursery to provide plants of native species for direct replacement of
invasive plants as they are removed in an ambitious restoration
programme.

e Cayman Islands: The native species nursery at Queen Elizabeth Il Botanic
Park is growing the ‘Cayman Collection’, thirty native species for sale in an
attempt to reduce the number of exotic species used in landscaping, many
of which are invasive or showing invasiveness potential.

o Turks & Caicos Islands: Turks & Caicos National Trust has established a
pine nursery to grow an ex situ, pest-free collection of the national tree,
Pinus caribaea var bahamensis. The wild populations of this endemic
variety are being decimated by an invasive scale insect and may become
locally extirpated.

Keywords

Cayman Islands; conservation; restoration; St Helena; Turks and Caicos Islands;

Introduction

The UK Overseas Territories (UKOTs) comprise 16 former colonies that retain their
direct British links and are part of the United Kingdom and they are British citizens.
Including many remote oceanic islands, the UK Overseas Territories contain unique
species and habitats and by far the most important UK biodiversity is located in the
Territories. Kew’'s UK Overseas Programme is helping UKOTs implement the Global
Strategy for Plant Conservation (GSPC). This paper illustrates some of the
approaches to tackling invasive species and helping achieve Target 10 (GSPC,
2002).

Like most biodiverse regions of the world, UKOT biodiversity is being threatened by
habitat loss and fragmentation, invasive alien species, development and the
increasing threat of global climate change (Millennium Ecosystem Assessment,
2005). However, if serious inroads are not made into tacking habitat loss, and in
particular invasives, in some Territories there will be no biodiversity left to be
impacted by climate change which will become a social issue and not a biodiversity
one.
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Native species nurseries and invasives

Kew is supporting developments in key botanical infrastructure in the UKOTs. These
include the establishment of native species nurseries working with local Botanic
Gardens, National Trusts and Government Departments. This paper illustrates three
contrasting invasive species challenges where the development of native species
nurseries has been a key element in tackling the invasive threat. These are drawn
from current projects in St Helena in the South Atlantic, and the Cayman Islands, and
the Turks and Caicos Islands in the Caribbean.

The remote island of St Helena has suffered from the negative impacts of invasive
species for centuries ever since the Portuguese discovered St Helena in 1502 and
left goats there as a source of fresh meat for passing sailors. Over-grazing by goats,
now largely removed, has left much of the lowlands as eroded Crown Wastes. The
Peaks were hugely modified towards the end of the 19th century by the commercial
planting of Phormium tenax (New Zealand flax) to provide an economy based on the
fibre extracted from the flax and used for a range of products including UK mail bags
until the market collapsed with the invention of lighter, waterproof plastic derivatives
in the 1960s. This has left St Helena’'s unique flora on the edge of extinction; six of
the approximately 50 endemic plant species are already thought to be extinct, many
species are down to single individuals and others have a very restricted distribution
(Ashmole & Ashmole, 2000; Cronk, 2000).

The first challenge was to get the native and endemic flora into secure ex situ
conservation and the Endemics Nursery at the Agriculture and Natural Resources
Department’s headquarters at Scotland was established to do just that (Figure 1).
The current project funded by the UK's Overseas Territories Environment
Programme (OTEP) is helping increase the capacity of this nursery through providing
both staff and training opportunities, both at Kew and in St Helena, as well upgrading
nursery facilities (UKOTCF, 2008). Virtually all the key endemic plants from both the
dry lands and from the moist cloud forest of the Peaks are now in cultivation and
being propagated in large numbers for re-introduction.

Lessons are being learnt from earlier restoration attempts which failed. For example
when removal of flax from the Peaks was first undertaken the time between removal
and plantings with native species was too long, allowing the establishment of even
worse invasive species. Austroeupatorium inulaefolium (whiteweed) is an insidious
invasive composite shrub, native to Central and South America and Caribbean
islands that produces huge numbers of seed and a long-lived seed bank and is a
much bigger problem than flax.

A major seed-collecting programme is underway (Figure 2). Seed is being collected
on St Helena and excess seed stored locally using a low-tech sealed drum
containing silica gel developed by Kew’'s Millennium Seed Bank Project. This
provides a simple and reliable way to dry seeds which can then be stored in sealed
foil packs in a fridge until they are needed for sowing in the nursery or for direct
sowing in the field. Seeds are also being collected from St Helena species in the
living collections at Kew for repatriation. This is particularly important for those
species that produce little or no seed on the island. For example, Mellissia
begoniifolia (St Helena boxwood) which is being hand pollinated and 13,000 seeds
have been collected this season to be sent to St Helena. This is critical as the
boxwood is extinct in the wild and the few ex situ individuals on St Helena were not
producing seed.

The current approach to restoration is to carefully clear invasive plants from specific
areas only when there are sufficient supplies of a suitable range of native/endemic
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species available in large enough numbers to plant out and get established to out-
compete invasives. Early indications are that this approach is working and the on-
going challenge is to produce enough plants in the nursery over a sustained period to
establish functional native habitats (Figure 3). The nursery management plan is now
producing thousands of plants, many of which have never been in cultivation before.
Resources, including sustained long-term funding remain challenges for the
continuation of this work.

The challenges in the Cayman Islands (CI) contrast starkly with those in St Helena.
The Cayman economy, based on the finance industry, has been vibrant and there is
a lot of development. Landscaping is an important component of new developments
and a norm is to use plants imported from Florida. There are no restrictions on
species and there are minimal quarantine regulations. Consequently several serious
invasives have been introduced which threaten native habitats.

Working with the CI Department of Environment (DoE) and the Queen Elizabeth I
Botanic Park (QEIIBP) in a Darwin Initiative funded project, the impact of invasives
and dealing with these threats was a central component (Darwin Initiative 2005). A
typical example is the coastal shrub, Scaevola taccada, native to the Indo-Pacific and
introduced as a landscaping plant and used widely for hedging. Scaevola taccada
has escaped cultivation and is converting the diverse, native coastal dune vegetation
into a monoculture of this fast-growing invasive. Many native species are in decline,
including the native S. plumieri, which is on the verge of local extirpation. The
identification of native species that can be used as native alternatives to non-native
invasive species is an important role for botanic gardens. For example the native
silver buttonwood (Conocarpus erectus var sereceus) makes a good substitute
hedge in new housing developments and has none of the problems associated with
using Scaevola taccada.

The most recent development is the establishment of a native tree nursery at QEIIBP
to grow native species for landscaping as a response to the current usage of non-
native and in some cases invasive species. This has been accompanied by a high
profile advertising campaign to encourage the use of native species for landscaping
(Figure 4) and the development of the ‘Cayman Collection’ — 30 native species
specifically chosen to meet the current landscaping needs. Attractive plant labels
have been produced with growing instructions and environmental information (Figure
5). The Cayman Collection has been a great success and it is a challenge keeping
up with demand. QEIIBP are negotiating with the Government for extra land to
expand production and also exploring links with private enterprise to diversify
production.

The plant labels, specifically designed for this project have been a great success,
appealing to a community interested in gardening and landscaping and we are
developing similar ‘local native collections’ in other projects, for example, in the
Falkland Islands. QEIIBP received some large orders including one to landscape the
new airport expansion on Grand Cayman. However, the economic downturn has
significantly affected the Cayman Islands and the airport expansion has been
postponed. A lot of businesses including the landscape trade have cut back
significantly and the long-term impacts are not yet known, but sales are very slow at
the Nursery.

In the Turks and Caicos Islands (TCI) the challenge is a very specific invasive pest
issue. The national tree of TCIl is the endemic Pinus caribaea var. bahamensis
(Caicos pine) and is suffering attack from an invasive scale insect first observed in
2005. This has been identified as Toumeyella parvicornis (Pine tortoise scale) which
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is a well known species in North America on the Pinaceae family, but this is a new
host record and the first record for the Caribbean region. The course of the
infestation has been rapid and five years on most of the TCI pineyards are populated
with dead and dying pine trees (Figure 6).

TClI's pineyards have been mapped and fieldwork is documenting the extent of the
scale’s spread (Figure 7). A pine recovery plan has been formulated and the first
phase of its implementation has been funded by the TCI Government. This included
establishing an ex situ collection of Caicos pine to secure the species in cultivation
and to build up stocks for potential reintroduction and restoration. To house the ex
situ collection a new pine nursery has been built and a comprehensive Caicos pine
collection programme started. Seed are collected where possible, but cone
production has been severely curtailed by the disease. In addition seedlings have
been rescued (Figure 8). Those that show signs of infection are treated with a soap
wash to remove the scale. There is now a healthy ex situ collection in a functioning
pine nursery and plans are underway for some experimental re-introductions on
Government land allocated to the project for trials. The next year will be critical and
funding has been secured for the next phase (UKOTCF, 2010).

Conclusions

These three contrasting case studies illustrate the range of invasive threats to unique
biodiversity of the UK Overseas Territories. The invasive species threat continues
and is getting worse, so a key requirement is for better bio-security to prevent new
establishments as well as containing existing ones. Native species nurseries are
proving vital in the fight against invasives, but there is a need for sustained funding
and greater capacity to really ensure success. There is a need to up-scale production
of native species in order to embark on large scale habitat restoration and species
recovery. There is a great opportunity to establish small commercial nurseries on
islands to work with the local Botanic Garden, National Trust, or Government
Department which can stimulate the local economy, whilst making a positive
contribution to conservation — a win-win situation. The funding model is a challenge,
but we have the techniques and know-how to tackle invasive species and pull the
pendulum back in favour of native communities.
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Figure 1: St Helena's Endemic Species Nursery
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Figure 2: Collecting and storing seed of St Helena’'s Endemic Flora
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Figure 3: Invasive clearance and reintroduction of endemic species in St Helena
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Figure 4: Promoting native species landscaping in Cayman Islands
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Figure 5: The Cayman Collection
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Figure 6: Impacts of the invasive pine tortoise scale in the Turks and Caicos Islands
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Figure 7: Mapping TCI's native pineyard habitats
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Figure 8: Collecting Pinus caribaea var. bahamensis
seeds and seedlings for the pine nursery in TCI
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Abstract

Kew's UK Overseas Territories (UKOTs) Programme has an active training and seed
collection programme with local partners in most of the UK’s sixteen Overseas
Territories. Seeds are being banked at the Millennium Seed Bank for long term
storage and conservation of these endemic and threatened species, contributing to
Target 8 of the GSPC. The strong capacity building element to this programme
contributes to Targets 15 and 16 of the GSPC.

Many of the threatened species being collected have never been in cultivation so as
part of documenting how to turn these seeds back into plants, horticulture protocols
for each of the threatened species are being developed. Some of the collected seed
comes to Kew to undergo germination trials and growing experiments in order to
document the most effective way of growing these plants to a stage where they can
be re-introduced back in native habitats. The protocol is written up, together with a
short quick nursery guide for sharing with local partners. These protocols also
contribute to Target 3 of the GSPC.

Introduction

The Royal Botanic Gardens, Kew's UK Overseas Territories Programme, has been
developing horticultural protocols for threatened plant species for the past 5 years.
This directly contributes to Target 3 of the Global Strategy for Plant Conservation
(GSPC, 2002).

The UKOTs comprise 16 former colonies that have elected to retain their direct
British links and as such form part of the Nation State of the United Kingdom and
they are British citizens. Including many remote oceanic islands, the UKOTs contain
unique species and habitats. UKOTs biodiversity is included in the UK'’s signatory of
Environmental Agreements, including the Convention on Biodiversity (CBD) and the
GSPC, once these agreements have been ratified locally.

Developing horticulture protocols

Individual Territories are quite different; however the GSPC has provided a really
useful framework for conservation action and helping UKOTSs to implement the GSPC
has become the Programme’s overarching goal. (UKOTs, 2010). The Programme’s
overall approach to developing and implementing conservation projects is very
practical. All of the projects involve documenting biodiversity to understand what
plants are found there; determining the origin of these plants; calculating their
distribution, and assessing the main threats, which enables Targets 1 and 2 of the
GSPC to be delivered.

With a comprehensive desk study complete, field based activities begin. This usually
includes baseline survey and mapping with our in-country partners which give the
opportunity to provide hands on training. The focus is on both habitat and species
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level information. This enables a better picture to develop of the vegetation and the
individual species. All of the field data are captured using handheld computers that
geo-reference these data allowing the mapping of species distributions and the
undertaking of modelling work as demonstrated in Figure 1 for Rondeletia buxifolia
(Clubbe et al, 2009; Jones, 2008).

Once the necessary baseline information has been obtained, species of the highest
conservation priority are targeted. These may be single island endemic species such
as Rondeletia buxifolia or restricted range species which occur on only a few islands
such as Charianthus purpureus both from the Caribbean island of Montserrat. The
target species may be threatened with extinction globally or extirpation locally as is
the case with the national tree of the Turks and Caicos Islands, Pinus caribaea var.
bahamensis. Some species may be at risk due to exploitation such as the Christmas
palm, Pseudophoenix sargentii, which has been over collected for landscaping in
Florida and the Bahamas archipelago. Finally, species may fall into any of the above
categories as well as being of some horticultural merit such as the St. Helena
endemic, Trochetiopsis ebenus.

In situ conservation is supported by a range of ex situ conservation activities and the
UKOTSs team have embarked on a comprehensive seed collection and conservation
programme in the Territories which is a natural extension to the Millennium Seed
Bank’s successful banking of most of the UK’'s mainland native flora. The field
activities are focused on capacity building and securing high quality collections of
seeds with associated herbarium vouchers (Figure 2).

In Territories support is given to key developments in botanical infrastructure. This
includes the establishment of native species nurseries. These nurseries are
encouraging the use of native species in landscaping as a response to the current
usage of non-native and, in some cases, invasive species. For example the
Falklands Islands native plant nursery, a joint venture between Falklands
Conservation and Stanley Growers, is producing native plants for the local market.
There are many horticultural introductions including Berberis microphylla that have
escaped cultivation, become seriously invasive, and are now causing major problems
at both a species and habitat level. These nurseries are also establishing ex situ
collections to be used for reintroduction and restoration such as the native plant
nursery on Ascension Island. The Ascension Nursery is growing endemic species for
restoration work following invasive species clearance. Endemic fern species, such as
Pteris adscensionis and Marattia purpurascens, which where once abundant on
Green Mountain, are being grown in large numbers for reintroduction.

At Kew there are many different nursery facilities providing the ability to grow plants
in a range of different growing conditions (Figure 3). Some, like the UKOTs Nursery
are small glass houses that enable close control of conditions specifically for UKOTs
collections. Other facilities, like the Tropical Nursery, house many different collections
across the 21 climatic zones. The staff who work in these facilities have a vast range
of knowledge and experience. These facilities and personnel allow the opportunity to
develop back to basics horticultural protocols for a range of species.

UKOTs seed collections banked at Kew’s Millennium Seed Bank are used to develop
horticultural protocols for threatened species. The protocols focus on producing the
best methods for germination of seed and cultivation of the species with low-tech
methods.

At Kew, the resulting plants will be used in public display areas, for research, and
education. Currently there are over 150 UKOT species being grown in the nurseries
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at Kew. Over 70 of these have been a result of seed collections for the MSBP. Many
species are currently being grown for full protocols as our contribution to GSPC
Target 3. For example: Acacia anegadensis (Hamilton et al 2007), Rondeletia
buxifolia (Corcoran et al 2009) and Cordia rupicola (Wenger et al 2010)

The process used in developing the protocols involves a team of horticultural staff in
the nurseries at Kew. Firstly the germination trial is carried out, then the cultivation
trial and finally the writing up of results after one year. UKOTs Programme and
nursery staff meet to discuss the protocol design. This is an opportunity to identify
members of staff with specific expertise with the species or a closely related species.

The design includes choosing the growing medium that will be used — normally two
different types, one that is close as possible in type to the natural soil, and the other a
standard coir/bark compost. Seed treatments are completed where necessary, for
example scarification or breaking dormancy and identifying the ideal growing
conditions. The temperature, humidity, and light levels are kept as close to the native
environment as possible. The number of replicates included is sometimes limited by
seed availability. When possible there are four pots of seed used as control and eight
pots of replicates used in the trial. Finally, members of staff are identified to take
responsibility for recording germination events and undertaking observations
throughout the protocol. This could take up to 6 months from the time of sowing,
however, will mostly range from 4-12 weeks for germination to stop.

On the day of sowing, the seeds are first divided into replicate groups. Then any
treatments required like scarification or chipping are completed. Media are prepared
and put into appropriate, labelled containers. The corresponding media type and
seed treatment is recorded in the nursery propagation record book. Once seed
sowing is completed the pots are placed in two different propagation units. As
germination occurs, cocktail sticks are used to mark each emerging seedling. These
markers will ensure that germination events are not under countered, if seedlings die.
The event is recorded on a dedicated germination record sheet.

Once the germination trial has been completed, the results are fully recorded. Then
before starting the cultivation trial, the seedlings are hardened off for a short period.
This hardening off period allows the seedling to become more robust, thus coping
better with the transfer to an individual pot. Different media and climate conditions
are again used for the replicates.

After potting, the seedlings are returned to the propagation units for a short period
before being transferred to their cultivation trial areas. The plants are grown for a full
year with observations being undertaken weekly to start with, and then monthly after
approximately four weeks, to record overall health and to note any pest and disease
or watering issues.

After growing for one year the protocol plants are brought together for a final
recording of results. The team of UKOTs Programme Volunteers are usually involved
in this process to provide exposure to the volunteers to the wider activities of the
UKOTs programme (Figure 4).

Depending on the species, the results recorded differ; however, generally the main
interest is in growth rates, any signs of reproduction, and overall health of each plant.
These results help to identify the best methods for germination of seed and
cultivation of the species using low-tech methods.
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Obviously there are different approaches to employ for plants that are destined for
field restoration and those for display or retail markets. This is taken into account in
the protocol design and the final report.

Two examples of protocols that have been recently completed are Acacia
anegadensis, a legume tree endemic to the British Virgin Islands (Hamilton et al,
2007). This protocol was the pilot and established the overall protocol practices and
procedures as well as the cross departmental relationships for the programme. The
second was Rondeletia buxifolia, a Rubiaceae shrub endemic to the island of
Montserrat (Corcoran et al 2009). It is threatened by an active volcano, invasive
species of plants and animals, and development of local infrastructure.

The results from these protocols are combined with the most up-to-date information
about the species taxonomy, distribution, threats in the wild and other conservation
concerns. The reports are made available to our in-country collaborators first for
comment and use before being made freely available via the Kew website.
(www.kew.org)

The Programme has expanded over recent years through the many successful
achievements and collaborations. The next year will again see an expansion of
activities with many new species being grown at Kew. Several species encountered
have required specialist assistance. In these cases, the work is carried out with the
staff in Kew’s micro-propagation unit. These specialist protocols are undertaken due
to the species being difficult to grow, they require special conditions that can only be
achieved in the laboratory, or limited propagation material is available (Figure 5).

Currently growing in the micro propagation unit are species from many Territories
including several Caribbean orchids, as well as many fern species from Bermuda and
Ascension Island including the recently rediscovered Anogramma ascensionis. This
fern was rediscovered on Ascension Island after not having been seen for more than
fifty years (BBC, 2010).

Once the protocol has been completed plants are incorporated into public displays
with interpretation that tells visitors about the significance of their conservation. The
plants are also used as a teaching tool for students and visitors.

Conclusion

Through collaboration with UKOTSs partners, these protocols will hopefully provide the
basis for producing plants that will be used for reintroduction of the species in the
wild and for the restoration of habitats. The main driver for this work is to prevent any
more species extinctions. The last individual of Nesiota elliptica (St Helena olive) died
in 2003. This resulted in the extinction of this species which now only remains as a
sample in the Kew DNA bank. It is vital to ensure that threatened species are secure
in well-managed collections, such as Mellissia begoniifolia (boxwood) from St.
Helena which is now extinct in the wild. Because Mellissia begoniifolia is being grown
at Kew this has enabled intensive hand pollination to be undertaken which has
resulted in 13,000 seeds being collected in 2010, most of which are being sent back
to St. Helena for local use (Figure 6).

The GSPC has provided an excellent framework to enable conservation in the UK'’s
precious Overseas Territories and will continue to do so in the post-2010 period.
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Figure 1. Rondeletia buxifolia Prediction Map, Montserrat

Figure 2: Field activities supporting in-situ conservation
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Figure 4. UKOT Programme staff and volunteers carry out the final recording
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Kew

Figure 6: Hand pollination of Mellissia begoniifolia in the Tropical nursery at
RBG Kew.
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Abstract

The impact of the Access and Benefit Sharing regime on gardening in the UK is discussed
and suggestions are made for how this sector of horticulture may be encouraged and
supported to operate within the framework of the CBD.
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Horticulture and gardening

Horticulture is a diverse area of activity embracing large-scale cultivation of horticultural
crops, more akin to agriculture or forestry, to individual and amateur cultivation of plants for
food or aesthetic reasons. It is the latter part, which might be referred to as small-scale
specialist horticulture, or gardening, which covers the public parks and arboreta, private
gardens and domestic gardening, specialist nurseries, garden centres and specialist
societies. By and large it is interested in growing a wide range of different plants, often
introducing new plants to cultivation, as well as specialising in growing as many kinds of
certain groups of plants. There is a low financial motive and often interest in growing plants
outweighs profit and, as such, represents a small part of the horticultural industry. In many
ways — and traditionally — it is closest to the botanic gardens, and in the past botanic
gardens have recognized the contribution of this sector in sharing plants. Indeed this used to
be a two way flow. Practitioners in this sector (gardeners) have frequently been, and
continue to be, experts in the cultivation and identification of the plants they specialize in.

It is important to make this distinction within horticulture as it is that interest in diversity and
growing new and scarce plants which means this sector is impacted by ABS more than other
parts of horticulture while their contribution to ex situ conservation is much greater. The low
profit margin makes any prospect of financial return under Mutually Agreed Terms (MAT)
arrangements impractical, although there is great potential for non-financial returns which
are also proposed in the Bonn Guidelines (2002). For horticulture in general the suggestion
of a fair trade scheme that would see financial benefits returned to source countries has
been put forward (Demers, 2007).

The need for a continued introduction of new genetic diversity

It could be argued that with over 70,000 plants available in the UK (RHS Plant Finder, 2010-
11) there is little need for further plants to be brought in from other parts of the world. Some
would say that this continued influx represents a risk to the natural biodiversity of the
recipient country although equally it could be said of the UK that the ‘natural’ habitats have
been so seriously changed by human activity over the past 6,000 years, that this is nothing
like the threat that invasive plants present to pristine, biodiversity-rich areas of the world.
Further, as gardening and public green spaces are an important part of people’s quality of
life and wellbeing, it is vital that we maintain a healthy stock of plants for horticulture through
the introduction of new plants. There are at least three reasons for this:

0] Some plants are represented in cultivation by a single genotype and are
consequently prone to a loss of vitality arising from repeated vegetative
propagation. To maintain them new and different genotypes need to be brought
in.
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(i) As pointed out earlier, specialist gardeners often have the skills to successfully
cultivate difficult or rare plants that botanic gardens have not sufficient resources
for. This is an actual, and potentially greater, role for ex situ conservation for
gardeners. This is exemplified by the work of Plant Heritage in the UK.

(i) As we face an uncertain future with climate change, there is a need for new
genotypes and plants to improve horticulture’s ability to adapt to a changed climate
and continue to provide a healthy green environment, especially in urban areas.

The impact of the CBD on gardening

It may be disappointing to those who look to the CBD to deliver fair and equitable benefits to
realise that within horticulture, certainly in the UK but probably elsewhere also, that the CBD
is either regarded with indifference or as a distinct threat (for instance see Richards, 2006).
This is not universally so and indeed there is considerable sympathy for the aims and
intentions of the CBD although there are some who challenge the concept of the right of
governments or people to “own” natural diversity which is fundamental to the CBD (Watson,
2006). More concern exists around the perceived bureaucratic barriers or even the apparent
lack in some countries of any national body to process requests to collect, therefore making
it extremely difficult to operate legitimately. The introduction of Certificates of Origin as
envisaged in proposals for tightening the ABS regime would only exacerbate this. Tobin et
al. (2004) in their review of the proposed certificate of origin scheme conclude, “Furthermore
any system must not be so bureaucratic or costly that the transaction costs effectively
consume the potential benefits.” For the gardening sector, this is an acutely relevant
concern. This situation encourages continued unlicensed plant collection, creating a pool of
‘illegal’ plants in cultivation. It is also the case that plants have been collected after the date
of coming into force of the CBD in 1993 but before the implications of the CBD were more
widely understood which are, in effect, ‘illegal’ since they are not covered by a permit to
collect. These are informally referred to as ‘grey’ plants.

Over the past 10 to 15 years botanic gardens have introduced strict control over plant
material in their collections even, in some cases, to material that is not covered by the
requirements of the CBD. For similar reasons botanic gardens often will not accept plants
into their collections from horticulture due to concern that these may contravene the CBD,
such as the ‘grey’ plants mentioned above. There is awareness of new plants coming in to
cultivation but restrictive Material Transfer Agreements mean that these plants remain wholly
within the botanical garden network. This has ended to a greater extent the exchange of
plants between botanic gardens and horticulture in the UK.

The sense of threat or scepticism seems to have arisen from a failure of both parties to
engage, or even in reality, to fully understand each other. Even for those in horticulture
aware of the evolving nature of CBD find it difficult to represent their views and contribute to
the process, either through the lack of a forum for this to take place, or due to a lack of
resources. Not only should it be possible for, it is also desirable that gardening and
horticulture work within the ABS regime. There are real opportunities for benefits in kind to
be provided to source countries through capacity building and training. Indeed pilot schemes
for this have been run in the UK, although these have not yet resulted in any visible flow of
new plants into horticulture. These issues were highlighted in the Growing Heritage Action
Plan (2007) which sets out key actions for the development of the conservation of cultivated
plants in the UK.

Conclusions

In conclusion, to encourage gardening and horticulture to support and work within the CBD
and specifically the ABS regime, a mechanism needs to be found for more effective
engagement with the CBD process. There also needs to be a greater recognition of the
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actual and potential benefits for ex situ conservation which gardening can provide, which
should, in turn be reflected in the way the ABS regime is applied to gardening. However,
gardening and horticulture need to demonstrate what they can do to return benefits to
source countries and show that they respect the custodianship by those countries of their
genetic diversity. Arising from this, it is hoped that a new partnership with Botanic Gardens
can be developed.
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Abstract

Countries worldwide will decide on adopting the draft Protocol on Access to Genetic
Resources and Benefit-Sharing at the 10th meeting of the Conference of the Parties to
the Convention on Biological Diversity in October 2010. Public research representatives
are asking Parties to consider simplified access procedures for non-commercial
research. The challenge for this very diverse sector, which includes many botanical
gardens, is to convince Parties that such research can be clearly distinguished from
commercial research, and that material accessed for non-commercial purposes will not
later be used commercially, without the original providers’ consent for the new use. A
key distinguishing factor is the treatment of information: non-commercial researchers
share it publicly, while commercial sectors tend to withhold it. However, there are also
concerns about how original providers can benefit when information placed in the public
domain is later used for commercial purposes. To gain trust, researchers must show that
they do obey national laws, do keep track of material and do share benefits directly with
countries of origin, not only global benefits for the international scientific community.
Measures in the draft Protocol that will affect botanical garden research include
monitoring and reporting requirements, possibly using a ‘certificate of compliance’ with
national rules. Other measures include model legal agreements, codes of conduct and
best practice standards, and awareness-raising measures such as help desks.
Ultimately it is vital for gardens to keep informed about the issues, to share their
concerns and successes with their national policymakers, and to continue to work in
benefit-sharing partnerships.

A new access and benefit-sharing Protocol

Countries and biodiversity stakeholders worldwide are embroiled in final negotiations to
develop a new international regime under the Convention on Biological Diversity (CBD)
to govern access to genetic resources and benefit-sharing (ABS). The talks are due to
end in October 2010 at the 10™ meeting of the Conference of the Parties to the CBD
(COP10), with the adoption of a Protocol on ABS containing legally-binding and
voluntary measures. The call for an ABS regime came from the World Summit on
Sustainable Development in 2002. The voluntary Bonn Guidelines (adopted earlier that
year) were not thought strong enough by many biodiverse developing countries to
compel users to share benefits and stop ‘biopiracy’, or the misappropriation of genetic
resources (use without the consent of, or benefit-sharing with, the provider). The new
Protocol is intended to provide a more coherent framework for ABS, with tougher
compliance measures, to ensure that providers’ ABS laws are followed once genetic
resources leave their countries of origin. It will require significant action by the users of
genetic resources and their governments. Its success will depend on whether or not
Parties can agree on practical and affordable measures that will deal with
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misappropriation but not stifle the collaborative research and innovation that generate
the benefits to be shared.

Botanical gardens are key players because of their holdings and links to countries of
origin and a range of research sectors. Many gardens are actively involved in non-
commercial research, in areas such as taxonomy, ecology and practical conservation.
This paper examines how, in particular, the non-commercial research sector has been
participating in the talks, and introduces some of the most relevant measures in the draft
Protocol.

Negotiators widely recognise that non-commercial biodiversity research is critical for
CBD implementation, and institutional resources are limited, but there is no clear
consensus about how the ABS Protocol should handle such research. The main concern
is how to ensure that material does not change uses without provider consent. Material
collected for non-commercial use can end up being used for commercial purposes,
whether through unanticipated discoveries by the original researchers, transfer to
commercial users, or commercial use of information in public databases or publications.
Clearly the ABS Protocol should enable law-abiding researchers to work and share
benefits, but providers fear that if access for non-commercial use is made significantly
faster, cheaper and/or simpler, all users will aim for that route, and material may slip into
commercial use without provider authorisation. Also, a simpler or faster process might
not give indigenous and local communities enough involvement in decision-making.

Compliance issues for non-commercial researchers

Currently, though ABS awareness and experience is growing in the international
scientific community, and some botanical gardens in particular are regarded as models
of appropriate behaviour, researchers do not always fully follow countries’ laws or ABS
good practice. Some compliance issues include not getting all the right permits, not
engaging with local communities, not sharing appropriate benefits, using or passing
material to others without checking the provider’'s terms, and releasing information to the
public domain without provider consent. But even ABS-aware researchers are finding
that many countries’ new ABS laws are confusing and cumbersome (e.g. see Kamau
2009). ABS is especially challenging when traditional knowledge is involved, as the
process of gaining consent from indigenous and local communities can be very complex
and the public dissemination of research results is particularly problematic. The rise of
DNA barcoding is bringing many concerns into focus, as projects require the legal
acquisition and transfer of millions of specimens between countries, and researchers
must ultimately convince providers worldwide that they fully benefit from global
information-sharing, and that benefits from future commercial use of data and tools can
also be shared.

Participation in the ABS talks

Research institution representatives regularly take part in ABS meetings, independently
or from within government delegations. However, until recently there has been no
coordinated input to the ABS talks. The numbers of institutions and transactions involved
in DNA barcoding have provided a major new impetus for involvement. The Consortium
for the Barcode of Life, with other research and funding organisations, organised a
workshop on ABS and non-commercial research in November 2008 (CBOL et al., 2008).
It was timed to offer input to two CBD-convened expert meetings that provided technical
and legal advice to the final negotiation rounds. The first expert meeting (CBD, 2008)
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explored problematic terms (e.g. ‘derivatives’ of genetic resources) and how different
sectors use genetic resources. The second expert meeting (CBD, 2009) dealt with
compliance issues, including whether to develop special measures for non-commercial
research and how to deal with changes in use, and also looked at current voluntary
measures. (A third expert meeting tackled traditional knowledge issues, but did not
directly involve non-commercial research.) An ABS Business and Science Dialogue
(convened by the United Nations University/Institute of Advanced Studies in December
2009) provided an opportunity for representatives from industry and science to exchange
ideas with CBD negotiators. Two research representatives also participated in a ‘Friends
of the Co-Chairs’ (of the ABS Working Group) meeting in January 2010. And ‘Public
Research’ now has two seats at the Inter-regional Negotiation Group (ING) table,
allowing representatives to provide guidance to the meeting. This is an unprecedented
opportunity, though like industry and civil society representatives, they can only propose
text through Parties. The ING will meet again in mid-September to resolve outstanding
issues.

Simplified rules for non-commercial research?

The central proposal from the non-commercial research sector is that there should be
simplified access procedures for non-commercial use. Since the same institutions and
technologies and even researchers can be involved in both kinds of projects, we need to
be able to distinguish non-commercial from commercial uses so that changes can be
recognised. The ABS workshop described several ‘communities of research practice’
that are not usually involved in commercial research, and suggested that the major way
in which their projects differed from commercial projects is how they willingly commit to
putting their results in the public domain through data release and publication, sharing
benefits globally.

The expert group on terms and sectors described a list of typical uses and explored
differences between sectors and, like the workshop, agreed that willingness to share
information was a specific characteristic of the non-commercial research sector. The
expert group also pointed out that many commercial sectors need access for basic
research before developing value chains, and that they mainly source material from ex
situ collections and intermediaries. Unfortunately for the public research community,
those points make it more difficult to argue for simplified access, though researchers
highlighted their commitment to following laws and codes of conduct and using standard
agreements that require benefit-sharing and provider consent for new uses.

The compliance expert group considered two possibilities for countries: simple access
for both uses, with strong remedies and sanctions, or a more streamlined process for
non-commercial use, using mutually agreed terms to address any later change in use.
However, this group generally considered that each country should decide whether to
adopt simplified procedures. The Business and Science Dialogue participants noted the
danger of creating loopholes by treating non-commercial research differently, and
suggested that for legal certainty the ABS Protocol should cover the whole chain of ABS,
including intermediaries. At the most recent round of ABS negotiations (July 2010), the
research sector emphasised its commitment to complying with the Protocol and gained
support for simplified procedures, but there is not yet a consensus.

Paradoxically, problems may loom for the non-commercial research sector because of
its self-defining characteristic: public sharing of information. This is a growing concern for
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some providers, who fear loss of control because increasingly data, not samples, are
transferred between countries, then published and sometimes later mined by others for
commercial benefit. The challenge is to find ways to share information for the public
good that will also enable original providers to retain some control and receive benefits
from downstream use. Licensing schemes such as the Science Commons may help to
enable broad information sharing with links to providers and mutually-agreed terms.

Measures in the draft ABS Protocol

Though the talks are due to end soon, the treaty text is not yet finalised, and some
critical issues for institutions are unresolved, such as whether the Protocol will cover new
uses of pre-CBD material. Compliance is at the heart of the Protocol. Most developing
countries are pushing for strong monitoring and reporting requirements, based on
mandatory ‘certificates of compliance’ to accompany genetic resources (and possibly
their derivatives), to show provider consent has been gained and terms have been
agreed, and a web-based ABS Clearing House. The certificates would contain certain
minimum information and a tracking code. A checkpoint system would ensure
certificates have been obtained. Proposed checkpoints include patent offices, but also
public research institutions and science publishers. Such a scheme would obviously
have tremendous impact on researchers and collections — though if it were well-
implemented it might compare positively to current processes for getting multiple
permits, and create greater legal certainty for collections. A number of developed
countries are attempting to remove detail on certificates and checkpoints from the
Protocol at this stage to allow for further consideration of the considerable challenges,
possibly during the Protocol’s implementation phase.

The voluntary measures in the draft are generally very positive for research. ‘Model
contractual clauses’ for different sectors should help to bring down the difficulty and cost
of setting up legal agreements between providers and users. The Swiss Academy of
Sciences is already working on a draft model agreement for non-commercial academic
research. The draft Protocol also suggests a clear role for best practice standards and
codes of conduct — already widely used by gardens. The draft treaty text proposes that
codes and standards should be updated and that the meeting of the Parties to the
Protocol should periodically take stock of codes and model clauses, so botanic gardens
and research institutions will need to keep track of ABS developments. Awareness-
raising has its own article in the draft Protocol, and the suggested measures for Parties —
most particularly the establishment and maintenance of help desks — would provide
invaluable practical help for researchers. We must urge our governments to take these
actions.

What next?

Non-commercial research has a coordinated presence at the negotiation table — and the
Protocol will only be a workable instrument with our participation (see Martinez, 2010).
People wishing to provide specific input on the draft should contact their ABS national
focal points and also the Global Taxonomy Initiative coordination mechanism steering
committee and BGCI. Meeting updates will be posted on the BGCI ABS web pages.

The research community’s credibility at the ABS talks is only as good as our
commitment to complying with the Protocol, national laws and best practice, so we must
keep working on ABS basics at home: using codes and guidelines (such as the
Principles on ABS and the International Plant Exchange Network’s Code of Conduct),

Proceedings of the 4t Global Botanic Gardens Congress, June 2010 Page 4



Non-commercial research and the ABS Protocol: what next? Davis

developing an ABS policy, getting the right permits and consents, keeping track of terms
and using material as terms allow, and most importantly, working collaboratively and
sharing benefits (see checklist in Davis, 2008). We also need to build sturdy two-way
relationships with our ABS national focal points — to help our governments to understand
practical issues and to design workable measures, and to ask for their assistance and
support for our compliance.
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Abstract

On the occasion of the complete refurbishing of the National Natural History Museum
(MNHN) facilities for the tropical plant collections, a New Caledonian glasshouse (Serre
de Nouvelle-Calédonie) has been created. The implication of the past and current
MNHN research teams in the study of the Flora of New Caledonia and the strong
collaboration between the MNHN and New Caledonian Institutions have guided the
choice of this new thematic. The new glasshouse is a showcase to present the unique
and fragile New Caledonian flora and habitats through five distinctive ecosystems: the
rainforest, the dry forest, the mine maquis, the savannah and the mangrove. It has
become a public information platform on the conservation and research activities and
programmes of the Museum and collaborating institutions, particularly the programme
for the conservation of dry forests. An original scenography completes the plant and
landscape presentations.
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Presenting the flora and habitats of New Caledonia

On the occasion of the complete refurbishing of the National Natural History Museum
(MNHN) facilities for the tropical plant collections, a New Caledonian glasshouse (Serre
de Nouvelle-Calédonie) has been created. The implication of the past and current
MNHN research teams in the study of the Flora of New Caledonia and the strong
collaboration between MNHN and New Caledonian Institutions and Conservation
programmes (IRD, IAC, Maison de la Nouvelle-Calédonie and Programme de
Conservation des Foréts Seches de Nouvelle-Calédonie) have guided the choice of this
new thematic.

A necessary renovation and opportunity for defining new targets

The New Caledonian collections are housed in one of the two superb metal and glass
pavilions designed by Charles Rohault de Fleury, and built from 1834-1836. They are
sited in the heart of the Jardin des Plantes in Paris.

The renovation project was not only the occasion to improve the security and the access
of the Great Glasshouses of the Jardin des Plantes (Joly et al., 2010) but it created the
opportunity to redefine the conception and the thematics. Before the renovation, the New
Caledonian glasshouse was the home of Mexican plants and xerophytes from arid land.
In the contiguous glasshouse, a large art-deco building erected in 1936-1937, the
presentation of various tropical plants has been enriched and is now dedicated to the
vegetation of the Tropical Rainforest.

Furthermore, two other glasshouses have been opened to the public. In the second
Rohault de Fleury’s pavilion, the former collection of Australian, New Zealand and South
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African plants has been replaced by plants from very ancient families and fossil casts of
extinct groups and is now devoted to the history of plants. The long gallery which was
used for multiplication, care and storage has become the glasshouse of desert and arid
land plants.

New Caledonia, an archipelago with an exceptional endemicity

Discovered by James Cook in 1774 and situated in Oceania, New Caledonia is
composed of the islands of Grande Terre, Ouvéa, Lifou, Tiga and Maré, the Archipelago
of Belep, lle des Pins and a few remote islands. Attached to France in 1853 and part of
the French overseas territories, the statute of New Caledonia was redefined in 1999 on
the basis of the Noumea Agreement (1998) which increases its autonomy.

With exceptional endemic flora and fauna species and natural habitats (Violette, 2009;
Joannot, 2008; Jaffré et al., 2001; Jaffré & Veillon, 1994), it is the smallest of the
hotspots of biodiversity in the world. The lagoons received a UNESCO recognition as an
exceptional heritage on 7™ July 2008 under the name “Lagoons of New Caledonia: reef
diversity and associated Ecosystems” for their exceptional natural beauty and diversity
of coral and fish species, a continuum of habitats from mangroves to sea grasses.

With an area of 18,575 km?, New Caledonia (NC) is the home of 2,430 endemic species
(76% of the flora), five endemic families: Amborellaceae, Oncothecaceae,
Paracryphiaceae, Phelliniaceae, Strasburgeriaceae, and 108 endemic genera among
which are Arthroclianthus, Austrotaxus, Beauprea, Codia, Pancheria, Strasburgeria, etc.
It claims the world's only parasitic conifer (Parasitaxus ustus) and nearly two-thirds of the
world's species of Araucaria trees, all of which are endemic.

The threats to this unique flora are numerous: fires, land development exploitation such
as intensive nickel mining, forest destruction and the spread of invasive plant and animal
species to count but a few.

Five contrasted ecosystems

The new glasshouse is a showcase to present the unique and fragile New Caledonian
flora and habitats through five distinctive ecosystems: the rainforest, the dry forest, the
mine magquis, the savannah and the mangrove. Characteristic species, mostly endemic,
come from the MNHN plant collections, have been shipped by air from the archipelago,
or have been provided by the Royal Botanic Gardens Edinburgh and Kew and the Paris
Auteuil greenhouses. The plants have been installed in the five different habitats and are
now growing well. In addition, this glasshouse has become a public information platform
on the New Caledonian conservation and research activities and programmes of the
Museum and collaborating institutions, particularly the “Programme de Conservation des
Foréts Séches” (PCFS). An original scenography completes the plant and lansdcape
presentations.

1. The humid forest

The humid forest is a paradise for botanists, counting around 2,000 plant species, with
82% endemics. Its covers an area of 4,000 km2 (21% of the archipelago) and receives
1,500mm annual rainfall. Conifers, palms, tree ferns and orchids are characteristic
elements of the flora, most of them endemics, along with many trees and shrubs, herbs,
mosses, lichens, epiphytes and parasites. The humus and root system holds the soil
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(acid, ultramafic or limy), an essential role against erosion.

Iconic species include the shrubby Amborella trichopoda (Amborellaceae), already
present for 140 million years, and thought to be the most ancient flowering plant on the
planet. The Kagu bird, the emblem of the country, whose song is a sort of high pitched
bark, is a vulnerable species as it doesn't fly and it is the only surviving bird in its family.

Araucaria, Agathis and some other conifers and tree species come from the MNHN
collections and from other botanic gardens. Most other species have been introduced
from New Caledonian nurseries: palms (Alloschmidia glabrata, Cyphophoenix elegans,
Kentiopsis spp...), tree ferns (Cyathea intermedia), trees and shrubs from several
families: Araliaceae, Cunoniaceae, Hernandiaceae, Myrtaceae, Pittosporaceae,
Rubiaceae...

2. The dry forest

The ‘sclerophyllous’ or dry forest receives less than 1,100mm annual rainfall and
comprises more than 450 plant species, with no palms, no conifers, few orchids but a
wealth of remarkable plants with rare, ornamental and medicinal species. 57% are New
Caledonian endemics and 13% are dry forest endemics. A rich but understudied fauna
with insects, birds, reptiles and gastropods (bulimes), with numerous endemic species
also live in this unique formation.

The dry forest is one of the most threatened ecosystems on the planet (Gillespie &
Jaffré, 2003), only remaining in a surface area of 50 km2 (1% of its original size!). Today
it is very much reduced and fragmented due to human activities (fires, firewood) and the
establishment of introduced species (invasives).

An ambitious conservation Programme of Dry Forests (Programme de Conservation des
Foréts Séches de Nouvelle-Calédonie, PCFS; Gunther/IAC, 2004) was implemented in
2002 to inventory, preserve, restore, enhance and manage sustainably the remnants of
dry forests now considered as ecological, patrimonial and economical treasures.

Some characteristic species are planted in the glasshouse, such as: Pittosporum
tanianum, a very rare species that has been saved from extinction, and many other
Pittosporum species (P. brevispinum, P. cherrieri, P. coccineum...), Terminalia cherrieri,
one of the dry forest's tallest tree, Turbina inopinata, a vine with pink trumpet flowers,
Ixora (Captaincookia) margaretae, a rare and small monocaulous and cauliflorous treelet
with abundant pink flowers, and also other botanic treasures such as Arthroclianthus sp.,
Oxera pulchella, Oxera sulfurea, Jasminum spp. and the New Caledonian endemic rice,
Oryza neocaledonica.

3. The mine maquis

It spreads over 4,500 km2 (24% of the archipelago) and receives 800 to 4,000mm annual
rainfall. The mine maquis hosts 1,200 plant species with an exceptional endemicity rate
of 90%!,

It is made of slow growing, shrubby, and herbaceous species. This is a result of the
repeated fires and the slow destruction of the humid forest. This vegetation grows on
ultramafic soils, rich in nickel, chrome, iron, and cobalt forming a unique vegetation,
essential against erosion.
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The soil shows low levels of water, azote and phosphore and high concentrations of
minerals toxic to plants. Remarkable adaptations and even nickel accumulation are
observed in some maquis species like the beautiful tree Geissois pruinosa
(Cunoniaceae). The rehabilitation of sites destroyed by mine exploitation uses such
species, which also help to detoxify the soails.

The mine magquis is home of unique conifers like Retrophyllum minor, the ‘bois bouchon’
a species with a very light wood, Neocallitropsis pancheri, Araucaria muelleri and the
very rare Dacrydium guillauminii. Some other very characteristic families are
represented in the glasshouse including the Myrtaceae (Xanthostemon laurinus,
Sannantha leratii...), the Proteaceae (Stenocarpus milnei, Beauprea
spathulaefolia...) and the Cunoniaceae (Geissois pruinosa).

4. The savannah

The savannah spreads over an area of 6,000 km? on the North and West coast of
Grande Terre (31% of the archipelago) and includes 130 plant species representing 6%
of endemic species. It receives about 1,000mm annual rainfall. It is a secondary
formation resulting from the degradation of the humid and dry forests, after fires. The
‘niaoulis’ Melaleuca quinquenervia (Myrtaceae) are emblematic trees of the savannah
while invasive plants like Lantana camara, Psidium guajava, Leucaena leucocephlala
and the ‘gaiac’ Acacia spirorbis are locally well developed. Some orchids are found like
Spathoglottis vieillardii (S. plicata).

The wild pigs, rats and goats are also threatening the equilibrium of the natural
environments and local biodiversity, as well as the electric ant Wasmannia auropunctata.
The deer Cervus timorensis russa, introduced in 1870 is a pest for forests and cultivated
ground. It is now part of a monitoring programme.

5. The mangrove

The mangrove covers 200 km2 (1% of the archipelago) and receives 1,000mm of rain
per year. It is formed of very few (about 20) tree or treelet species which form large
populations. This ecosystem constitutes a wealth of biodiversity where birds, fishes (260
species inventoried) and crustaceans abound. It is highly threatened by urbanization and
mining pollution. Some species are used by the local populations, such as the bark of
Bruguiera, rich in tannins, which is used to paint the hairs of the great bats used in the
local ceremonies.

Sonneratia alba, Bruguiera gymnorrhiza, Avicennia marina, Rhizophora apiculata and
some other characteristic species are shown to the public, despite difficulties in
maintaining the necessary environmental conditions for their cultivation.

A link with the MNHN studies and conservation projects

For more than 150 years the MNHN botanists have highly contributed to the knowledge
of the New Caledonian flora and habitats, enriching at the same time the Paris
Herbarium and publishing the ‘Flore de la Nouvelle-Calédonie’ and many other articles.
MNHN is pursuing taxononomic studies on the archipelago's flora (e.g. in the Fabaceae
genus Arthroclianthus) and on the biodiversity of fish and corals. The new glasshouse
has created an opportunity for the MNHN researchers to participate in the pedagogical

Proceedings of the 4th Global Botanic Gardens Congress, June 2010 Page 4



A window on the unique and fragile New Caledonian flora and habitats Delmas & Larpin

project and present their research to the public.

It has also strengthened a collaboration with people engaged in conservation actions on
the New Caledonian flora and endangered habitats like the ‘International Conifer
inventory and conservation programme , ICCP’ initiated by the Royal Botanic Gardens
Edinburgh, the ‘Programme de Conservation des Foréts Seches de Nouvelle-Calédone’
and other local initiatives such as mangrove preservation.

Scenography and educational targets

Presenting the New Caledonian Flora to the public on a small scale was a real
challenge, the landscaping and the selection of species should provide a good evocation
of the New Caledonian habitats. Additionally, the scenography highlights specific
aspects of the local environment of each relevant habitat:

the humid forest: with a focus on endemism,

o the dry forest: on plant richness and extreme threats
the mine magquis: on exploitation (mines), soil degradation, endemism and
exceptional plant adaptations

. the savannah: on biological invasions, transitions and degradation of habitats

o and the mangrove: on the importance of the fauna and environmental threats

A steel vine, integrated in the presentations, is the conducting thread that supports the
information. It is completed by high definition large screens that display a selection of
photos of New Caledonian plants. An innovative technology simulating plant growth on
small screens applied to three New Caledonian plants has also been developed in
collaboration with a French scientific team specialised in plant architecture.

The glasshouse scenography and plant presentation have also given us a unique
opportunity to demonstrate the very strong links existing between the New Caledonian
population (especially the Kanaks) and nature. Other aspects of their very rich culture
are represented with totems, Kanak designs and architectural features. These
presentations have been made possible through the expertise and financial support of
the ‘Maison de la Nouvelle-Calédonie’ in Paris and the Political Authorities of New
Caledonia.

Conclusion

2010, the International Year of Biodiversity, has been the perfect timing for reopening the
glasshouses of the Jardin des Plantes of Paris and redefining the thematic. These
significant developments better serve all our public including the handicapped, and
embrace new ways of communication to emphasize the new commitments of the
Institution towards the preservation of biodiversity. The New Caledonian glasshouse, in
particular, is emblematic since it concentrates all these different aspects in one volume
and attempts to sensitize the public to the exceptional biological richness and the crucial
environmental problems affecting this unique territory. In this project, the research and
conservation initiatives have not been forgotten.
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Abstract

The Ethiopian Flora Project was initiated in 1980 as bilateral agreement between the Ethiopian
and Swedish governments and implemented through Addis Ababa and Uppsala Universities.
There was an international support from many institutions, but the major ones include the Royal
Botanical Gardens, Kew, UK; the Universities of Copenhagen, Denmark; Oslo, Norway and
Uppsala, Sweden. By the end of the project, all the intended 10 volumes of the Flora of
Ethiopia and Eritrea covering the ferns and gymnosperms and all flowering plants with ca. 6,000
species were published. During the Flora Project the herbarium collections grew from 18,000 in
1980 to over 80,000 in 2009. The success of the Project was mainly due to the involvement of
local expertise in the flora writing, and the publication of the Flora locally, that reduced the cost
of publication which in turn encouraged institutions and individuals to buy and use these
publications. The project was planned for 15 to 20 years when it was initiated in 1980, but took
nearly thirty years to complete (in 2009). This was due to the fact that some contributors did not
provide the contributions on time as planned. In the future there is a need to digitize the 80,000
or so specimens at ETH - that requires support, and to avail the Flora electronically - that
requires permission to do so by Addis Ababa University.

Keywords

Flora of Ethiopia and Eritrea, overview, lessons learnt

Introduction

The Ethiopian Flora Project (EFP) was initiated in 1980 as a collaborative project between the
Universities of Addis Ababa, Ethiopia and the University of Uppsala, Sweden. The leaders of the
project were Prof. Tewolde-Berhan Gebre-Egziabher on the Ethiopian side and Prof. Olov
Hedberg with Prof. Inga Hedberg on the Swedish side. Over the years the project received
international support from many institutions, the major ones including the Royal Botanic
Gardens, Kew, UK; the Universities of Copenhagen, Denmark; Oslo, Norway and Uppsala,
Sweden (Sebsebe Demissew, 2006a, Hedberg, 2009).

Objectives of the Ethiopian Flora Project

1. Write up a Flora of Ethiopia within the shortest time possible;

2. Build-up a National Herbarium and a related library to be used as reference
centres for pharmacognosists, agriculturists, foresters, wild-life specialists, etc.
and

3. Promote scientific activities in taxonomic botany, economic botany, forestry, plant
ecology, plant physiology, etc. through training

1. Write up a Flora of Ethiopia within the shortest time possible. At the start of the project,
the leaders of the project felt the need for training of nationals before embarking on the writing
of the Flora. Thus the initial phases of the project were mainly devoted to the training of
nationals (Table 1) and the preparation of the first volume to be published.
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Deneen Powell Atelier, Inc. (DPA) - Educational Garden Design
Special Note

Our paper is best told through multiple images and graphics. In our work, the written word is a
supportive element of our educational garden designs. By no means are signs and copy the
focus or the critical element. The gardens themselves and the artistic supportive elements are
the primary focus of the educational message. This same concept holds true for this paper. It is
best told visually with support copy adjacent to the images. We invite you to view the entire
presentation with corresponding support images at the following. Thank you.
http://www.dpadesign.com/Ed_Garden_Design.html

Abstract

As the leading designers of water conservation and sustainable tutorial gardens - including the
Desert Living Center (DLC) at the Las Vegas Springs Preserve, The Conservation Garden Park
outside Salt Lake City, Utah and The Water Conservation Garden in Southern California -
Deneen Powell Atelier, Inc. is fully versed in teaching water conservation and sustainable
landscape design on an informative, easy to understand, yet entertaining level. Normally water-
conserving and sustainable landscapes are believed to be rocks and cactus, but these gardens
are lush and colourful. DPA organizes the educational gardens into teaching topics - design,
planting, irrigation and maintenance. We utilize native plants as well as plants naturally adapted
to their particular climates to create botanical garden gems.

Unique features include whimsical icons, artistic signage, comfort/gathering spaces and
amphitheatres with hands-on opportunities for children and adults. Good planning helps set
sustainability components firmly in place. Artistically handling these components initiates a
desire to learn.

Keywords

Deneen Powell Atelier, Inc., Design, DPA, Educational Garden Design, Immersion Design,
Sustainable Gardens, Sustainability, Tutorial Gardens

DPA Specialty - Immersion Design

Immersion Design is the creation of space with a comprehensive and interactive approach,
utilizing visual clues, subtle messages, sculptural reinforcements and architectural
enhancements to influence the visitor's natural experience. We develop curiosity while
educating through landscape and art. Whether the space is a quiet respite or an interactive
revelry, we engage multiple senses with multi-level learning techniques to create beautiful,
entertaining spaces and the desire to learn and return.

This is accomplished by combining several different but related professional fields. Our
principals and staff are educated and trained in the following disciplines - landscape
architecture, architecture, advertising and marketing, environmental graphic design,
interpretation, and sculpture. We immerse and educate through a range of technigues in
multiple layers.
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The Process

DPA begins planning the visitor experience with the overall design of the site.

The design process begins with client meetings, site analysis, related research, etc. to gather as
much background information as possible. After this process we begin bubble diagramming. We
design the gardens much like you would write a book. First a basic outline, selecting the major
topics or “chapters” then determining how these “chapters” relate and interact with one another
while keeping in mind site grading issues, best entry and exit points, parking lot placement,
maintenance requirements, road access, etc.

Once the garden has been organized into the main “chapters”, we continue by designing the
“subjects” that relate to these and design how they will interactively and visually teach. As this
process plays out we pay close attention to reality, creating ADA access, planning for
maintenance, events, etc. Each of the “subjects” is then illustrated in plan and elevation. These
are wonderful tools for clients and donors.

The Water Conservation Garden, near San Diego, California, U.S.

This is the entry to the Water Conservation Garden near San Diego, California in the U.S. As
this is a teaching garden, you literally walk through a living textbook, experiencing, seeing and
interacting with the lessons.

Within view of the entry are 11 different teaching elements. These elements are interesting,
engaging, attractive and educational.

San Diego is a desert. Over 90% of the water comes from thousands of miles away and is
located literally at the end of the water pipeline. This sculptural main entry feature is a giant
water pipe protruding from a hillside. A tiny trickle of water drips from its depths and a fine mist
floats through the air. Seeing this literal expression reinforces the dire need to conserve water.

Whimsy plays an important role in this water conservation, sustainable garden. Such a “dry”
subject needs a little drama to engage visitors. DPA designed iconic pencils for the design area,
shears for the maintenance area, and a pop-up head for the irrigation area. These icons signify
the entry into each “chapter” of the garden.

We utilize countless ways to relay messages. Here we cast images into the concrete and had
fun with shadows too.

Signage is designed sculpturally and specifically for each of our projects. These signs are
designed in layers. Quickly read, fun titles describe the exhibit; the light colour leaf feature
sketch renderings and short captions; and the dark green, recessive colour panel tells the in-
depth story. The signs also act as wayfinding elements. Gardens are continuous and it can be
somewhat difficult to recognize one educational display from another, so these also serve to
mark an exhibit.

At The Water Conservation Garden in San Diego, there are 36 different outdoor exhibits that fall
under the categories of Design, Maintenance and Irrigation. In Design, there are several
exhibits on how to design a landscape. In addition to “How-To” exhibits we also included
specialty garden exhibits to show homeowners a few of the endless garden styles. This is a
formal garden layout with pollarded Lagerstroemia indica (crape myrtles) set in a grid of different
colour mulches to accentuate the pattern.
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How many times have we heard “don’t step on the grass”? The exhibits are designed to be
hands on but this gentleman was concerned, so he looked around first to see if anyone was
looking before he finally stepped right on the grass, little did he know he was being
photographed.

This exhibit in the Maintenance area shows how to properly stake and guy trees. Knowing that
using living trees would become an incorrect lesson very quickly, we used dead trees painted in
crazy colours.

Within the Irrigation area is a fountain exhibit displaying a spray irrigation system. Popup heads
calliope up and down to demonstrate full, half and quarter head coverage.

Also within the Irrigation area is an exhibit on how weather effects irrigation. DPA designed a
sculptural weather vane to introduce this subject. It has wind chime raindrops, lightning bolt
supports, patina clouds and a cow that swings through the moon.

As you continue to view these gardens, please note the consistent use of fonts, materials,
colours, etc. These are the marketing and graphic design elements incorporated into the overall
design. Cohesiveness and consistency are key components to the design and ease learning
curves.

This exhibit utilized recycled water pipe as bins to display mulches. Dig in with your hands to
see, feel and smell the differences.

We also included many areas for events and repeat visitation to pull in visitors that might not
otherwise be interested in visiting a conservation/sustainable garden. This amphitheatre
showcases different ground covers.

The children like the garden as a whole, but we’ve also included special children’s activities and
information within the entire garden.

As previously mentioned within these educational botanical gardens, the plants are the main
focus; art, sculpture and signage step back into the landscape when viewed from a distance but
stand out when appropriate.

The Desert Living Center at The Las Vegas Springs Preserve, Certified LEED Platinum,
Las Vegas, Nevada, U.S.

This is a very constrained, hourglass shaped site; one side has an archaeological site and the
other a 10 million gallon water reservoir. We worked hard on the design so visitors never feel
the pinch point.

After a thorough study of local nurseries DPA found that well over 90% of their stock was not
climate appropriate or water conserving plants, so we researched at length to locate and source
over 1200 different plant species that grow in this harsh desert climate to force nurseries to
change.

DPA designed a tightly controlled visitor entry into the Desert Living Center (DLC) and exit
without the need of directional signage. We funnel guests while offering teaser views into the
garden.

The large main orientation plaza is centred within the desert region.
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Careful attention was paid in design to make sure all views of and within the garden are
attractive, eliminating unsightly back of house views. Shown is the secondary back entrance
into the gardens. Working very closely with the project architect our site features match exactly
to the facility architecture.

One of the most significant sustainable features in this garden is the Constructed Wetlands
Machine. Here all the wastewater from over 45,000 square feet of building is captured and
directed through these wetlands where plants clean and filter the water for reuse for irrigation
and flushing toilets.

Desert wetlands are a vital, natural feature in the Las Vegas area. Although our site actually
traverses up hill in some areas, as well as over pipes, vaults, etc, as this is a working water
district site the gardens appear to flow downhill creating the “natural” wetlands feature.

At the end of the wetlands is a teaching node for school groups to test the water to see just how
incredibly clean it is.

Whimsy also played a key role in this garden. Several teaching nodes/visitor comfort
areas/storage facilities were included in the garden. A small amphitheatre flanks the watering
can kiosk with irrigation parts as decorative architectural features.

Tool Shed teaching node/visitor comfort area/storage facility.

The small teaching amphitheatre was designed into the gardens for programmes and located
adjacent to the resource library.

Another major sustainable site component are our solar trees designed to capture the energy
needed to light the garden at night.

Within the maintenance area of the DLC are sculptural tool and pest control display walls.

A large chequered pattern of hardscape design ideas are included to show the limitless
opportunities available.

Several specialty gardens are incorporated into the design as well. This first one is a teaching
kitchen garden, the Library Garden adjacent to the Resource Room, the Oriental Garden, and
the Cactus Garden.

Las Vegas, Nevada generally experiences two months of beautiful weather. One in the spring
and one in the autumn. Winters are generally windy, cold and dry. Summers are very hot and
dry. Yet a huge variety of beautiful plants thrive in this climate.

This garden is open year around for visitors to see and experience the great variety of climate
appropriate, water conserving plants.

The Conservation Garden Park, Salt Lake City, Utah, U.S.

Phase 2 Visitor Centre and additional gardens are on track for LEED Silver.

This view is of the site prior to beginning our garden expansion project. The Wasatch Mountains
serve as a dramatic backdrop.

The Garden was designed in the same planning manner as we practice for all of our gardens.
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Once the basic plans were set we also included comprehensive illustrations. These illustrations
were valuable tools for both clients and donors.

The tutorial gardens begin with an overall explanation of what the garden teaches, the region’s
history, as well as the Seven Principles of Xeriscape.

Design styles, colours and materials are consistent throughout the gardens.

Upper Café Terrace, overlooking the Tool Shed in the How to Plant section of the garden. This
photograph was taken during the Phase | opening in the spring of 2009.

Each area of the garden is introduced with sculpture and signage.
The interpretive signs are colour-coded to their overarching subjects.
The wayfinding signage is easy to understand and a fun element in the gardens.

This exhibit teaches composting. DPA fully understand that guests visit gardens in their free
time so the exhibits are designed to be interactive, fun and informative. Here the composting
exhibit is a “salad bowl”. Guests are invited to select “ingredients” from the surrounding
condiment bowls and add them to the salad and “toss”, teaching the basic principles of
composting.

Irrigation is often referred to as “irritation” because it seems complicated. We break down the
basic elements with multiple displays on how to build different irrigation components. This basic
understanding promotes educated choices when planning a for an irrigation system.

These sculptural buckets make for a great looking wall but they also invite guests to touch and
feel different types of soil.

Children’s exhibits are placed throughout the garden; here they have a sand box to dig in and
sculptural plants to set.

Education is key in our gardens, but they're also beautiful spaces where the plants are the
primary focus.
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Building sustainable botanic gardens: A simple silvicultural method adopted
to turn wood trees into a productive arboretum in the dry zone of Sri Lanka

M. A. A. B. Dilhan', J. Amarasinghe® and D. N. N. Wijayawardene®
! SeniorLecturer, The Open University of Sri Lanka

?Senior Manager, IFS - Popham Arboretum

% Rajarata University of Sri Lanka

Abstract

Over exploitation is the obvious phenomenon that degrades natural forest, by altering the
structure and composition of the landscape. Therefore, rehabilitation and restoration of
degraded forests is a most challenging task for forest managers. Under the direction of Mr.
Sam Popham, an abandoned area of thorns is being turned into a field of trees such as
Satinwood at the barren land in Dambulla, in the dry heartland of Sri Lanka. Efficient
management of undergrowth and controlling the growth of creepers are the main silvicultural
practices adopted at Popham. The policy is not to plant, but to release tree seedlings from
competition and suppression by thorn scrub and creepers. This promotes re-colonization of
indigenous and endemic species. Spontaneous seedlings will be released from the
scrubland and encouraged to survive through childhood to adulthood. Therefore, the
Popham method would be useful for accelerating natural plant regeneration towards
secondary climax vegetation, while facilitating rich biodiversity compared to shifting
cultivation land in Sri Lanka. This could also be adopted to degraded land in other parts of
the world.

Key words : Popham arboretum, silvicultural management, Sri Lanka

Introduction

Dambulla Arboretum, which is commonly known as Sam Popham
Arboretum, is unique because it harbors plenty of typical dry zone
key plants. The Arboretum is situated in Dambulla (7° 51' 34" N
and 80° 40' 28" E), which is located in the dry heartland of Sri
Lanka. This is the only dry zone arboretum in Sri Lanka and a
living museum, a sanctuary for tropical trees that provides refuge
for wildlife.

The arboretum was established in 1963 by Mr. Sam Popham, who
is an Englishman. He bought a piece of land (3.6 ha), and it was
silviculturally managed to form a natural forest. In 1989 the
arboretum was extended up to 14.4 ha by acquiring adjoining
land, which is now called as being woodland (Fig. 1). The

DAMBULLA ARBORETUM AND WOODLANDS

vegetation types covered by the arboretum were scrubland, dry

mixed evergreen forests, grasslands, rock outcrops, and e el
woodlands. This variety of habitats contributes in increasing the
biodiversity of the arboretum. Opening Times:

From 9 am to 5 pm
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Methodology
Low cost Silvicultural method / Popham Principal

The policy is not to plant but to release tree seedlings from competition and suppression by
thorn scrub and creepers (Popham, 1993). It promotes desired indigenous seedlings to re-
colonize, through excluding creepers and thorny shrubs from the scrubland. Once in
progress, spontaneous seedlings will be released from the scrubland and ultimately would
have a better chance of surviving through childhood to adulthood. Removal of excessive
tillering, dead branching and pruning growing tree seedlings are enhanced to accelerate
regeneration. Then positions of saplings are marked with stakes, to avoid damage from
subsequent ground cleaning. Their process is monitored. The new recruits in each season
are marked by different identification pegs. They help seedlings to gain height through trunk-
stemming and crown-thinning (Figure 1)

Strategy behind the Popham Principal

1. Silvicultural method manages small blocks

The scrubland is divided into 12 blocks and at least five grass cutting rounds were
implemented for a block per year. The average cost for the Popham method is US$
143/halyear (Dilhan et al., 2009). The cost for this method is comparatively very low with
compared to the rehabilitation project of Bintulu, Sarawak (Miyawaki, 1993), Malaysia (US$
15, 329 /halyear).

. ’ A - "

Figure 1. Demonstration of Popham method: grass cutting enhances release of
spontaneous seedlings from the soil seed bank

2. Thorn and climbers are banned
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3. Growing up seedlings from the sweetest soil seed bank

Creepers and grasses in the ground may slow down the germination of seeds buried under
the soil. Once these are managed, spontaneous seedlings are released.

4. Dead wood branches are chopped

Frequent slash and burn agriculture causes the formation of sick soil. Therefore, conversion
of sour soil into fertile soil was vital. Mr. Popham overcame this problem by chopping down
the dead wood into the soil and enhancing the accumulation of organic matter in the soil.

5. Watering the seedlings

At the initial stage watering was done.

6. Maintain fire breaks

Since local communities practice slash and burn agricultural farming, maintenance of fire
breaks at the boundaries were done to prevent fire hazards.

Results and Discussion

Silvicultural management for restoration

Popham method promotes indigenous and endemic species to re-colonize the dry zone
landscape and improve the biological diversity; it provides a habitat for native fauna,
enhances the soil water retention properties and also decreases the fire hazards in the dry
zone (Samarasinghe, 1995).

The aim of Popham method was to ‘conserve’, to clean but not to clear, to rid the grounds of
the daunting rubbish created through the repeated slash and burn cultivation (Popham,
1985). Since grasses and competitive thorn, which occupied at the abandoned shifting
cultivation land, suppress the development of tree seedlings and therefore ground sanitation
through grass cuttings was adopted. Climbers were also banned because of the distortion
they inflict on tree crowns (Popham, 1985). Furthermore, young trees were thinned out in
overcrowded areas under the supervision on Mr. Popham. The above silvicultural practices
at the arboretum boost the natural regeneration of tree seedlings viz., satin wood and ebony.

Significant contribution to biodiversity

Popham method facilitates the increase in richness of plants, where we documented 225
plant species comprised of 58 families. Of them; 94 were trees, 42 were shrubs, 66 were
herbs, 19 were climbers and 4 were parasitic plants. Eight species were endemic to Sri
Lanka (Dilhan et al., 2009 & Dilhan et al., 2006).

Biodiversity of the arboretum includes, 85 bird species comprising of 69 residents, 9
migrants and 7 endemic species. Two endemics namely jungle fowl and grey hornbill are
commonly seen at the arboretum. Of the migrants indian pitta is frequently abundant during
the migratory season. Diverse habitats at the arboretum are home to increasing
herpatafaunal diversity comprised of 6 amphibians and 36 reptiles (Vitarana & Weerarathna,
2008). Twenty species of mammals were reported at the arboretum including grey slender
loris, toque monkey (Endemic), grey langur, Sri Lanka mouse-deer (Endemic), pangolin, and
spotted deer (Vitarana & Weerarathna, 2008, Weerakoon and Goonatilake, 2006). General
observations on invertebrate fauna depicted that the arboretum is home to a variety of

Proceedings of the 4th Global Botanic Gardens Congress, June 2010 Page 3



Building sustainable botanic gardens Dilhan et al.

insects such as bees and butterflies. Of these, 40 butterflies including rare species viz.,
Papilio sp. were recorded at the arboretum (Dilhan et al., 2009). The stratification and the
diversity of indigenous flora helped to increase the faunal diversity of the arboretum.

Conclusions

Replanting is the most widely practiced method to rehabilitate the degraded forests in the
world. However, Popham method ensures colonization of indigenous seedlings, when the
degraded land is managed through simple silvicultural methods. Since the method is low
cost and sustainable, it is ideal for implementation as a pilot project in forest rehabilitation.
Taking the model of Popham arboretum in Sri Lanka is especially useful for third world
countries. This will lead to biological wealth in rehabilitated forests within a few decades.
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Abstract

The main task of the researchers includes information support for the coordination of efforts to
mobilize genetic resources of plants in Russia. The analysis of collections of