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ABSTRACT

This thesis attempts a synoptic review of the world's botanic gardens; examines their present
roles and projects their future, with particular emphasis on their live plant collections. Its

presentation here as a thesis is in eight chapters.

Chapter 1 describes the purpose of the study and defines the parameters within which it is set

by, for example, defining what botanic gardens are, detailing their number, distribution and extent of

their plant collections; it concludes with a literature review. Chapter 2 is an historic review of the
creation of botanic gardens. It emphasises, in particular, the changing roles of botanic gardens and

shows how they have evolved to meet new demands.

Chapter 3 presents the data collection methodology used in the enquiry; it gives the reasons

why a questionnaire and study tour interviews were necessary and explains how they were

constructed and analysed. The questionnaire was sent to all 1457 botanic gardens then in existence,

prompting a response rate of 53.3%. Three study tours were then arranged in order to conduct follow

up interviews. Study tour 1 included 10 botanic gardens in Holland and Germany; study tour 2
included 22 botanic gardens in the USA and study tour 3 involved 9 botanic gardens in India and Sri

Lanka.. The chapter concludes by presenting the general comparative data collected to assist later

cross tabulations.

Each of Chapters 4-6 begins with a literature review relevant to the data topics presented in
them followed by a synopsis of the data collected and their typologies. A detailed account of the

questionnaire and study tour information relevant to each chapter title is presented at the end of each

chapter. Chapter 4 deals specifically with research, Chapter 5 with education and Chapter 6 with
conservation.

In Chapter 4 types of botanic garden research, such as taxonomy, genetics and evolution are

explained and the role of the live plant collections in supporting them is discussed. Chapter 5 deals
with education and research, from primary level to postgraduates. Their needs are explained and the

ways in which botanic garden collections can contribute to their education is explored. Chapter 6
describes the rapidly-expanding role of botanic gardens in conservation. Aspects such as ex situ

conservation, genebanks, conservation research, micropropagation and integrated strategies are

described and the ways in which live plant collections can contribute to these facets of conservation

are examined.

Chapter 7 describes the management of live plant collections necessary to allow research,

education and conservation to function effectively. Chapter 8 provides a summative conclusion of the
evidence and an extended discussion of the findings. It suggests that many live plant collections are

not at present contributing as effectively as they might to the activities of botanic gardens.
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CHAPTER 1 - INTRODUCTION

Fig. 1.1. Live plant collections in botanic gardens - an invaluable resource for research, education,
conservation and recreation or an enormous uncontrolled self-indulgence by horticultural staff?

1.1 Introduction and purpose of study

It is generally accepted that the first of the botanic gardens of modern times was created at Pisa in

1543; their foundation has continued since then and there are now about 1500 distributed throughout

the world. Each would have been created with specific and varied intentions, and even though their

policies may have been modified with time, the one obvious theme linking all their activities is the

study of plants. All botanic gardens may be said to cultivate plants as part of the process of studying

plants and this thesis examines critically the provision and use of these so-called 'live plant
collections'.

Staff associated with botanic gardens may be categorised in many ways but when dealing with the

live plant collections they can be regarded as either providers (for example managers, curators,
horticulturists or propagators) or users (for example scientists, taxonomists, public education staff,

trainers, school teachers and members of the general pyblic). To achieve maximum productivity and

the greatest cost benefit liaison between these two major groups should be very close, but in reality
this may not be so.

In 'the past' the living collections were an essential adjunct to scientific research and public
education but in recent years botanical study has became more 'molecular' and the public more

sophisticated. It could be argued that the result has been a diminution of need and therefore of use
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and that the living collections have become an expensive, redundant luxury. While most people

would expect to see living plants in botanic gardens it is important to realise that such live plant

collections are not an end in themselves, rather, they are maintained to serve specific functions.

It might further be argued that through time, as a result of this lack of interest by the user groups,

the management of the collections has not been demand-led but governed by less rigorous factors

which have diminished their value and in fact hastened their non-use. Rather than the users

determining policy the providersJiave assumed that role and it is not now uncommon to encounter

situations where the live plant collections are seen as an end in themselves, taking precedence in all

policy matters, consuming most of the available funds and largely unrelated to the other activities of
the institution (a case of the 'tail wagging the dog').

While the reasons for growing each plant may have been clear at the start, through time those

reasons may have been lost or confused. If the plants were essential to a research project, education

programme or for training then their continued retention would not be questioned. Even if they
fulfilled no immediate function but were very attractive then a case for them might be argued.

However, many plants do not fit into these, or other, categories and the question arises, why grow
them?:

- Is it enough to state that they are available if someone needs them for a purpose in the

future, or is the 'collector' attitude merely prevailing where one of everything has to be

obtained just for the sake of owning it?
- Are the collections an invaluable resource or a prodigal self-indulgence by the horticultural
staff?

- Are the collections managed and grown in a way that is useful for users or are they grown in
a way that is merely an extension of the hobbyist gardener?

- Is it reasonable to draw analogies with libraries in this situation where, perhaps, only 5% of
the stock is used on a regular basis but the balance is held as a resource in anticipation for
the very infrequent occurrence when someone may want an obscure reference at short

notice?

Within most botanic gardens taxonomic and other research takes place; this is usually well

structured, understood (in the form of acceptance) and documented. What is less well structured and

documented and therefore less well understood is exactly what the live plant collections are

achieving. To the layman it probably seems reasonable that botanic gardens grow plants, but the

professional has to be more critical and, in fact, on close scrutiny it may not be at all clear why plants
are being cultivated.

The author has had a long interest in botanic gardens but on visiting them has frequently felt two

very different kinds of response to them: firstly a sense of wonder at the skill and achievement of

bringing together so many diverse and demanding plants; and secondly a puzzlement as to what they
are all for? While many general descriptions of botanic gardens have been written, careful inspection
of the literature has revealed few detailed justifications of exactly what various groups of plants are

23



being cultivated for. Also, personal knowledge ofmany botanic gardens, stimulated by the present

study, confirms that this is currently one of the major concerns of funding bodies and management

alike. The dilemma is that the live plant collections (the 'garden' part of the botanic garden) are

appreciated by both the public and the politician in a general sense, but they have little appreciation
of the purpose of the whole institution. The reality is that the 'garden side' is usually by far the most

expensive part of the whole institution but is not necessarily the most important or worthwhile.

This study attempts to examine the provision and usage of live plant collections in botanic

gardens to ascertain if such collections are indeed a well-used and well-managed resource or in fact
an expensive, unneeded indulgence.

1.2 What is a botanic garden?

It is important at the outset of the thesis to state what a botanic garden is in order to define the

boundaries within which the research is set. To start with there is no difference between a botanic

garden and a botanical garden, additionally the singular or plural of garden may be used irrespective
of the number of gardens owned by the institution. Unfortunately, the definition of institutional terms
as venerable and as varied as "botanic garden' is scarcely possible within a single all-inclusive
statement.

The reasons for this are that:

- firstly, the two words, botanic garden, put together, do not actually mean very much;
- in addition, botanic gardens around the world have been created at different times, in

response to different needs, with different resources, to undertake different activities and so

the legacy that we are left with encompasses an extraordinarily wide range of policies;
- furthermore, most botanic gardens include a research institution as well as a garden and the

phrase 'botanic garden' may refer to either or both of these;
- and lastly, the two words, botanic and garden, do not need to be used in the places' tide for it
to be a botanic garden.

In general it may be said that plant study is an essential role of a botanic garden but this alone

cannot be used as the core of a definition since institutions like the British Museum (Natural History)
would be included which would obviously be either misleading or incorrect.

'A place where live plants are grown and studied' may be closer but would still fall short of a

satisfactory definition as that could include ornamental gardens that have a study element attached to

them (for example Threave School of Gardening), research stations (for example National Vegetable
Research Station, Wellesboume) and also institutions which deal with crops and genetics, (for

example East Mailing Research Station, Maidstone or Invergowrie Research Station, Fife). Also, this
would leave out taxonomic research on dried herbarium material, one of the primary functions of

many botanic gardens.

It is because botanic gardens cover such a multitude of activities that devising a simple definition
is so difficult. Two extremes are provided in the following:
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1. From the Supplement to the RHS Dictionary ofGardening: "A botanic garden is a garden
in which a diversity of plants is grown for purposes of study and instruction and in which

they are arranged according to a system of classification and not simply for ornament or

utility in a garden organised primarily for botanical research or instruction or both" (Synge,

1969). It is interesting to note that in the 1992 edition of the Dictionary the entry has been

expanded and altered considerably; no definition is attempted and instead there is a two page

general description giving types of garden, their history and development.

2. That used by the International Association of Botanic Gardens (IABG) committee when

deciding upon which gardens to include in their International Directory ofBotanic Gardens:
"A botanic garden or arboretum is one open to the public in which the plants are labelled."

(Henderson, 1983)

Some find the former statement too strict because it pays scant regard to other botanic garden

activities or purposes such as education through recreation. By way of example, Figures 1.2-1.5*
illustrate the diversity of gardens that this definition covers. Sir George Taylor, Director of the Royal
Botanic Gardens, Kew (1956-1971) stated, for example, that: (* 6y it «

"Botanic gardens aimed in most cultural countries to be sources of aesthetic and intellectual
delight and they have become a proud part of the national heritage, making the science of
botany the handmaiden of horticulture". (Hyams and MacQuitty, 1969)

The IABG definition on the other hand seems minimalist but can be regarded as a 'bottom line'
definition. While its brevity is helpful and it is a definition that can be applied easily, it does have
flaws:

- firstly, the definition is so simple, with so few restrictions, that many gardens are included:

gardens that are often no more than a collection of a few plant oddities and in which no

activity other than pure maintenance takes place;
- again, there is no mention of research - taxonomic or horticultural;
- nor is there is mention of record keeping, an essential element of growing and managing

plants in the sort of scientific way required of a botanic garden.

Three interesting descriptions of a botanic garden are given below, but they are not definitions.
While they are helpful in explaining the nature of botanic gardens they are not definitive qualifying
statements that enable a layman to clearly decide if a garden is a botanic one or not:

"In the first place, by the comparative study of plants collected in them and the herbarium
material collected by them, the modem science of taxonomic and experimental botany have
been developed. Taxonomy is concerned with the system of classification and nomenclature,
which gives clear expression to the kinship groups into which plants fall. In the case of green,
flowering plants, for example, it has erected a grand and noble scheme establishing the
natural relationships between over a quarter of amillion species. Experimental botany is
concerned with establishing the anatomy, cytology and metabolism of plants.

Secondly, the applied science of economic botany has been so practised in botanic gardens
that they have served as acclimatisation sections through which economically valuable plants
such as rubber, coffee, tea, chocolate, cotton, hemp, vanilla and scores of other plants native
to only one part of the world, have been established in others.
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Fig, 1.2. Longwood Gardens, USA Fig, 1.3, Walt Disney World, USA

Fig. 1.4. The Arboretum, University of
Loughborough

Fig. 1.5. Zoologisch-botanische Garten,
Wilhelma, Stuttgart
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In the third place, there has been the specially horticultural service of botanical gardens.
Since the emphasis in such gardens has necessarily been on botany, a science, rather than on
gardening, an art, this service has chiefly consisted in the trial, selection, hybridisation and
distribution into horticultural commerce of thousands of new or improved kinds of both useful
and ornamental garden plants. In one or two great botanical gardens, however, the lessons of
garden designing have been taught too". (Hyams and MacQuitty, 1969)

The second description attempts to distinguish between arboreta and botanic garden; however, in
the view of the author no difference exists between the two, the former merely specialise in woody

material, their functions being otherwise identical.
"Arboretum - is a museum of woody plants where trees and shrubs are cultivated for
scientific, ornamental or educational purposes. Specimens or collections are arranged to some
definite method - such as systematic relationships, or commercial uses, or perhaps, to show
ecological adaptations. The entire field of arrangement possibilities is seldom handled by any
one arboretum. However, each specialises in a few projects for which it is particularly
equipped or well suited. An arboretum's primary functions are research, display, education,
public service and recreation, but not necessarily in that order.
Botanic Garden - is a scientific and educational institution with an area of plants arranged
according to some system of botanical classification. The purpose is the advancement and
diffusion of knowledge and love of plants. Its primary functions are research, display,
education, public service and recreation, but not necessarily in that order." (Wight, 1972)

The third definition is even longer but includes all essential elements and, usefully, states what a

botanic garden is not.
"A botanical garden is a controlled and staffed institution for the maintenance of a living
collection of plants under scientific management for purposes of education and research,
together with such libraries, herbaria, laboratories and museums as are essential to its
particular undertakings. Each botanical garden naturally develops its own special fields of
interest depending on its personnel, location, extent, available funds and the terms of its
character. It may include greenhouses, test grounds, an herbarium, an arboretum and other
departments. Itmaintains a scientific as well as a plant-growing staff and publication is one
of its major modes of expression.
The botanical garden may be an independent institution, a government operation, or affiliated
with a college or university. If a department of an educational institution, it may be related to
a teaching programme. In any case, it exists for scientific ends and is not to be restricted or
diverted by other demands. It is not merely a landscaped or ornamental garden, although it
may be artistic, nor is it an experimental station nor yet a park with labels on the plants. The
essential element is the intention of the enterprise, which is the acquisition and dissemination
of botanical knowledge." (Anon, 1976)

As all these functions are so variable and it is difficult to devise a definition as opposed to a

description it would probably be wise to state that certain mandatory items and a supplement of

optional items should be included in a garden's policy before it can be truly designated a 'botanic'

garden. These could be compiled as a series of statements rather than a sentence. For example,

mandatory items would include:
i be open to the public;
ii keep records of plants;
iii have all plants labelled
iv to undertake some type of plant research.

In addition, supplementary items would include:
i public education/interpretation;
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ii plant evaluation studies (e.g. for garden, landscape industry, chemical screening or crops);
iii in situ and/or ex situ conservation;

iv horticultural training.

To support these mandatory and supplementary activities certain resources would be required; a

typical botanic garden would therefore be expected to include a number of the following:
i herbarium

ii library

iii glasshouses
iv arboretum

v demonstration garden

vi exhibition or demonstration hall/area

vii laboratories

Since devising the criteria above, early in 1989, it is interesting to note that a similar approach
has been taken by the publishers of the Botanic Gardens Conservation Strategy (IUCN, 1989). It
states:

"The following is a list of criteria that may be met in part or whole by an institution that is
considered to be a botanic garden:

- A reasonable degree of permanence
- An underlying scientific basis for the collections
- Proper documentation of the collections, including wild origin
- Monitoring of the plant in the collections
- Adequate labelling of the plants
- Open to the public
- Communication of information to other gardens, institutions and the public
- Exchange of seeds or other materials with other botanic gardens, arboreta or research
stations
- Undertaking of scientific or technical research on plants in the collections
- Maintenance of research programmes in plant taxonomy in associated herbaria
The above list does not, however, constitute a comprehensive summary of the activities
undertaken by botanic gardens."

The term "botanic garden', is then, a generic rather than a specific term: it is applied loosely and

encompasses a multitude of places and policies. A more definitive, unambiguous and descriptive title
would be useful but could not now be applied without causing further confusion.

By way of summary, Table 1.1, illustrates the degree of variability by listing the main kinds of

botanic garden and arboreta in the world, from published details available at the beginning of the

present study. In addition, Figures 1.6 - 1.17 (except 1.9) summarise some of the uses of live plant
collections in botanic gardens and thereby helping to defme the nature of botanic gardens.
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Number Botanic garden type
1 Traditional state-supported with an associated

herbarium and laboratories; open to the public
2 Municipal or Civic sometimes with an associated

herbarium and laboratories, normally open to the public
3 University with an associated herbarium and

laboratories, usually open to the public
4 Private, often with some state support, with an

associated herbarium and laboratories, usually open to
the public

5 Private without state support, usually without a
herbarium or laboratories

6 Government/State Arboretum with associated herbarium
and laboratories

7 Private arboretum with or without herbarium or

laboratories
8 Botanical-Zoological Gardens or Parks
9 Agrobotanical Gardens
10 In addition there are many specialised kinds of botanic

gardens specialising in medicinal plants, germplasm,
alpine or mountain plants, cacti or succulents, orchids,
conservation, natural vegetation, in situ conservation
and garden history

Examples
Berlin, Kew, Bogor, Peradeniya

Glasgow, Gothenburg, Nantes

Cambridge, Berkeley, Montpellier

Missouri, New York

Les Cedres (Marimurta)

Arnold Arboretum, Brno

Hillier Arboretum, Morton
Arboretum

Hong Kong, Wilhelma
Godollo, Gatersleben, Castelar

Table 1.1 The main kinds of botanic garden and arboreta (IUCN, 1989)

Fig. 1.6. Taxonomic research (RBGE) Fig. 1.7. Interpretation (Cambridge)

Fig. 1.8. Horticultural display (Brooklyn)
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For the purposes of this work the author would like to be able to adhere to his personal

understanding of a botanic garden. However, it would be unrealistic and add further to the confusion
to deviate from the accepted list of botanic gardens as published by IABG and updated by the Botanic
Garden Conservation Secretariat (BGCS), (Heywood, 1990).

For the purposes of this work, then, the address list of botanic gardens issued by BGCS is the
reference point from which botanic gardens will be taken. As BGCS has taken its starting point from
the IABG list, then it is the IABG definition that must stand as the most important and widely

adopted definition.

1.3 Number and distribution of botanic gardens

This section, like the preceding one, has been included to provide background information about
botanic gardens in order to define the boundaries within which the present study is set. More detailed
information on this topic is presented in Part I of the questionnaire (Chapter 3.6).

Worldwide number of botanic gardens: 1457 (Heywood, 1990)

Geographic distribution: Botanic gardens exist in all five continents but at a very uneven density.
Their distribution is seldom governed by rational planning, such as richness of flora (see Figure 1.9),
land area or even human population, but more by the accidents of national wealth, colonial history
and political inclination. A paper by Tracey (1987) is interesting in this respect as it argues a case,

based on rational need, for the creation of two new botanic gardens sited in tropical regions of

Australia. Criteria used by Tracey include the uniqueness of the flora and climate in the areas

concerned compared to the rest of the country and the total lack of existing botanic gardens to service
the survey, research and conservation needs of those areas. He further argues that Australia was

obliged to create these new gardens under the recommendations of the 1985 Las Palmas de Gran
Canaria International Conference called to discuss Botanical Gardens and the World Conservation

Strategy (Bramwell et al, 1987).

Fig. 1.9. World distribution of plant species and botanic gardens (WWF, IUCN - BGCS, 1987)
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Fig. 1.10. Re-introduction (RBGE) Fig. 1.11. Ex situ conservation (Atlanta)

Fig, 1.12. Recreation (Las Palmas)

Fig. 1.13. Quality urban greenspace Fig. 1.14. Micropropagation (RBGE)
(Brooklyn)
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Numbers of botanic gardens for each continent are shown in Table 1.2 with examples of numbers

from selected countries. Numbers of botanic gardens in every single country in the world can be seen

in Appendix I.

Continent Total Typical numbers and selected examples
Africa 79 1-5 in each country; 16 in S. Africa
N. America 303 19 in Canada, 31 in Mexico & 253 in USA
S. America* 96 1-7 in most countries; 13 in Colombia, 11 in Brazil and 9 in

Argentina
Asia 383 1-8 in most countries; 162 in USSR, 69 in India, 58 in China

and 43 in Japan
Australasia 101 1-8 in most countries; 57 in Australia and 16 in New Zealand
Europe 495 1 (Albania)-27 in most countries; 63 in France, 56 in W

Germany, 48 in Italy, 48 in UK, 40 in the Netherlands and 32 in
Czechoslovakia

Table 1.2. Total numbers of botanic gardens in each continent, with typical numbers and
Selected examples. Note: Includes Caribbean and West Indian islands.

1.4 Number of plants held in botanic garden collections
1.4.1. General Collections

The number of species presently held by botanic gardens is difficult to assess, partly because the

gardens themselves often do not have accurate records, partly because many of the holdings have not
been verified and partly because there is confusion between accession numbers, taxa numbers and

species numbers. To illustrate the last point Kew is said to have 72,000 accessions (Heywood et al.,

1990) which represents about 20,000 taxa (Raven, 1981), but no one appears to know how many

species. Raven (1981) suggests that about 35,000 species are cultivated in botanic gardens worldwide

(about 15% of the world total), but Heywood believes the figure to be substantially higher. One of the
reasons he gives for this is that collections built up by experimental taxonomists or cytologists in

university or other laboratories associated with botanic gardens are often overlooked. These

collections contain a wide range of wild collected material, probably covering several thousand

species.

To compile such figures information may come from many sources:

i Some botanic gardens have published catalogues of their holdings, such as Bogor (about

3,500 species), the Royal Botanic Garden, Edinburgh (about 16,000 species) or the National
Botanic Garden of Belgium at Meise which recently issued a catalogue of its greenhouse

holdings (17,000 accessions belonging to 10,235 taxa).

ii Seed Lists (Index Seminum), listing taxa for which seed (or in some cases vegetative

propagules) are available for free exchange. The system has operated for over two centuries

and has facilitated the exchange and movement of germplasm around the world. Index

Semina have been criticised recently (Ern, 1981) but this is discussed later in the study.
iii The International Directory of Botanical Gardens (Heywood, 1990) is a new source of

information and includes, as far as possible, for each garden, entries for the number of taxa

in cultivation.

32



Fig, 1.15. Plant identification classes (RBGE) Fig. 1.16. National Collections (Vrije
University, Amsterdam)

Fig. 1.17. Structured ornamental space, in the Huntington Botanical Garden

Table 1.3 lists accession figures (note: not species or taxa numbers) for selected botanic gardens and

arboreta.

Country/ Bot Gard.
Australia
Adelaide
Canberra

Sydney
Toowong

South Africa
Kirstenbosch

Sri Lanka

Peradeniya

United States

Brooklyn, N.Y,
Chicago

No. of Accessions

4,500
6,000
7,000
14,000

6,200

4,000

Country/ Bot Gard.
China

Beijing
Nanjing
Guangzhou
Xiamen
Xian

No. of Accessions

3,500
3,000
4,500
4,000
2,000

14,000
4,500

Singapore
Singapore 3,000

Taiwan

Heng-chun 1,100

United Kingdom
Edinburgh 17,500
Table 1,2 continued overleaf
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Denver 2,500 Glasgow 10,000
Fort Worth 2,500 Kew 72,000
Honolulu 5,000
Longwood 12,000
Missouri 30,000
Santa Barbara 900
US Nat. Arboretum 7,600
Waimea 7,000+

India Japan
Calcutta 5,000 Hiroshima 9,800
Ootacamund 1,100 Kyoto 5,500
Lucknow 6,000 Tokyo 3,000
Trivandrum 2,200 Tokyo Univ. 4,000

USSR Indonesia
Moscow 21,000 Bogor 53,000
Tblisi 300

Brazil Hungary
Rio de Janeiro 7,000 Budapest 3,000
San Paulo 1,000S

Table 1.3 Accession figures for selected botanic gardens and arboreta (Heywood, 1992b).

Since compiling the first draft of this chapter new information, assembled by Walter (1994), has

emerged showing numbers of taxa of the largest living collections. The information is presented in
Table 1.4 and shows some variation from the information in Table 1.3.

It has been estimated by Raven (1981) that even the largest collection, that of Kew, holds only
about 8% of the world's total of plants. He goes on to state that, at least for research purposes,

collections with particular goals are much more apt to be successful than those that are very broad. A
few such 'specialist collections' are mentioned in 1.4.2, below. Case study 1.1 presents a detailed

breakdown of the live plant collections held at the Royal Botanic Garden, Edinburgh.

Botanic Garden Number of taxa

Royal Botanic Gardens of Indonesia, Bogor 52,927
Royal Botanic Gardens, Kew 38,287
Jardin Botanique de Montreal 25,000
Kobenhavns Universitets Botaniske Have 25,000
Royal Botanic Garden, Edinburgh 21,449
Main Botanical Garden, Moscow 21,000
Jardin des Plantes, Paris 21,000
Huntington Botanical Garden, USA 20,000
Botanischer Garten Berlin-Dahlem 18,000
Botanical Gardens of the State Univ., Utrecht 18,000
Jardin Botanique National de Belgique 16,800
Conservatoire et Jardins Botanique, Geneva .15,000
The New York Botanical Garden 15,000
Jardin Botanique de la Ville de Lyon 15,000
Botanischer Garten, Munich 14,000
Brooklyn Botanic garden 14,000
Mt Coot-Tha Botanic Gardens, Queensland 14,000
Royal Botanic Gardens, Sydney 14,000
Botanical Garden, UBC, Vancouver 14,000
Royal Botanic Gardens of Melbourne 12,700

Table 1.4. Institutions holding the largest living collections, with number of taxa, (Walter, 1994)
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CASE STUDY 1.1. THE LIVE PLANT COLLECTION OF PLANTS AT THE ROYAL
BOTANIC GARDEN EDINBURGH (RBGE).
RBGE maintains a large and diverse living collection for research, conservation, education and
amenity. Summary statistics as of 30 September 1994 are as follows, (adapted from Walter, 1994):
Summary
* 44,774 plants in 39,055 accessions are alive in the collections
* 6% of the vascular plant species are in cultivation (16,693, 21,449 taxa)
* 25% of the vascular plant genera are in cultivation (2,993 genera)
* 61% of the vascular plant families are in cultivation (329 families)
* 20% (4,273 taxa) of the taxa are cultivars or hybrids, and 17,176 taxa are naturally occurring
* 54% (21,108 accessions) of the accessions are of known wild origin; from 141 countries
* 22% (8,519 accessions) of the accessions are verified
* material has been received from 1,291 expeditions and collectors
* material has come from 1,754 institutional and individual sources in 85 countries
* The RBGE system comprises four sites:

Inverleith grows 17,591 taxa, of which 15,089 are unique to Inverleith
Benmore grows 2,346 taxa, of which 913 are unique to Benmore
Dawyck grows 942 taxa, of which 204 are unique to Dawyck
Logan grows 2,359 taxa, of which 1,029 are unique to Logan

* 1,130 taxa in the collection are globally threatened with extinction (4% of the world's total); 13 of
these are extinct in the wild
* The best represented families are: Ericaceae- 1,325 species (38% of the family), Orchidaceae-
1,303 (4%), and Rosaceae- 902 species (30%)
* The best represented countries are: China- 3,904 accessions representing 1,852 taxa; United
States- 1,847 accessions, 1230 taxa; Nepal- 1172 accessions, 692 taxa; and South Africa- 505
accessions, 451 taxa
* The oldest plants indoors are Encephalartos natalensis and Sabal bermudana (before 1810), and
outdoors Abies alba (1680) and Larix decidua (1725) at Dawyck
* The tallest tree in the collection is Pseudotsuga menziesii (Douglas Fir), which in February 1993
was 57m, with a girth of 4,19m.

1.4.2. Specialist collections

Such collections are either only one part of a larger collection but have been amassed to support a

particular project (for example the Zingiberaceae collection at RBGE) or it is the institution's sole

policy to grow only one type of plant (for example cycads and palms at Fairchild Tropical Garden or

New England natives at Garden in the Woods, Massachusetts). Some examples, with figures where

known, are given below:

i The Pine collection at the Institute of Forest Genetics, Placerville, California, which

includes 72 species out of the world total of about 110.
ii The Aroids of Central America collection at Missouri Botanical Garden.

iii Succulent Aizoaceae at Hamburg Botanical Garden.
iv Sometimes, where communications are good, collections may be held in an informal

decentralised way. Raven (1981) reports that H.E. Moore, Jr. was able to estimate that there

are about 157 genera and 492 species of palm in cultivation. This was out of an estimated

world total of 210 genera and 2,780 species. Cultivated holdings therefore represent three-

quarters of the world genera and a fifth of the world species. The most comprehensive
collections are held at Fairchild Tropical Garden, Bogor, Singapore, Peradeniya, Calcutta
and Rio de Janeiro. (The question of adequacy of representation is described in Chapter 7.4i
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and the importance of de-centralised collections, and of collaboration, are described in

7.4iii; they are both mentioned again in the last chapter).
v Canberra Botanic Gardens holds about 5,000 species of native Australian plants, perhaps a

quarter of the total in cultivation. Pretoria Botanical Garden cultivates 4,500 species of
South African native plants, again, about a quarter of the total flora. These figures give
testament to the skill of botanic garden horticulturists. When the diversity of soils, climate
and topography of these countries is considered, let alone their size, it is remarkable that so

much of their vegetation can be cultivated in one place.

vi The two examples above are based on national floras, the following two examples are

based on smaller political units. Rancho Santa Ana Botanic Garden, California holds 1,500

native Californian plant, nearly a third of the total. The University of British Columbia

Botanical Garden includes about half of the roughly 3,000 native species found in the

province.

Individual botanic gardens can increase their holdings by adapting their environment (e.g. wind

breaks, glasshouses and soil ameliorants) or by constructing gardens in different location (annexes,

outstations, satellite gardens or specialist gardens). However, it will only be by co-operative ventures

such as national and international decentralised plant collections that botanic gardens will be able to

hold much more than the 15% of the world's flora mentioned by Raven above. This point is described
further in Chapter 7 and again in the final chapter.

1.5 Literature review

1.5.1 Sources of information

Botanic gardens are described in many books and papers, collectively or individually and in
either descriptive or historical terms. However, careful scrutiny of these texts reveals a dearth of

detailed accounts analysing the purpose of plant collections. Useful information does exist, though,
and the most noteworthy are highlighted in this section. However, before mentioning specific authors
and papers, reference should be made to the categories of information sources.

1. Ln-house Botanic Garden publications:
i Garden guides - these are aimed at the general public but usually include a brief history,

aims and objectives and visual description of the garden. Production and layout are highly
variable ranging from very high quality with colour photographs to very simple

descriptions on photocopied paper. These guides are produced by virtually all gardens and

provide much initial, general information but little of specific value for this work.
ii Scientific publications - many of the larger botanic gardens and especially those

undertaking botanical research, publish journals of their work. Examples include Kew

Bulletin, Botanical Journal ofEdinburgh (formerly Notes from the Royal Botanic Garden

Edinburgh), Memoirs of the New York Botanical Garden and the Journal of the Arnold
Arboretum. These publications usually include taxonomic accounts based on field work and

herbarium specimens rather than on garden collections, but occasionally when reference is
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made to the living collections they demonstrate extremely well the link between the two. A

good example of this point is the paper by Jong, K (1991), 'Cytological observations in

Albuca, including a survey of polymorphic variation in the sat-chromosome pair'. The

research for this paper was based on about 20 species of living plant from S. Africa that

had been accumulated over a number of years by Dr O.M. Hilliard and Mr B.L. Burtt at the

Royal Botanic Garden, Edinburgh.
iii Annual Reports - these are usually produced by the larger botanic gardens specifically for

Government or funding agencies. As well as financial statements they often include short

factual accounts of garden and scientific work accomplished and, more recently, justify the
work either on a scientific, international or financial basis. They often also include

statements of policy or intent. These are becoming more useful sources of information. A

good example of this is the article "Research - a service to Africa and abroad" (Anon,

1993) which explains, amongst other things how some of the live plant collections are used

to support research at the National Botanical Institute (S. Africa). Examples include reports
from RBG Kew and RBG Edinburgh

iv Short News-sheets - these are often produced for distributing to other botanic gardens,

funding agencies, Friends groups or potential sponsors. They include a wide range of
information but usually highlight 'success stories', situations where new discoveries have

been made or new designs implemented. While usually being of a public relations rather
than a scientific nature they can be useful in providing specific examples of where the

living collections have been used to support garden research or activities. Examples include
'The Botanies' from RBG Edinburgh, 'Kew Guardian' from RBG Kew and 'Garden News'

from Fairchild Tropical Garden..

2. National and International Botanic Garden Organisations

Links between individuals in botanic gardens are often strong but formal links between

organisations are few; this may be due to differing policies, financial structuring, histories and not

least, independence and competition. For these reasons there are few 'professional bodies' or

organisations to which gardens belong. However, there are a few that seek to unite and serve botanic

gardens (see Chapter 7) and they often produce journals. The International Association of Botanic
Gardens (IABG) which appears to have had more enthusiastic support in the 1970s than latterly does
not produce a regular journal but does publish proceedings from its conferences; most recently these
have been held at, for instance Canberra, 1981 and Frankfurt, 1987. Possibly its most significant
contribution to botanic garden literature are the various invaluable editions of the 'International

Directory of Botanic Gardens'. The latest edition, though, has been published in conjunction with the

Worldwide Fund for Nature (WWF) and the Botanic Gardens Conservation Secretariat (BGCS),

(Heywood, 1990). The IABG, whose functions are described in more detail in Chapter 7, has various

regional groups such as the European-Mediterranean Division and the Asian Division.

Other organisations producing literature or journals include:
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i. The American Association of Botanic Garden and Arboretum (AABGA) produces a

journal 'The Public Garden' four times a year. Articles are often relevant to this thesis and

many references are included.
ii. Botanic Gardens Conservation International (BGCI), until 1991 known as The Botanic

Garden Conservation Secretariat (BGCS), was formed in 1987 to promote conservation

activities within botanic gardens. Its foundation and significance are documented in

Chapter 7. In their effort to stimulate conservation activity and foster communication, a
number of journals are produced. The most significant is 'Botanic Gardens Conservation

News' which first appeared in December 1987; two issues are produced a year.

Considerable reference is made to this journal in the thesis. Other tides include 'Boletin de

los Jardines Botinical de Amdrica Latina' (Latin American Botanic Gardens Bulletin) and

'Botanic Gardens Micropropagation News' which is published in conjunction with RBG
Kew (the first issue appeared in June 1989, two issues are produced each year). BGCI also

publish the proceedings of their conferenceJand these have proved useful sources of
information. The first conference was held in Las Palmas (1985), the second in Reunion

(1989) and the third in Rio de Janjlbro (1992).
iii. There are no other international organisations but a few national organisations exist such

as the German Institute of Botanic Gardens which produces 'Gartnerisch Botanisher Brief,

a twice monthly journal in which news and opinions are expressed. National

organisations also occur in South Africa and the Netherlands but no journals are produced.

3. Botanical Journals not Specific to International Botanic Gardens

Normally botanists publish their papers in in-house journals but there are occasions when they

may wish to use other journals, perhaps to reach a wider readership or because they are not attached

to an institute that has an in-house journal (e.g. most universities) or because the journal is renowned
for publishing papers on specific topics. 'Candollea' (published since in 1922) and 'Boissiera'

(published since 1936) are both International Journals of Botanical Systematics published twice a

year in Switzerland. 'Taxon' is the journal of the International Association for Plant Taxonomy and

is devoted to systematic and evolutionary biology with emphasis on botany. It has been published
since 1951 in Germany, by the International Bureau for Plant Taxonomy and Nomenclature. Journals

such as 'Candollea', 'Boissiera' and 'Taxon' rarely contain papers which make use of living

collections, but where they do, provide excellent evidence of the use of living collections.

4. Horticulture Journals

Botanic gardens and their collections are such a specialist, minority part of the horticultural

industry that they do not often feature in these magazines. 'Horticulture Week ' (originally published
as 'The Garden's Chronicle' and more recently as GC&HTJ) is a weekly, trade journal published
since 1874. Most articles are not sufficiently in depth and provide background information only.
Other titles include 'The Grower' (published weekly in Britain since the 1930s which is aimed at

commercial growers). Many amateur gardening journals exist but are inappropriate here. The
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International Society for Horticultural Science (ISHS) concentrates on commercial areas but relevant
articles can sometimes be found in 'Scientia Horticulturae' published in sixteen issues per year since

1973, and 'Chronica Horticulturae', the Bulletin of ISHS, issued three times per year. ISHS also

publishes 'Acta Horticulturae' (see 8 below).

5. Landscape Journals

The leading landscape journals include: 'Landscape Design', the Journal of the Institute of

Landscape Architecture, published quarterly in Britain since about 1948, and more recently, every

month; 'Landscab' published eight times per year in Denmark since about 1919; 'Landscape and

Urban Planning', an International Journal of landscape design, conservation, reclamation, planning
and urban ecology, published in eight issues per year since 1974 and 'Anthos' published by the Swiss

Federation of Landscape Architects and is the "Official Organ" of the International Federation of

Landscape Architects, published quarterly since 1961. These journals rarely contain much on botanic

gardens, and when they do, tend to concentrate on visual and design aspects. Notable exceptions

exist such as an entire issue of Anthos dedicated to botanic gardens (Anthos 1978, vol 2).

6. Clubs and Societies

These vary enormously as does the quality of their Journals. This category can include those

specialising in particular groups of plants such as the Scottish Rock Garden Club, the Alpine Garden

Club, Horticultural Societies such as the Royal Horticultural Society and natural history or botany
societies such as the Botanical Society of Edinburgh and the Botanical Society of the British Isles.

Of the many journals scanned in this group the most significant was 'The Garden', Journal of the

Royal Horticultural Society, published monthly in London since 1866. Many useful references were
found from among these journals, including those of a more popular nature representing non¬

professional 'users', but time taken to scan them was considerable.

7. General Scientific Journals

These included titles such as 'New Scientist', published weekly in London since 1958, 'Nature',

published monthly in London since 1870 and 'Scientific American', published monthly in New York
since the last century. They contained little of direct value except, perhaps, in highlighting
conservation and environmental issues which gave strength to the argument for botanic gardens

taking a higher profile on conservation.

8. Conference and Symposia Proceedings

Where the conference was based on botanic garden collections and the uses made of them, the

proceedings proved to be highly worthwhile. Sometimes larger conferences had a small part devoted
to the subject in question which could be useful. The main conferences of value have been:

- International Botanical Congress, held every 4 years, a 'Proceedings' is produced for each

congress.

- International Horticultural Congress, held every 3 years, again a 'Proceedings' is produced
for each congress.
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- 'Acta Horticulturae' is a publication of the International Society for Horticultural Science,
issues of 'Acta Horticulturae' are based on individual symposia; 308 issues have been

published since approximately 1960.
- BGCI conferences proceedings (see section 2 above for recent conferences)
- IABG conference proceedings (see section 2 above for recent conferences)

9. Individual Books

Many books describe individual gardens, their foundation, history, principle characters and visual

qualities. Few describe the living plant collections in detail or attempt to correlate the collections
with the policies. None-the-less, much useful information can be gained from these sources and some

of the more useful are cited in the review (1.5.2).

Due to the lack of easily accessed information and the time taken to find useful literature the

author decided to compile a bibliography during the preparation of this study. The draft of this

bibliography, which is provisionally titled 'The role of live plant collections in botanic gardens: a

bibliography' is almost complete and will be published in the summer of 1995. It contains over 500

references, each of which contains a short note of description.

1.5.2 Review

Virtually no papers exist which describe, solely, the role of live plant collections in botanic

gardens. Usually, any descriptions occur within papers detailing other aspects of botanic garden

activity. While this is frustrating in one sense it could be used to argue that collections do exist for a

purpose and are inextricably linked to a project/policy rather than being the unused and unrelated

collections hinted at in Chapter 1.1. The papers mentioned in the following review come from the

very wide range of sources described in the preceding sub-section. The literature cited in this section
is of a general nature, or consists of material that does not easily fit into other chapters. Literature

specific to research, education, conservation and garden management matters are cited in Chapters 4,

5, 6 and 7 respectively. The title of each new topic covered is highlighted in bold type for ease of

comprehension.

From an historic point of view there can be no better texts than those of Stafleu (1969) and Hill

(1915). Both have been quoted and requoted in other papers and extensive use of their works have
been made in the early parts of Chapter 2 of this thesis. Stafleu describes the creation of botanic

gardens from 1430 BC to 1818 and Hill from the Egyptian and Chinese civilisations to the early part
of this century; plant species and live plant collections are mentioned frequently but mostly in the
context of exploration and the numbers cultivated in various gardens (the latter facts being
illustrative of horticultural expertise and the success of exploration). Other good general papers in
this context include: Nelson and McCracken (1987), Teuscher (1978), Heywood (1983) who
describes how the development of botanic garderkand of taxonomy have been linked through much of

their history, Atkinson (1955) who, writing in the Pharmaceutical Journal, links the creation of the

earliest known botanic gardens to the cultivation and use of medicinal plants and Ewan (1991) who
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takes a New World perspective, and states that "the growth of botany, systematic botany in

particular, depends on the comparative forms of flowers afforded in botanic gardens botanic

gardens stake the growth of horticulture and advance botany; notable are the Chinese studies
nurtured by the Arnold Arboretum's Chinese plantings". Bruinsma (1975) explains their aims and

objectives in the past (and through this the necessity of collections) under the headings: hortus

medicus, voyages of discovery and technical developments, taxonomy, private collections, plant-

hunting, growers (nurserymen), botany - research, education and recreation, the influence of botanic

gardens on economically important plants and recent developments. Taylor (1969) while contrasting
the foundation of the botanic gardens at Geneva and Kew explains the colonial, economic and
scientific function of such gardens and the necessity ofmaintaining collections of use to medicine,

commerce, agriculture and horticulture in eighteenth century botanic gardens. Holttum (1970) charts
the historical significance of botanic gardens in SE Asia stating that, amongst other factors, the

gardens remained important as collections of living plants for botanical study of all kinds (especially

for genetics and plant breeding) and for local education.

While the references above are mostly of a general nature, papers relating to the history and

development of specific gardens often give a good insight into the live plant side of the institution.
The following are good examples: Theobald (1987) for the Pacific Tropical Botanical Garden at

Kauai in the Hawaiian Islands, Welch (1993) for Madrid, Eloff (1985) for the National Botanic

Gardens (NBG), Kirstenbosch and Mason (1984) for the Chelsea Physic Garden.

The creation of tropical colonial botanic gardens was linked more to trade and the commercial

cultivation of crops than to research, at least initially. Juma (1989) in chapter 2 of The Gene Hunters
- biotechnology and the scramble for seeds gives one of the most well-researched and fascinating
accounts of the establishment of these gardens. Equally/ well-researched and perhaps better know is
the account by Brockway (1979) in the book Science and Colonial Expansion - the role of the British

Royal botanic gardens.

Again, examples from specific gardens give a particularly valuable insight, e.g. Chaterjee (1948)

for Calcutta, Heywood (1983), for Bogor, Howard and Webber (1966) for Saint-Pierre in Martinique

(destroyed along with 30,000 inhabitants when Mount Pelee erupted in 1902), Beck (1990) for the

Amani Botanic Gardens, Tanzania and Owusu-Afriyie (1990) for the Aburi Botanic Gardens,

Ghana.

To staff working within botanic gardens general policy, planning and the role of the collections

may seem obvious but in retrospect this was not necessarily the case, and even more so for those

outwith the system. Wellavize (1979) who concentrated a study on British botanic gardens, revealed
a large difference in the philosophy of each botanic garden that made postulation of general

management plans and general policy decisions very difficult. His study concluded that there was a

need for each botanic garden to produce a clear management plan, and for these to be co-ordinated

between gardens in the future to present a united front to society. Cullen (1975) confirms this for
collections by noting that the concept of collections planning was a departure from the traditional
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fashion in which collections in many European gardens had "just grown". He went on to say that

since a great deal of time, effort and money went into these collections such ad hoc , unscientific

methods of acquisition were no longer tolerable. Most gardens do now have clearly defined policies.

Tomaselli (1978) in a paper "Why and wherefore of botanic gardens" sums up the roles of botanic

gardens and their collections as being, simply, twofold - protection and information. Folsom (1993),

goes further. In a chapter entitled "The role of botanic gardens" in the book Biological diversity:

problems and challenges he states that the current reality broadens considerably the Victorian

prototypes of botanic gardens and brings an increased vitality and revised methods to the promotion,

management and achievements of today's public garden. He goes on to stress the current issues of

maintaining, studying and interpreting collections of living plants and makes the point that at
botanical institutes that lack horticulturally trained staff, the handling of living plants acquired for
research has always proven a limiting and wasteful exercise. He goes on to mention the importance
of conservation, display, education, research, computerised plant records and regional and

international co-ordination. In maintaining and planning living plant collections Esser (1975)

stresses the importance of applying knowledge gained by basic research into such aspects as genetic

composition, breeding systems and methods of propagation. Henderson (1973) explains the main and

continuing function of botanic gardens has been the storage of large living plant collections for

general education, research, medicine and reference; the plants should be labelled and arranged in
some order - for aesthetic appeal, for biological interest or along taxonomic lines. Pepper (1978) in
her paper "Planning the development of living plant collections" starts by describing six good

reasons why botanic gardens should have a clear policy on collections and then gives examples, from
various botanic gardens, of possible planning strategies. Rich (1987) and others, e.g. Sleezer (1987),
stress the importance ofmanagement planning, an issue of great importance now, but seldom
discussed previously.

Iwatsuki (1990) states that the role of botanic gardens can be summarised in the following three

categories, two of which concern education and training:
i botanical and horticultural research with training in these fields,
ii conservation of wild plants, and,

iii social education by exhibiting a variety of plants native and exotic.

He goes on to say that botanical research with training of botanists is one of the most important
tasks in botanical gardens, though, even in North America, only 10% of botanical gardens identify
their main aim as botanical research (Raven, 1981). On the other hand, exhibition# of plants is

regarded as important by most botanic gardens, especially when they rely on the income from

entrance fees of the visitors.

As above, a few papers on this subject relating to individual gardens or regions are worth

recording. Andreev (1987) taking his perspecti ve from the former USSR considers that the role

played by botanic gardens in man's existence has grown greatly, recently. He stresses the importance
of research and education and goes on to explain how Soviet botanical gardens have helped promote
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better living conditions by the creation of green belts and the development of new ornamentals for

urban use. Conservation had become important recently and the 94 botanic gardens in the USSR

currently cultivated 1,117 protected plant species of the Soviet Union. While concentrating on NBG,

Kirstenbosch, Eloffs paper entided "Planning of a botanical garden" (1989) would make sensible

reading for any new botanic garden manager. In assessing objectives, the strengths, weaknesses,

opportunities and threats for NBG are scrutinised. Next, new goals are formulated for each
functional area - management, horticulture, research, plant utilisation, education and information. In

the light of these new goals and existing resources and technology a new organisational structure is

proposed to meet the new goals. In the Botanic Garden, University of Copenhagen, a rich and diverse

collection of living plants is maintained for research, education and public information purposes

(Hamann, 1992). With some 25,000 different plants the collection is one of the richest in Europe and
the garden contains several special collections such as orchids from Thailand and east Asia,
mountain plants from Greece and plants from Denmark and Greenland.

The functions of European botanic gardens, especially with regard to conservation, have been

listed by Walters (1977), but they apply equally to other botanic gardens. They are as follows:
i Cultivation of threatened species in living collections ensuring as wide a genetic basis as

possible, with emphasis on plants of the region;
ii Propagation and distribution;
iii Storage of seed in seed banks;

iv Careful and adequate documentation;
v Providing information to others about cultivation or storage;

vi Carrying out research into the biological requirements of threatened species, particularly
those known to present special problems;

vii Involvement in the selection and management of wild or natural habitats;
viii Carrying out research necessary for maintenance and management of habitat;
ix Ensuring adequate documentation of reserves, especially the listing of species and types of

vegetation;

x Educating the general public and publicising the needs of plant conservation;
xi Training personnel, and

xii Acting as centres of information relevant to policy and action for plant conservation in the

widest sense.

Policy statements for the purposes of plant collections have been made by, for example, Jordan
and Armstrong (1986) for the University ofWisconsin Arboretum, Murimba (1990) for the Vumba
Botanical Complex, Zimbabwe, Paez and Guevara (1991) for Ezequiel Zamova University Botanic

Garden, Venezuela and Marrs (1988), for NBG, Kirstenbosch. Finally, Taylor (1987) describes the

planning stages that took place in the updating of the University of Guelph Arboretum Master Plan.
Nine goals and objectives were identified as the first stage of a seven step process, shown in Figure
1.18.
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Fig. 1.18. The design process used for the planning exercise at the University of Guelph Arboretum

(Taylor, 1987).

Finally, and in summary, it is worth quoting in full two sets of statements by Chakraverty and

Mukhopadhyay (1990), who give a useful list of items, albeit with an Indian bias and without any

justification for many of the points listed. Under "Botanical Gardens- Objectives and Functions" they
state that "A Botanic Garden can broadly be called a living repository or refugia of plants, arranged
and maintained on some scientific basis where the collections are usually labelled or marked for

identification".

"Early Botanic gardens established in the sixteenth century were probably built up with the
object of growing plants of the neighbourhood and those procured through collection or
exchange from distant lands. The aim was to bring together as many plants as possible and
the ranking or status of the garden depended largely on the number of novelties it contained.
This may be regarded as the initiation of Botanic Gardens with certain specific objectives and
functions".

"The next stage in the evolution of Botanic gardens was the study of systematic botany or
taxonomy. Plants in Botanic gardens were arranged on the basis of their diagnostic characters
and plants of a particular group were grown together. Gradually, these centres became places
of study of the diversities and curiosities of the plant kingdom. The Botanic gardens thus
became the centres of natural aesthetic beauty and of taxonomic studies and education".

"The next advancement in the development of Botanic Gardens seems to have been in three
major directions:

i Comparative study of plants in gardens and the herbarium for modem taxonomy and
experimental botany.

ii As centres of study of economic plants. The economically promising plants native to one
part of the world were introduced to other Botanic Gardens, which served as
acclimatisation centres, before release for cultivation.

iii As centres for horticultural research which included trials, selection, hybridisation and
release into the horticultural trade of thousands of new and improved varieties of both
useful and ornamental garden plants. The Botanic Gardens also stimulated higher
standards of display and decoration."

"The Botanic Gardens continued to perform these functions until the recent perspectives of
environmental pollution, ecological imbalance and conservation of threatened plants influenced their
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objectives. Botanic Gardens are now taken as main centres for conservation of plant resources from
their extinction."

"Presently the following are the aims, objectives and functions recommended for the Botanic
Gardens:

i To serve as a living repository for plants of the country and also of selected exotic species.
ii To serve as a 'safe abode' for the rare and endemic species.
iii To house the germplasm collections of selected economic, ornamental and medicinal

plants and their wild progenitors.
iv To promote educational programmes and research in experimental botany and ornamental

horticulture.
v To undertake research on propagation of rare and threatened species and species for

afforestation, energy and alternative or substitute food and fodder plants. Species of
different climatic conditions are to be grown in conservatories, phytotrons, hot and green
houses.

vi To generate awareness about the value of trees and about curious, beautiful and interesting
plants with delightful landscaping and display.

vii To organise flower, foliage and plant shows, exchange of viable seed materials, seedlings,
saplings and other propagules.

viii To introduce economic and commercially exploitable species; to acclimatise and study
the physiology of the species for release for field trials or cultivation.

ix To act as data banks for information and documentation on holdings in Botanic gardens
of the country or region".

Chakakravert and Mukhopadhyay (1990) also comment on the "Requirements of Botanic
Gardens". They are stated as being as follows:

"i The area of a good Botanic Garden should be between 100 and 175 hectares, but the larger
are better in all respects.

ii The soil conditions of the area should be carefully examined so that the introduced plants
are not subjected to any deficiency conditions (e.g. mineral, both macro and micro
elements, water-stress, sub-soil water level etc.).

iii At least 10 per cent of the area should constitute a water surface, so that aquatic species
could be grown and the humidity inside the garden is maintained more or less at the
desired level. This may also sometimes serve as a temporary source of water for
irrigation purposes.

iv There should preferably be a perennial source of water for nurturing the plants.
v The Botanic garden can be planned in such a manner as to provide for developing the

following aspects or areas:
a Taxonomy Garden: The representative species of classification should be grown

familywise according to some conventional system of plant classification. There
should be every family of the flowering plants: at about 0.25-0.4 ha for each family,

b Medicinal Plants Garden: The important medicinal and aromatic plants of the country
should be put in a demarcated area,

c Germplasm Collection: Each and every Botanic garden should have germplasm
collections of particular genera or species suited to their climate,

d Arboretum: Adequate space should be kept for this puipose.
vi There should be architecturally attractive glasshouses, conservatories, phytotrons and

plant houses to grow the rare and endangered species and the species of ornamental and
horticultural importance including house plants, cacti and succulents, orchids, etc.

vii The Botanic Garden should be developed into recreational and aesthetic spots with
delightful monuments, plant houses, fountains, ornamental gardens etc. and with some
public amenities.

viii The Botanic Garden should not be very far from the town and should have easy means of
transport and conveyance for visitors.

ix The Botanic Garden should have a well equipped laboratory with provision for further
expansion to undertake horticultural researches and a herbarium representing the local
flora and garden specimens.

x The residential accommodation of the Garden Management Staff and Officers should be
adjacent to the garden but should always be outside the campus of the garden."
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CHAPTER 2 THE HISTORY, DEVELOPMENT AND FUNCTIONS OF BOTANIC

GARDENS WITH PARTICULAR REFERENCE TO THEIR LIVE PLANT COLLECTIONS

Introduction

In this chapter the history of the foundation and functions of botanic gardens is described. A

complete history, however, is not attempted, more an account of the main influences that brought

forth botanic gardens, their policies and collections. This is not new research and has therefore been

compressed to a very shortened version. It was however, considered vital to include these elements as

they form an important 'backdrop' from which to present the rest of the study. Additionally, while
this part is not new, it does attempt (as does the whole thesis) to focus on the link between the

content and function of the living collections, an aspect ignored by many authors. Fuller general
accounts of the history of botanic gardens can be found in Heywood (1983), Heywood (1987), Hill

(1915) and Stafleu (1969). Additionally there are many texts covering the history and development
of individual gardens, for example, Fletcher (1970) for The Royal Botanic Garden, Edinburgh,
Gilbert (1986) for the Royal Botanic Gardens, Sydney, Hyams and MacQuitty (1969), many gardens

described. King (1976) for the Royal Botanic Gardens, Kew, Nelson and McCracken (1987) for the

National Botanic Gardens, Glasnevin, Dublin, Shepard and Cook (1988) for Wellington, Tinsley
fc

(1983) for the Botanic Gardens, Singapore, Bry (1987) for Missouri, Rycroty (1980) for Kirstenbosch
and Karstens and Kleibink (1982) for Leiden. Finally, this account is not intended to cover the storey
of plant collecting in detail although, of course, plant collecting is an important part of it. Accounts
of this subject may be found in, for example, Lyte (1983), Lemon (1968), Healy (1975), Sponberg

(1990), Rae (1985) and Fisher (1989).

As the history and development of botanic gardens unfolds in this chapter it is worth noting at the

start that they were not created in isolation but were inextricably linked with the development of
academic botany, medicine, universities, the history of exploration and colonialisation, the history of
trade and the development of horticulture and agriculture and their associated research. The policies
of botanic gardens have gone through phases and this is shown also. The main phases include: links
with medicine, plant introduction from 'new' parts of the world, tropical gardens and plantation

crops, taxonomic research, display gardens and public amenity, public education and conservation.

Other authors have identified similar trends or policies; Bruinsma (1975), for example, suggests the

following: Hortus Medicus, voyages of discovery and technical developments, taxonomy, private

collections, plant hunting, growers (nurserymen), botany and research, education and recreation, the

influence of botanic gardens on economically important plants and research and development.

It should be noted that the headings given below describe types of garden and how they evolved

(for example. Physic, Colonial and Municipal) and periods of plant introduction (for example the
'Oriental' and 'Virginian' periods); overlaying these are the policies of gardens (for example
taxonomic research, conservation and education). While they have been described in approximate

chronological order and in isolation, the reality was that many of these aspects were closely linked
and taking place simultaneously, making an orderly description difficult.
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'Garden profiles' have been used at the end of some parts to present histories of gardens that are
considered typical of the situation being described.

The Earliest Botanic Gardens

It is generally accepted that the first botanic garden ofmodem times was founded in Pisa in 1543

by Luca Ghini. However, there were gardens in earlier civilizations that served purposes other than

pleasure (such as science) and could therefore be thought of as botanic gardens. One of the earliest

examples is Egyptian. Near the Temple of Kamak (approx 1430 BC) there is a picture of the so-

called botanical garden, with illustrations of the plants and animals brought home from his

campaigns by Thetmosis III; it is not known if the exotic plants cultivated there were for curiosity

(and therefore ultimately for science) or for commercial reasons (eg food). The scene depicted could

also have been a version of what Herodotus later described as a paradise garden of the Persians.

However, it was an assemblage of exotic plants and a case for calling it a botanic garden could be
e

argued. Additionally, thay had menageries of exotic animals so it is reasonable to infer that
collections of exotic plants were also made.

The founder of ancient China, the mythical emperor Shin Nang (28th century BC), grew
medicinal herbs for investigation and could therefore be seen as a very early influence upon similar

gardens in Europe. Additionally, a list of plants grown in a Chinese medicinal garden during the

Han dynasty (ca 100 BC) included plants of Litchi (Litchi), Areca (Betelnut, Pinang or Areca nut),

Canna (has starchy edible rhizome) and Cinnamomum (Cinamon, bark yields products for

flavouring, scent and medicine) (Stafleu, 1969). Again, this was a collection of exotic plants and,
while mostly being of a commercial nature, they could almost be thought of as a botanic garden.

The Aztecs, in Mexico, had gardens that might be described as botanic. Montezuma, for instance,
had extensive gardens filled with fragrant shrubs and flowers and especially with medicinal plants

(Prescott, 1847, in Hill, 1915). Mexico contained many native species of medicinal plants and their

virtues were understood by the Aztecs, who are credited with having studied medicinal botany as a

science. The gardens at Iztapaln and Chalco are said to have been stocked with trees and plants

scientifically arranged, and the gardens at Chalco, which were preserved after the conquest provided

specimens for the book Nova Plantarum Animalium et Mineralium Mexicanorum Historia written by
Hernandez and published in Rome, in 1651 (Hill, 1915).

From the ancient Greek civilization the gardens of Aristotle, bequeathed to Theophrastus of

Eresos (370-285 BC), (the so-called father of scientific botany) can be quoted. Indeed if criteria such

as science and education (as suggested in Chapter 1.2) are used in defining botanic gardens, then his

garden might, perhaps, be said to be the first true botanic garden in the world. According to Hort

(1916, in Stafleu, 1969) there was a garden attached to Theophrastus' school 'the Lyceum', in which

he gave botanical lectures. In addition to the native Greek plants occurring locally and ordinary

vegetables, the garden contained plants which were included because of their intrinsic scientific
interest.
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Valdes (1987) states that it is said that there was a botanical garden in Spain in Moorish times.

This was located next to the palace of King Nasar in Gaudix (Granada) and medicinal herbs were

probably grown. The Moors also brought many of the useful plants they discovered in the east and

cultivated them in their gardens in Cordoba and beyond.

The Romans maintained a few medicinal gardens but were more interested in practical

agriculture. In these gardens students could study herbs, but according to Pliny, plant knowledge

gained directly from plants growing wild was indispensable, so the cultivation of botanic, or

medicinal, gardens was perhaps not encouraged.

Stafleu (1969) maintains that it was during the time of Charlemagne (742 - 814) that medieval
monastic gardens originated and it was he who assigned the specific task of medicinal training to the

monasteries (Stafleu, 1969). Many of them had the character of a botanic garden in that they
contained collections of plants for study. The monasteries at St Gallen in Switzerland (created in the

9th century) and Reichenau in Germany are the best known. At St Gallen (also known as St Gall) a

Tortus' with the attendant 'herbularis', or Physic Garden, was created, see Figure 2.1, (Hill, 1915).
This was a precursor of the physic gardens established in connection with the medicinal faculties of
the Indian and other universities in the sixteenth century.

The first universities were founded in the twelfth century, but the first botanic gardens linked to

them did not come until later, and when they did, came about in concert with medical studies. The

fourteenth and fifteenth centuries were times of a great revival and interest in learning, and the

science of botany received its due share of attention. Unfortunately, energy was chiefly employed in

attempting to identify the plants named by the Greek writers with those of western Europe and

progress in the sciences was only fitful. The compilation of herbals was the main occupation of
botanists and many of these works, though of little botanical value today, can be treasured as a store¬

house of artistic beauty (Hill, 1915).

The fifteenth-century Vatican herb and medicinal gardens are not regarded as true botanic

gardens, but they were the fore-runners and the distinction is perhaps, according to Hyams and

MacQuitty (1969), rather a fine one. It was in 1447 that Pope Nicholas V set aside a part of the
Vatican grounds for a garden ofmedicinal plants specifically to forward the teaching of botany, not
as a pure science, but as a branch of medicine. This Papal garden seems to have been the only one of
its kind in Europe until the founding, about a century later, of the Paduan and Pisan Botanical

Gardens (described later). Hyams and MacQuitty (1969) suggest that if the Vatican garden in

question had been a true garden of plants, then there could be no question of Europe having taken
the idea of such gardens from the pre-Conquest Mexicans. But it is no longer possible to establish
what exactly was the nature of the garden planted by Nicholas V; and Italian historians of botany do
not recognise the garden as botanical.

The return to nature study, to looking at living plants rather than at books describing plants, is a

phenomenon of the first half of the sixteenth century and can be regarded as part of the spirit of
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enquiry and awakening which is referred to as the "Renaisance". It occurred first in Italy and soon

afterwards in Germany, France and the Low Countries. It was not until this time that the main tools

of descriptive botany, botanic gardens and herbaria were developed. At the same time there was a

sudden increase in plant introduction from other regions, because of the general upsurge of travel
and exploration.

1.
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Figure 2.1 The Physic Garden of the Monastery of St Gall. 1, Fasiolo; 2, Sataregia; 3, Rosas; 4,
Sisimbria; 5, Cumino; 6, Lubestico; 7, Feniculum; 8, Costo; 9, Lilium; 10, Salvia; 11, Ruta; 12, Gladiola;
13, Pulegium; 14, Fenugraeca; 15, Mentha; 16, Rosmarino. In addition, the Cemetery contained apples,
pears, peaches, mulberries, plums, laurels, figs, hazelnuts, service, chestnuts, medlars, quinces, almonds,
and walnuts (Hill, 1915).

Physic or Medicinal Gardens

It was largely owing to the need of protecting the doctor and apothecary against the drug-sellers
that the growing of 'simples' in recognised gardens had its origin. As the seats of the medical

profession were established in the universities and monasteries, these institutions set apart definite
enclosures for the cultivation of medicinal herbs, the 'simplicia' or 'simples' from which the 'remedia

composita' were prepared by the apothecaries. Private physic gardens, as distinct from the monastic

herbaries, existed towards the end of the fifteenth centuries and some of these developed into

municipal gardens for the growing of 'simples'.
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In the mid sixteenth century Italy was again the cultural centre of the Western world with
commerce and industry prospering: there were trade relations beyond the Mediterranean area and to

the north, and the arts and science flourished as a result of this economic prosperity. Additionally as

the Turkish threat subsided, trade relations with the orient became closer and prosperity was a

natural consequence.

In the medical faculties of the newly created universities it was important to train students to

distinguish correctly the numerous herbs used in medicine. As it was not possible to find within the

immediate environs of a single university all the useful plants growing wild, the idea arose of

growing them side by side in a systematic way. The obvious model was the physic garden of the
monasteries with their separate, ordered beds. The first botanic garden, in a modern sense, for which
records survive, was established at the University of Pisa in northern Italy in 1543 by Luca Ghini

(1490-1550): this was followed by Padua (see Figures 2.2 and 2.3, below) and Florence in 1544 and

1545 respectively, all were established with the help of the Medici family. (While most authors agree

with these dates, Hyams and MacQuitty (1969) note: "The botanic garden commonly distinguished
as the oldest in Europe is the Orto Botanico of Padua. It was founded in May 1545 by a decree of the
Senate of the Vatican Republic, and it is either slightly younger, slightly older than, or exactly

contemporary with the Orto Botanico of Pisa". However, the authors cite no references to support

their comments). Ghini was a Professor of Botany at the University of Bologna from about 1534 until

1544, and had his own private botanical garden there. He was a great teacher and his influence was

far reaching (Nelson and McCracken, 1987).

This first phase in the history of the modern botanical garden has been termed the "European
Period' by Stafleu (1969) and examples of gardens founded during this period include Pisa (1543-

1544), Padua (1545), Florence (1545), Bologna (1547), and Zurich (1560). The dates of some of the
more important later ones are Leiden (1577), which is highlighted below in Garden Profile 2,

Leipzig (1579), Montpellier (1598), Paris (1597, although as a true collection and as Jardin due Roi

only in 1626), Oxford (1621), Edinburgh (1670), see Garden Profile 1, Berlin (1679) and
Amsterdam (1682). All reflected the spirit of the renaissance enquiry and a need to challenge and

extend knowledge for its own sake.

The functions of these medicinal or physic gardens was initially quite restricted. The properties of

many of the plants cultivated were known from the descriptions in the herbals recorded over the

centuries since the publication of the classic treatise of Dioscorides'De Materia Medica, published in
the first century AD and subsequently revised for about 1,500 years. Other plants, whose properties,
medicinal values or other attributes were little known, were introduced into these gardens and it

became a legitimate field of study for such plants to be investigated (see Garden Profile 2).

Thereafter, it became normal practise to grow increasing numbers of different plant species in
botanic gardens for scientific study and thus it is from these original medicinal foundations that

many of today's major European botanic gardens have arisen, changing their functions as they

developed.

50



Fig. 2.2 An'origin plan for the Paduan garden', designed in 1545. Illustrated in Hyams and MacQuitty
(1969).

Fig. 2.3. Illustration of Padua Botanic Garden in 18
in Padova. Illustrated in Visentini, 1984. yf

A Ceni; Guida all' Imperial Regio Orto Botanico



Garden Profiles 1 and 2 below, describe respectively ,the foundations of the Royal Botanic

Garden, Edinburgh and The Botanic Gardens of the University of Leiden. They show how the

Gardens were closely allied to the University Faculties of Medicine and arose from a need for

medicinal plant material, stories typical in the establishment of Physic Gardens.

GARDEN PROFILE 1. THE ROYAL BOTANIC GARDEN EDINBURGH

The Garden was established in 1670 by Balfour and Sibbald on a plot of land near Holyrood Abbey
measuring 12 by 12 meters. Balfour and Sibbald were prominent Edinburgh physicians and the
creation of the Garden was closely linked with their profession.

Balfour spent 15 years abroad, in Italy and especially in France, here he saw Morrison's work in the
Duke of Orleans' garden (Morrison was later appointed the first Professor of Botany at the University
of Oxford), attended lectures and visited the Paris Botanic Garden. In about 1668 he moved to
Edinburgh from St Andrew's and entered into medical practice. Sibbald graduated from the
University of Edinburgh in 1659 and then went abroad to Leiden, Paris and Angers to study
medicine.

Balfour and Sibbald were instrumental in organising the medical profession into the College of
Physicians in 1681 (both were President at various times). Both were appalled at the state of
medicine in Edinburgh compared with Europe and particularly with the ignorance of apothecaries,
there being neither pharmacopoeia nor standard drugs.

It was against this medical background and the need for plant material for teaching and for the raw
materials of plant remedies that the Garden was created; it quickly amassed between 8-900 plants
and duly ran out of space. A second garden was created in 1675 and an "intendant", the herbalist
James Sutherland, was appointed to look after it.

The new Garden developed rapidly and soon contained over 2,000 specimens. With time its
reputation spread, extra staff were appointed, new policies were developed and, two moves later, it
bore little resemblance to its original state. However, this Garden Profile demonstrates that its
foundation arose out of a need and that the plants were selected and cultivated for a specific purpose.
This is amply bourne out by Sutherland (1683), in his Hortus Medicus Edinburgensis, A catalogue of
the plants in the Physical Garden at Edinburgh (see Figures 2.4 and 2.5).

"Neither do I need here to trouble your Lordship (the Catalogue is dedicated to the Rt Hon George
Drummond of Miln-Nab, Lord Provest ofEdinburgh) with a rehersal of the advantages that from this
design accrues to the whole nation, and more especially to this place, besides the ornament thereof,
for now it plainly appears that many of these simples that are wanting here, and therefore yearly
brought from abroad, because of their usefulness in Physick, may now by industry and culture be had
in plenty at home, and it is evident that the Apothecaries apprentices could never be competently
instructed in the knowledge of simples (which necessarily they ought to be) before the establishment
of this Garden; for now they may learn more in one summer, than formerly it was possible for them
to do in an age. and to make things easier for beginners, I have planted in one corner of the Garden,
the Dispensatory Plants in an alphabetical order. And for those whose curiosity and time gives them
further desire of learning botanie, I have disposed the whole plants according to the most natural and
rational method, and according to the best and latest authors of Botanie, and particularly our most
learned and incomparable countryman Doctor Morison (of Oxford BG fame), by their genera and
species: by means whereof, they come not only more easily to be known, but also much better
attained in memory."

The Garden is featured again, in Garden Profile 5 where the importance of the 'Chinese Influence' is
described. (Fletcher, 1970).

52



tiorlus meatcuf
EDINBURGENSIS:
yi FfiHURil '(iS9Ri|U- UEEA8T.
A Catalogue

Of the

P LANTS
In the

Phyfical Garden
,E D I N B V % G Hi

CONTAINING

1'hcif mull proper Ltum and Englifh
Names*, With an E olith Alphabe¬

tical INDEX.

Mi. JAMBS SVTHERLJ&D,
Iruenduut of the faid Garden.

i —.

Printed by the Heir of Aidrt* dndrfix, and
to b; fold by Mr. Hr*ry $ cd-MfrchinT, tr

1 thfhrjdof v. stL Pritr.irjid. a*d At the fkfSctt

Figure 2,4. Frontis page of Sutherland's
Hortus Medicus Edinburgensis of 1683

Abrotan m mas anguftitblium r;
majus B. P. mas vulgare Park: vulga- , *-<•
re L B% mas Ger: Immm Southern- %
wood Oft c.
Abrotanum mas anguftltblium ma' 'v*v *

ximum B, P. magtl m camphoratum, *" ft
qulbufdam lnrr-iitanst, Cdw : majiis*—
Park; C,rcat 3 uthcvnmx>di . y ^

Abrotanum fcemina toll is teren&us
,

B. P. foemina Gtf : foemina vulgtre*^'"'v
Park : Chamaxrypaiiiius L B. l*ivcn-
tit r Cut ton. offt t:

Abroiaiium iu.in.ina foliis Erics' P.P. —

Park • Qiamscypanlius unguentaria
I 8. F/V/t L^vernierCo$t$n% nith Heath

Figure 2.5. Example of text in
Sutherland's Hortus Medicus

Edinburgensis of 1683

Figure 2.6, An early map showing the location of Edinburgh's first botanic garden at Holyrood, (RBGE
slide collection, origin unknown).
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GARDEN PROFILE 2: THE BOTANIC GARDEN OF THE UNIVERSITY OF LEIDEN

The University of Leiden dates from 1575 and in 1587 a request was made to the Burgomaster of the
City of Leiden to provide a plot of ground for the creation of a garden and to provide a dwelling
house for a Professor of Botany. This request was granted and Professor Geraerdt de Bont (Bontius)
was put in charge "if willing to continue as well in winter times to explain and administer the
anatomy, as in summer to explain the herbs to students of medicine."

While the Gardens were founded in 1587 it took fully seven years before much was done and
meanwhile, in 1589, de Bont was replaced by Pieter Pauw (Pavius). Pauw "had offered his services to
the University to accept a position in the Faculty of Medicine for the explanation ofmedicinal
herbs..."

Still nothing happened to the planned Garden despite an offer in 1591 to Dr Bernardus Paludanus
from Enkhuyzen in order to encourage him come to Leiden "with all his collected curiosities and
plants, to accept the supervision of the Medicinal Gardens,... besides to reserve two hours every day
to explain the use of plants, not only to students of medicine, but also to amateurs who might be
interested". Unfortunately, his wife did not like Leiden and he was unable to accept the post.

Eventually in 1592, the famous botanist Charles de L'Escluse (Clusius, Fig. 2.12) was appointed; this
was a momentous acquisition for such a young University and a Garden that existed virtually in
name only. It was, however, to have far-reaching "consequences.

The University register of 1594 gives a complete inventory and scale plan of the Garden which
shows that it was divided into four quadrangles by means of two intersecting paths. Each quadrangle
was divided into halves and these were subdivided into a number of beds, the beds were divided into
small parcels and each one allotted a different species (see Fig. 2.11). This allowed for more than one
thousand different species to be cultivated. It does not seem, however, that the plants were laid out to
any systematic or pharmacognostic order.

What is slightly different to some of the other gardens of this type is that Leiden could be thought of
as a hortus botanicus rather than a hortus medicus as had been originally intended. Clusius
apparently had gathered as many different species, regardless of their medicinal value, as he could
crowd together on his small plot of ground. The Gardens are an expression of Clusius' purely
botanical point of view; however, the plants were primarily for teaching medical students and the
Garden was under the ultimate care of the Professors of Medicine.

As with Edinburgh, the Gardens progressed and developed new policies to meet the needs of the
time. Even though the Gardens as they eventually appeared also contained non-medicinally
interesting plants it is worth noting that, as with other Physic or Medicinal Gardens, it was originally
very closely linked with the University Faculty of Medicine. (Veendorp and Baas Becking, 1937).
Figures 2.7 and 2.8 show the layout of the garden in 1610 and 1718 respectively; Figs. 2.9 - 2.11
show the recently completed reconstruction of the Clusius Garden.

The Oriental Period

Stafleu (1969) uses the term 'Oriental Period' to describe the time during the sixteenth and early
seventeenth century when Turkey, Austria and Spain were particularly powerful. However, this is not
a particularly helpful term as it is easy to confuse with a much later period, the late nineteenth and

early twentieth centuries, when 'new' plants were flooding into Europe from the botanical exploration
of China.
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Fig. 2.7. Clusius garden at Leiden in 1610, showing Ambulcarum and curiosities. (Municipal Archives,
Leiden, illustrated in Karstens & Kleibrink, 1982).

Fig. 2.8. A bird's-eye view of Leiden Botanic Garden in 1718 drawn from an imaginary point 85 feet
above the centre. Seventeenth century extensions are visible as well as the Amulcarum, Orangery,
greenhouses and houses of the Professor and hortulanus. (Catalogue Boerhaave, 1720, Botanic Garden,
Leiden. Illustrated in Karstens & Kleibrink, 1982)
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Fig. 2.9. Recreation of the enclosed area
depicted in the bottom left corner of Fig. 2.7.

Fig. 2.10. Recreation of the Clusius
Garden at Leiden

Fig. 2.11. Recreation of the Clusius Garden at the University of Leiden Botanic Garden

During this so-called Oriental Period the Ottoman and Austrian Empires struggled for European

supremacy: Spain pursued interests overseas and the botanical consequences of that are described in
due course. Although the antagonism between the two Empires continued for many years there were

periods of peace and it was partly during such periods that contacts between the two nations
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developed and, as a consequence of this, new plant introductions arrived in western Europe via
Austria, from Turkey. The period 1560-1620 was especially productive, particularly for bulbs as the

following situation illustrates. Daffodils and hyacinths were sent to Austria and Italy (and then

gradually into other western European gardens) by Ogier de Busbecq (1522-1592), the Austrian
Ambassador to Suleiman the Magnificent (Stafleu, 1969). One of the most eminent figures in botany

during the second half of the sixteenth century was the Flemish-Austrian Charles de L'Escule (better
known by his Latinized name of Clusius, 1526-1609, see also above in Garden Profile 2), Director of

Fig. 2.12. Statue of Clusius (Leiden) Fig. 2.13. Fritillaria imperialism sent to
Vienna by De Busbecq and introduced into
Britain some time before 1590

Fig. 2.14. Iris xiphioides; introduced into
Britain in about 1570 by ships plying between
Spain and Bristol

Fig. 2.15. Eranthis hyemalisy from weatern
Europe, mentioned in John Gerard's
Herball of 1597.

Clusius
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two of the most important botanic gardens, Vienna and Leiden, Clusius, through his writings and

exchange of plant material, was to influence the development of botanic gardens all over Europe.
While Austria, Turkey and Spain were in the forefront of European power and while Turkey, in

particular, was a source ofmuch 'new' plant material this does not necessarily infer that these
countries contained the greatest botanic gardens.

By the end of this period, around 1620, the centre of activity had shifted nortwards from Italy to

Austria, Germany and especially the Netherlands. These three countries with their flourishing trade

and mercantile economies were mainly responsible for the unrivalled horticultural and botanical

expansion of the period.

The activity generated by these new introductions was immense from both a scientific and

horticultural point of view. Being botanical 'curiosities' ensured that they typically found their way
into existing collections of exotic and interesting plants- the early botanic gardens. The arrival of
these 'new' plants further confirmed these gardens as the obvious places to cultivate and study such

plants and of course the more plants were acquired so the more prestigious they became and so in
turn the more natural it became to acquire them. This is a cycle that is easy to imagine.

Kraus (1894) mentions that species of the following genera were brought into cultivation during
this period: Muscari, Fritillaria, Narcissus, Gladiolus, Syringa, Philadelphus, Prunus, Iris and

Spiraea (see Figs. 2.13-2.15).

The Period of the Canadian-Virginian Perennials 1620-1687

For some curious but strangely consistent reason it is normally the recipient garden of newly
discovered plants rather than their country of origin that receives lasting fame. This is probably
because those gardens seemed very active due to the opportunity scientists had to study many new

plants and therefore publish new material. However, this botanical activity was usually the accidental

or incidental result ofmore powerful forces. Both the "Oriental" and "Canadian-Virginian", and

later, similarly phrased periods do not so much describe botanic garden activity in those regions as

field work. The actual research and building of new gardens occurred in the countries that had

colonised those places. The examples below illustrate this well.

During the first twenty years of the seventeenth century new introductions started reaching
France: this occurred as a result of the diminishing power of the Spanish and the ascending power of
the English and Dutch, and their control of the seas. However, the Dutch appeared more interested in

the tropics (possibly because of the spices that came from these parts) and the Cape while the English
colonised the eastern USA (known then as Virginia): the French on the other hand looked further

north to the extensive forests and lakes of Canada. It was for these reasons, rather than any logical

rationale, that the French started amassing plants from this region in particular.

The first plants arriving in France, such as species of Spiraea, Solidago, Trillium and Rudbeckia

(see Figs. 2.17 & 2.18) were grown in the Paris "Jardin du Roi" (see Fig 2.16, also known as "Jardin

des Plantes"); and it was the discovery of these Canadian plants that made the Jardin du Roi famous.
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In 1636 Guy de la Brosse published a garden catalogue enumerating a total of 2133 species. By 1665
this total had grown to nearly 4000 species, however only about 2% were Canadian. This story too

repeats itself: the plants special and distinctive of a period are usually in aminority; in the case of the
Jardin du Roi the numerical increase in continental European plants was farmore significant. The
Paris garden had, for instance, rich collections of Spanish plants.

Figure 2.16. Jardin du Roi, created by Guy de la Brosse in 1635. Illustrated in Hyarris 8c MacQuitty, 1969

Fig. 2.17. Rudbeckia laciniata recorded by
Tradescant in 1633 and Parkinson in 1640.
Introduced into Britain from N America via

Vespasien Robin, son of Jean Robin, Royal
Arborist to three French Kings, who also laid
out the Louvre garden.

The royal garden at Paris was only incidentally a palace garden. On the contrary, it was an

independent educational and scientific institution with a royal endowment, originally founded as an

Fig. 2.18. Trillium sessile; introduced into
Britain from N America in 1759.
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establishment to promote the leaching of pharmaceutical botany; it was also independent from the

Sorbonne, the University of Paris. As a centre of biological learning it soon assumed an undisputed
first place in Europe, even when compared with University establishments. The Paris garden remains

today the oldest non-university botanic garden still in existence.

The French were very liberal with their plants, and the Canadian trees and perennials quickly
found their way to other countries. It is interesting to note that English gardens seem to have

received several of their first North American plants from France. Judging from Aiton (1789), a

plant like Tradescantia virginica was grown in England for the first time some 10-20 years after it

was reported from, for example, Paris or Basel. The first lists of the Oxford botanical garden contain

very few new plants by comparison with the continental gardens (reflecting the poor reputation at

this time of Oxford); the collections were distinctly poorer. A few decades later, in the early part of
the eighteenth century, private botanic gardens in England, such as that of Bishop Compton at

Fulham and the garden of the Tradescants at Lambeth had early Virginian introductions such as

species of Magnolia, Acer, Tradescantia, Liriodendron, Aralia, Juglans and Rhus (Taylor 1967), see

Figs. 2.19 & 2.20. This is the second phase of this period, the beginning of the direct English
introductions from Virginia. These introductions found their way slowly into continental gardens

and, at first, mainly towards Holland. A third wave of North American plants, after the French (from

Canada) and the English (from Virginia) came to Holland. The Dutch also had settlements in North

America, for instance on the Island of Manhattan, from which they introduced plants into the Leiden
and Amsterdam gardens. Aster novi-belgii and A. novi-angliae were among them (Stafleu, 1969).

The total number of taxa represented in botanic gardens increased steadily. The catalogues of the
Leiden garden around 1600 lists about 1000 species (Pauw, 1603, in Stafleu, 1969); towards the end

of the period the Paris garden claimed nearly 4000 species (Joncquet, 1665, in Stafleu 1969). The
"Jardin du Roi" must have been by far the richest (in terms of both numbers and diversity) garden of
this period. It should be stressed again that this increase in number did not stem from the American

introductions alone; numerically the increase in number of continental European plants was much
more important. It is worth noting that the descriptions of taxa at this time were very haphazard (see

Fig. 2.5) as there was no standardised format for naming plants and that even minor variations could

be included as different species. However, one of the outcomes of all this collecting and cultivation
were the eventual systems of classification of Jussieu and Linnaeus.

The Influence of the Cape: the late seventeenth to late eighteenth century

Glasshouses in the modem sense are Italian in origin and were developed in the middle of the
sixteenth century (although there are examples of protected structures before this time): they play a

key role in the next phase of expansion of botanic gardens and their plant collections. For more
information on the development of glasshouses see, for instance, Woods and Warren, 1988 or

Koppelkamm, 1981. Though Italian in origin, glasshouses were quickly adopted by botanic gardens
in other countries, for instance in Leiden in 1599 (the Leiden gardeners had studied and travelled in

Italy). The development of glasshouses was accelerated by the introduction of an entirely new range
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of plants: the second half of the seventeenth century saw an influx of plants from the Cape ofGood

Hope.

Fig. 2.19. Tradescantia virginica; introduced
into Britain from eastern USA in 1629

Fig. 2.20. Liriodendron tulipifera;
introduced into Britain from eastern USA
before 1688

A permanent port was set up at the Cape by Jan van Riebeeck for the Dutch East India Company
in 1652 and the Dutch trade with the East Indies increased greatly during the seventeenth century as

Holland entered its 'Golden Age'. Wealthy merchants were interested in growing exotic plants in

their gardens, and, like the patrons of the Commelins in Amsterdam, in increasing the riches of the

university botanical garden of which they were governors. The Dutch Republic, newly independent, a

refuge for intellectuals from all places where freedom of religion or political thought was impossible

(and particularly after the revocation of the Edict of Nantes in 1685), reaped a harvest of energetic

protestant commercial and scientific immigrants.

The great economic and scientific expansion brought about an enormous increase in plant
introduction and enriched the Leiden (and Amsterdam) garden rapidly, especially during Hermann's

and Boerhaave's (Fig. 2.21) directorships of the Leiden garden. Schuyl (1668) lists 1827 taxa, Paul

Herman (1687) 3847 (Fig. 2.22) and Boerhaave (1720) 5846. The latter describes this development
in great detail in the introduction to his 'Index alter' (1720), stating that "practically no captain,
whether of a merchant ship or aman-of-war , left our harbour without special instructions to collect

everywhere seeds, roots, cuttings and shrubs and bring them back to Holland". The great driving

power behind these activities was in the first instance Paul Hermann, a German immigrant, native of

Holland, who travelled in South Africa, India and Ceylon between 1672 and 1680. In 1680 he

became Professor of Botany at Leiden, and with this appointment the enormous increase in the plant
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population of the Leiden garden started. About the same time (1682) Jan Commelin at Amsterdam
was appointed by the governing board set up by the municipality, to create a new botanic garden. He

and his nephew Caspar did for Amsterdam what Herman did for Leiden. All three were in close

contact with the great shipping and trade businessmen of the Netherlands, and these wealthy

merchants started to become interested in plants and gardens themselves. All their ships going to the

east went by the Cape of Good Hope, and the opportunities for plant introduction from that extremely

rich promontory of Africa had never been so good. The sea voyage was relatively short, much shorter

than the voyage from India and local people at the Cape could supply the returning vessels with the

plants.

The relevance of these introductions to botanic gardens was very great. Leiden and Amsterdam

were at the forefront of academic learning and horticultural cultivation and their example was

followed closely by botanic gardens throughout Europe.

Figure 2.21. Dr Herman Boerhaave (1668- Figure 2.22. Paul Herman's catalogue of
1738). Illustrated in Le Rougetel, 1990. the Leiden Garden. (Horti Academici

Lugduno-Batavi Catalogus, 1687).

Some of the plants brought back from the Cape during this period included species of the

following genera; Euphorbia, Mesembryanthemum, Aloe, Crassula, Haemanthus, Pelargonium,

Lobelia, Protea and Erica (Kraus, 1894 in Stafleu, 1969), see Figs. 2.23 & 2.24.

The Cape flora quickly found its way to other European gardens, especially plants of genera such

as Pelargonium, Aloe and Mesembryanthemum which were not difficult to grow. During this period
Holland was the great centre of plant introduction and distribution (it also had excellent botanical

libraries and expert printers), a position it has never quite regained, with the exception of the bulb
trade. The early Cape plants reached British gardens also somewhat late and almost exclusively from
Holland: in the course of the eighteenth century, however, direct introductions into Britain increased

rapidly in volume and importance as British mercantile interests and trade greatly expanded.
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Fig. 2.23. Crassula repestris from Cape Province: Fig. 2.24. Aloe striatula from Cape province;
typical of the plants introduced from the £ape in typical of the plants introduced from the Cape in
the eighteenth century. the eighteenth century.

Special mention should be made here of the Aberdonian Francis Masson (1741-1805), Kew's first

professional collector who spent a total of ten years in South Africa from 1772. While some of the

species he collected were hardy many required glasshouse protection during the winter. His
ib-

introductions included: Strelitzia reginae (Fig. 2.43), about 50 Pelargonium spp, 40 Stapelia spp, 86
Erica spp, Crassula spp, Asclepias spp, Euphorbia spp, Gladiolus spp, Lobelia spp,

Mesembryanthemum spp and many other plants which are now well-know but which at the time

added greatly to the botanic garden flora.

Fig. 2.25. Strelitzia reginaey introduced to Kew
by Massen and sent from Kew in 1795 as a
gift to the Empress Catherine of Russia.

Fig. 2.26. Pelargonium zonale: Massen
introduced about 50 species from S Africa,
almost half the known number of species.
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For Europeans, the seventeenth and eighteenth centuries saw a great increase in travel and as a

consequence many plants were introduced into botanic gardens from other parts of the world. There

is, however, no single, predominant group of plants that can be compared with those of the Cape,

although introductions continued, for instance, from the Americas. The flora of the glasshouse in the

eighteenth century outside Britain and Holland consisted mainly of Cape plants and of the old
Mediterranean collections.

The German, French and Italian gardens could no longer match those of Holland and Britain.

The number of plants cultivated in their gardens increased steadily: Leiden according to Boerhaave's
index of 1720, contained the greatest botanical wealth, with nearly 6000 species, or at any rate taxa.

Even Linnaeus listed only 987 species in Uppsala in 1748 and Scandinavian gardens remained

relatively poor for quite a while even after Linnaeus' return from Holland. His successor Thunberg,

however, a botanical traveller who started a programme of introduction of his own, had built the

Uppsala collection up to 2906 by 1800 (Thunberg, 1803-1811 in Stafleu, 1969).

These greatly increasing holdings, representing increased representations of the world's main

floristic groupings, enabled a progressively more inclusive and comprehensive study of botanical
science.

North American Trees and Shrubs (second half of the eighteenth century)

The English colonial expansion of the New World in the second half of the eighteenth century
resulted in many, often woody, species entering botanic gardens. This new wave was in contrast to

the Canadian-Virginian introductions of the seventeenth century in which there were relatively few

woody plants. Interestingly, the arrival of these 'new' woody plants from America coincided with the

later phases of the English Landscape Movement in the eighteenth century and which further
stimulated their collection. This style was much freer than the rigid formality of continental gardens
and took its inspiration partly from poetry and the idea of the supremacy of Nature over manmade

designs. However, it is important to make the point that 'collector' gardens did not play a significant

part in these developments until the very end of the eighteenth century. From this period on Britain

definitely took the lead in European horticulture and kept it for a considerable time.

The dominant economic and colonial expansion of British influence overseas is apparent

throughout the nineteenth century. Cultural development usually accompanies economic expansion
but lasts longer. The English landed classes increased their wealth by means of the development of

C

industry and of international trade. The wealth and inlination of the upper classes created the

opportunity for new gardening styles, typified by Brown and later by Repton and the Picturesque and

Gardenesque improvers. The new trees from America needed space, and this was exactly what was

lacking in the continental botanic gardens. While the classic 'English Landscape Movement' parks,

typified by Capability Brown, used scarcely more than a dozen species of trees, later, towards the end

of the eighteenth century those ofRepton and later practitioners often included large exotics and

special collections, often under glass. In this way English private gardens took the initiative and

many of them could really be called botanical gardens because of the wealth of their collections. It
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was due to the wealth of these collections that many were later developed into Arboreta or outstations
of established botanic gardens, for example Westonbirt and Dawyck.

Fig. 2.27. Present-day photograph of the Botanic Garden of the University of Leiden

Fig. 2.28. Carl Linnaeus Fig. 2.29. University of Uppsala Botanic
Garden

Notable gardens in England at this time included those of Peter Collinson at Peckham and later at

Mill Hill and of James Sherard at Eltham, and Philip Miller's apothecaries' garden at Chelsea.

Important figures in this respect were people like Mark Catesby, traveller in Virginia between 1712
and 1729, and John Bartram, a resident of the Philadelphia area. The latter established the first

'ip/y
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botanical garden in the American continent on his estate on the Schuylkill River near Philadelphia in

1731. In this garden he could study and propagate his plants before he shipped them to England,

mainly to his faithful correspondent Peter Collinson. It was through Collinson that many of the

American introductions reached, among others, Philip Miller's garden in Chelsea (for more
information see, for instance Le Rougetel's interesting book, The Chelsea Gardener- Philip Miller

1691-1771, published in 1990) and the new gardens at Kew of Princess Augusta (see Garden Profile

6). Many well known plants such as species of Kalmia, Rhododendron, Ilex, Spiraea, Quercus,

Tsuga and Chamaecyparis (Figs. 2.30-2.33) were introduced by this Bartram and Collinson

partnership (see Ewan 1991 and Stafleu 1968). These gardens soon ranked among the richest (in
terms of species numbers and diversity) in the world, not in the least because they were laid out at the

height of plant introduction from the New World.

Bartram was not the only botanist responsible for this wave of new plant material; several other

American collectors and botanists should be mentioned, for instance John Clayton, Cadwallader

Colden, Benjamin Franklin and Alexander Garden.

Continental pre-eminence in botanic gardens slowly dwindled and coincided with the

introduction of the North American trees and shrubs. These came about as a result of pre-

revolutionary contacts between Britain and what were still its American colonies and with the rising

power, socially, economically and culturally, of eighteenth century England.

The introduction of these North American woody plants into continental gardens was a slow

process. The gardens were usually too small to accommodate new trees and shrubs. The continental

European botanical gardens had kept their closed character and still showed that they had originally
been developed from the walled or fenced-in monastery and herb garden with their small rectangular

beds, mostly located in the towns or immediately adjacent to them. British gardens (but not

necessarily botanic gardens) of this period, however, were based on open landscapes with freer, more

natural design. Space was little problem and the arborescent material from America proved ideal to
mix with native trees.

This period of introduction affected botanic gardens in two ways. First, many attractive and easily
cultivated plants were introduced into botanic gardens and, second, many private gardens , that later

were to become botanic gardens, also managed to acquire these plants.

Introductions from New Holland and Oceania

The next distinct period in the growth of the populations of botanic gardens is characterised by
the wave of the 'New Holland' plants, that is mainly from Australia, Tasmania and New Zealand.
Here again the British gardens, including botanic gardens, were the first to reap the benefits from

this new development in exploration, with the French second in line: it was through Britain that

these plants reached continental gardens.
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Fig. 2.30. Kalmia latifolia; introduced into
Britain from eastern USA in 1734

Fig. 2.31. Rhododendron maximum;
introduced from eastern USA in 1736

Fig. 2.32. Tsuga canadensis; introduced into
Britian from eastern N America in 1736

Fig. 2.33. Quercus palustris; introduced
into Britain from N America in 1800

With the benefit of historical hindsight the first voyage of Captain Cook (1768-1771) can be seen

to mark the beginning of the era. Cook was accompanied by Joseph Banks (Fig. 2.34), the leading
?

figure in British natural history between 1770 and 1820, from 1778 as president of the Royal Society.
It is interesting to note that the exploration of the South Pacific area occurred long before the interior

of continents were open. Travelling on the high seas and oceans was simpler and safer than
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travelling deep into the continents, and it remained that way until well into the nineteenth century.

The interior not only of China and Siberia, but also of the Balkan peninsula, Turkey, Arabia and

North Africa, remained relatively unknown during the eighteenth century, whereas a knowledge of

many of the islands of the Pacific soon became routine. Most of the plants from the Cape came from
the small marginal zone along the sea, far fewer (and later) from the interior; the plants from

Virginia and Canada came first only from the provinces near the Atlantic ocean (the conquest,

exploration and settlement of the AmericanWest did not take place until the nineteenth centun).

The expeditions of Cook, Le Peyrouse and many others must be seen in this light.

Notwithstanding the dangers of the high seas, travelling by ship was considerably safer than

travelling on a continent. Ships like the "Endeavour" were travelling fortresses and laboratories at

the same time, especially if they could operate in small numbers and not alone. The plants could also

be cared for much more easily on a ship (though salt laden winds and mistakenly watering plants

with sea water caused many deaths) than on any sort of continental caravan. This is the reason why
Tasmanian eucalypts and acacias appeared in British gardens earlier than, for instance, the primulas
and rhododendrons of China.

The late Eighteenth and early Nineteenth Century

During this period the world opened up to travel faster than ever before; this allied to the

industrial revolution had a dramatic effect on all aspects of communication, trade, science and,

obviously, to plant introductions. Better ships were built, steamships soon appeared and the

continents were opened up by railroads. Technological innovators made it possible to construct large

greenhouses for tropical plants. Most characteristic of the nineteenth century is, however, the coming
of tropical plants and also those from the American west; additionally Japan opened its harbours. An

entirely new element was the establishment of tropical botanical gardens, which are highlighted in

the next section. Botanic gardens rapidly lost their character of small herb gardens and became

bigger and bigger, large arboreta were planted and many botanic garden were established at

Universities.

Until this period botanic gardens had been established largely as places of science, where plants
could be collected and studied either as an academic pursuit or allied to medicine. The nineteenth

century saw the remit of botanic gardens extended to include tropical gardens whose main function
was the introduction and assessment of plantation crops (often later to become agricultural research

stations) and municipal and civic display-type botanic gardens showing off plant curiosities from
overseas (the start of a public education role).

Colonial Tropical Botanic Gardens

The early tropical botanic gardens were more motivated by considerations of trade and commerce

than by science for its own sake. This was especially true of those that were established by the British

in the colonial territories, but a similar situation occurred with other colonial powers in the 18th and

19th centuries. This aspect of botanic garden history is well documented and additional information
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can be derived from: Brockway, 1979, Heywood, 1983, Holtoun, 1970, Juma, 1989 and Purseglove,
1959.

Fig. 2.34. Sir Joseph Banks Fig. 2.35. Clianthus puniceus, collected by
Banks in New Zealand.

Brockway (1979), in her book Science and Colonial Expansion - The Role of the British Royal
Botanic Gardens, presents an historic-anthropological study of the early role of formal scientific
institutions in the expansion of the British empire in recent world history. The book demonstrates
that such institutions played a critical role in generating and disseminating useful scientific

knowledge which facilitated transfers of energy, manpower, and capital on a worldwide basis and on

an unprecedented scale. More particularly the role of the Royal Botanic Gardens, Kew (Garden

Profile 6) and the colonial gardens are examined, along with other botanical and scientific institutes,

in encouraging and facilitating plant transfers for their economic value, which had an extraordinary

impact in parts of the world subject to western imperial influence in the nineteenth and twentieth

centuries.

In India the first known large holdings of plants grown for curiosity, amenity and function were

those of the early royal palaces in North India which date back some two and a half to three thousand

years. Johri and Babu (1977), in their paper 'Botanic Gardens in India, Past, Present and Future',

state that the first gardens ofmore modern times in India were the pleasure gardens established by

Mughal rulers during the 14th and 15th centuries. With the advent of European civilization, the

vegetable gardens of the missionaries of Tranquebar (Travancore) arguably became the first botanic

gardens when J.G. Koening subjected them to botanical studies in 1768. However, the first real

European model botanic garden in India was established by Robert Kydd on the banks of the

Hooghly, near Calcutta in 1787 (see Garden profile 4, below). While this garden was originally
established to acclimatise and grow teak it was also instrumental in the introduction of jute, rheea,
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sugarcane, tea, cinchona, coffee, West Indian mahogany, rubber, fruit, essentail oil, and spice-

bearing plants into the Indian subcontinent. Its main role later turned to taxonomic research but it is
now viewed as an archetypal 'colonial botanic garden'.

The Royal Botanic Gardens, Kew, in particular served as a control centre which regulated the

flow of botanical information from the metropolis to the colonial satellites, and disseminated
information emanating from them (Kew Bulletin, 1889, for example, lists 20 countries and 51

botanic gardens with which RBG, Kew corresponded in 1889). Much of this botanical information
was of great commercial importance, especially with regard to the tropical plantation crops, one of
the main sources of wealth of the Empire.

Garden Profiles 3 and 4, for the Aburi Botanic Gardens, Ghana and the Indian Botanic Gardens

(Calcutta), Howrah illustrate typical situations, but neither of these gardens was the first botanic

garden to be founded in the tropics; this distinction goes to the Pamplemousses garden in Mauritius,
which was founded by Governor Labourdonnais in 1735. Its initial role was to provide fresh fruit and

vegetables for the settlement and for ships calling at the port. Labourdonnais also introduced many

spice plants as well as cassava for feeding the slaves. Later developments, including the

establishment of a trial garden and the introduction ofmany economically useful plants, some of
which were introduced into Reunion, Madagascar and Cayenne, led to the group of gardens known
as the Pare de Pamplemousses and today as the Royal Gardens Pamplemousses.

This was the pattern ofmost botanic gardens created in India, in south east Asia and in the

Caribbean, mainly by the British and Dutch. This was a period of intense commercial rivalry; a
botanic garden in Singapore, for example, was started in 1822 by Stamford Raffles of the British
East India Company when the British were trying to break the monopoly of the Dutch in the spice
trade (the garden was subsequently abandoned in about 1846 - Purseglove 1959).

Many crop plants were introduced by or through these gardens and included cloves, chocolate,

cinchona, tea, coffee, oil palm, and breadfruit. The emphasis was very much on economic

development and several of these gardens were created specifically to act as nurseries or propagation
centres for the receipt of germplasm of commercial crops. Notable amongst these were the Royal

Botanic Gardens at Peradeniya, founded in 1821, which wielded considerable influence on the

development of agriculture in Ceylon and indeed far beyond. It was the director of this garden,

Thwites, who in response to a request from the UK government, took action to rescue the local

economy after failure of the coffee plantations caused by disease. It was decided to introduce
Chinchona as a crop and for this purpose a new station or mountain botanic garden, that of Hakgala,
was created. From 1873-1876 the prodigious number of 3,486,000 seedlings of Chinchona were

made available to local planters. Later a lowland garden ,that of Henerato (now called Gamp^ha, see

Figures 22 and 23) was established to receive and grow on seedlings of Para rubber (Hevea) from the

Royal Gardens at Kew after its introduction from South America.
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Fig. 2.36. Remains of original Para rubber
trees at Gampha, sent from RBG, Kew

Fig. 2.37. Gampha

Another botanic garden involved in the planting of rubber was Singapore, originally founded in

1859 by an Agri-Horticultural Society. After a chequered history the garden was taken over by

Cantley. Among the economic species he introduced into the garden was Para rubber, a plant

normally more associated with his successor H N Ridley. Ridley showed how Para rubber could be

effectively tapped on a regular and frequent system and how this made possible the development of
the highly successful rubber plantation industry on which the prosperity of Malaya and later other

parts of south east Asia became based.

The combined efforts of these tropical botanic gardens in transporting plant material across the

continents were largely responsible for many of the major agricultural patterns of the tropics in

several parts of the world. Unfortunately, however, according to Heywood (1987), in their very
success often lay the seeds of their future decline. The increasing involvement of these tropical

gardens in agriculture, horticulture and forestry led inevitably to the creation of separate institutes,

departments or schools of agriculture or, as in the Caribbean, the foundation of Agricultural

Experimental Stations. This deprived the gardens which fathered these new institutions of one of
their major justifications for existence. In Peradeniya, for example, afterWillis's retirement the
Garden was made the basis of a Depar tment of Agriculture for Ceylon, and much to the

disappointment of Willis most of the botanical work of the Garden ceased apart from the mycological
work of Petch. On the other hand the ornamental horticultural work of the garden continued to

develop under the Curator H F Macmillan.
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While commercial aspects have, rightly, been cited as the major justification for these gardens it

would be wrong to think that this was their only cause for existence. Holttum (1970) and Purseglove

(1959) point out that many of them were also major centres for the scientific study of tropical

biology, fioristics and taxonomy and from their staff flowed many sound scientific publications.

GARDEN PROFILE 3: THE ABURI BOTANIC GARDENS, GHANA

The Aburi Botanic Gardens was officially opened in 1890, although its site had previously been used
as a health resort for convalescent colonial officers by the Ghana (then Gold Coast) government since
1875. For some years previously the idea of founding a botanic garden in Ghana had been discussed
and it is interesting to note that a select committee of the British House of Commons had
recommended in 1842 that a botanic garden be established in the then Gold Coast. The gardens are
now under the care of the Department of Parks and Gardens.

The main objectives of the garden in 1890 were:

i To undertake the exhaustive exploration of the agricultural resources of the country to find suitable
economic plants for European markets;
ii To carry out experimental research on economic and decorative plants from other tropical and sub¬
tropical countries to find out which could thrive under local conditions; and,
iii To teach scientific methods of agriculture to local farmers.

The first Agricultural Station in the country was established in the gardens in 1890. In that year,
with the sponsorship of the Royal Botanic Gardens, Kew, the first Curator, Mr William Crowther
was appointed. He served in the gardens until 1895. In 1928 it was decided to abandon all
agricultural research in the gardens and it was opened to the public for recreational purposes. The
gardens are 64.8 ha in area with 12.2 ha still to be developed. The site includes plantations of cocoa,
para-rubber and kola-nut, including several extremely endangered palm species.

GARDEN PROFILE 4. INDIAN BOTANIC GARDENS (CALCUTTA), HOWRAH

Calcutta Botanic Garden was founded in 1787 during a period of prosperity for the city through its
role as a great trading centre of the East India Company. The Company was concerned at the
shortage of supplies of Oak for its shipyard at Deptford on the Thames and the original aim of the
new garden at Calcutta was to carry out trials to see if teak could be grown in the vicinity. So much
enthusiasm was there for the idea of a garden that the city set aside 310 acres for the purpose. In the
words of Colonel Kyd, the garden's founder, the garden was to be created "not for the purpose of
collecting rare plants as things of curiosity or furnishing articles of luxury, but for establishing a
stock for disseminating such articles as may prove beneficial to the inhabitants as well as the natives
of Great Britain, and which ultimately may tend to be the extension of the national commerce and
riches" (Kyd quoted in Gager 1938).

The original intention then, was to establish what today would be called a commercial nursery rather
than a botanic garden. In fact, Kyd, in his submission to the Bengal government, was not at all clear
as to what to call the garden he proposed and talked about it in terms of a horticultural nursery. Yet
as Burkill (1953) notes, he wanted it to be something more than a garden, and so called it a botanic
garden although no botany was intended to be practised there and he explicitly wrote that there
would be none.
In 1872 the garden was designed as a botanic garden by Sir George King; paths, vistas and water
features were created and the garden planted up with an enormous diversity of trees. An herbarium
and library were built and taxonomic research was introduced. Much important taxonomic research
was undertaken and the garden became famous through botanists such as Roxburgh, Wallich, Kurz,

Garden Profile 4 continued overleaf
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Griffith, Royle, King, Duthie, Gamble, Wight, Brandis, Beddome, Prairi and Jack. Calcutta is justly
renowned for the importance of its historic collections which are still used extensively by imhouse,
and visiting, botanists.

The garden today contains over 15,000 taxa of trees and shrubs in 2,350 species, together with
several thousand herbaceous plants. There are five glasshouses and five greenhouses and
conservatories, a student garden, orchidarium, medicinal plant garden, flower garden and two
nurseries. The garden maintains germplasm collections of bamboos (26 species), Bougainvillea (148
cultivars in 3 species), Citrus, Jasminum (25 species), Palms (109 species), Pandanus, Water Lilies
(30 cultivars in 4 species), succulents (100 species), Hibiscus and many more. Besides maintenance,
emphasis is given to: i, selective introduction of plants, their successful acclimatization and
assessment, ii, ornamentation of selected parts of the garden to make them more attractive to visitors,
and, iii, dissemination of the knowledge acquired through research and culture for the benefit of the
wider community. Taxonomic research is still the most important research carried out but other work
includes plant introduction, propagation and conservation,

In addition to its scientific functions the garden is also used very intensively as a park and
recreational space.

In 1963 the Garden came under the management of the Botanical Survey of India (BSI).

Figures 2.38-2.42 illustrate some of the main features.

Fig. 2.38. Indian Botanic Gardens
(Calcutta), Howrah.

Fig. 2.39. Indian Botanic Gardens
(Calcutta), Howrah.

The Chinese Influence

Most instances of initial scientific exploration in a country have been far removed from political
and commercial influences and botanical, and other, collectors have frequently been the first pioneers
in parts of the world hitherto untrodden by Europeans. China is a remarkable exception to this in
that it resisted all efforts at penetration for centuries, and resisted successfully. In this case scientific

exploration had to follow slowly in the wake of political and commercial treaties. The history of
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botanical exploration in China and the consequent plant introductions is rich, and full accounts are

given in European Botanical Discoveries in China (Bretschneider, 1898) and Plant Hunting in
China (Cox, 1945). An impression of the size and diversity of the Chinese flora is given in Footnote

2.1, at the bottom of page 75.

During the first century and a half foreigners were allowed no further than the immediate

neighbourhood of a few specified treaty ports, such as Macao and Canton, and so nothing was known

of the native flora save what was cultivated in private gardens. Gardening however, had long been

practised in China and many cultivars of plants such as chrysanthemum, peony, camellia and azalea

were cultivated and it was these sorts of plant that were collected initially. Bretschneider (1898), lists
all new names of Chinese plants given in the second edition of Alton's Hortus Kewensis (1810 -

1813) as being cultivated at Kew. They total 90, almost all introduced between 1786 and 1808 by

private individuals and also via the British Embassy, but not by Kew.

After the war of 1860 everything changed: subjects of the Treaty powers were allowed to travel in

the interior of China and missionaries were allowed to work where they liked. This was at once a

passport to the scientific exploration of the whole of the enormous Chinese Empire. Not only were

expeditions of all sorts and sizes possible from now on, but the additional European population in the

country, members of the much enlarged consular service, additional missionaries, personnel of the

newly formed Imperial Maritime Customs, and so on, contained many who were extremely interested
in all aspects of natural history.

Many individuals from many different walks of life were responsible for the study and collection
of Chinese plants: they included French missionaries such as David (collected 1860s and 70s, Fig.

2.45) and Delavayi (collected mid 1880s), commercial nurserymen such as Veitch (sent 22 plant

collectors, including Lobb, Wilson (Fig. 2.43), Maries, Purdom and Veitch, to various parts of the

world, but especially China, between 1840-1905), Vilmorin of France, and Bees (sponsored

Kingdom Ward, spent nearly 50 years in China, Tibet, Upper Assam and Burma), botanic garden or

scientific institution staff such as Forrest (7 expeditions to China between 1903 and 1932; collected

over 30,000 specimens, Fig. 2.50) and Rock, and self sponsored plant enthusiasts such as Farrer

(West China 1914), Ludlow & Sherriff (Fig. 2.46). Britains were not the only explorers: others

include Maximowicz (Russia), Osbech (Sweden) and Tatarinov (Russia).

GARDEN PROFILE 5. THE ROYAL BOTANIC GARDEN EDINBURGH (RBGE)

The RBGE has already been used in a Garden Profile (No.l), to describe the formation of Physic
Gardens and the reader's attention is drawn to the description of the early years of the Garden in that
Profile. The Profile presented here describes the period from the late part of the nineteenth century
when the influx of Chinese plants changed dramatically the diversity of the Garden's live plant
collections.

In 1902 Bayley Balfour, Regius Keeper of the Garden, appointed George Forrest to a minor post in
the Herbarium. Forrest, who had just returned from Australia, was physically fit, meticulous, had a
keen eye for plants and a pioneering spirit. When Arthur Bulley, a wealthy cotton broker from
Liverpool whose garden at Ness was a plantsman' paradise and centre of the seedsmen Bees Ltd,

Garden Profile 5 continued on page 76
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Fig. 2.40. Indian Botanic Gardens
(Calcutta), Howrah

Fig. 2.41. Indian Botanic Gardens
(Calcutta), Howrah

Fig. 2.42. Indian Botanic Gardens (Calcutta), Howrah

2.1. After the former Soviet Union and Canada, China is the third largest country in the world and about the same size as the USA.
Within its territories is a botanical richness and diversity unparalleled in temperate latitudes. With an estimated 30,000 species of
higher plants (in 353 families and 3184 genera), China holds some 12% of the world's plant diversity, a figure only rivalled by two
other countries (Brazil and Colombia). This great botanical treasure is the product ofmany interacting factors, including
topography, climate and geological history, which have combined to produce a vast variety of environments, from rain forests to
deserts, and sea shores to alpine pastures. Nowhere else within a single country's borders can an unbroken connection between
tropical, subtropical, temperate and boreal forests be found. Within these habitats, rich associations of plants have evolved, so that
today 220 genera are recognised as endemic to China, whilst at. the species level endemism is estimated at around 56%.
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Garden Profile 5 continuedfrom page 74
approached Balfour for suggestions on a suitable candidate to collect plants in China, Forrest was the
obvious choice.

Forrest's first trip took place between 1904 and 1907, to be followed by six further visits, on the last
of which, in 1932, he died from heart failure. Balfour's judgement of Forrest had been right, he
turned out to be a methodical and energetic collector who covered vast areas by recruiting and
training local people to assist him. The result was that he introduced unprecedented numbers of
plants into cultivation and brought back over 30,000 herbarium specimens. His introductions
included some 300 new rhododendrons, as well as camellias, magnolias, Meconopsis, lilies, primulas
and gentians.

Almost everything Forrest collected went first to Edinburgh, where it was sorted and classified.
Surplus seed was then distributed to those who had given financial support for the expeditions. Every
area of expertise at the Garden was called upon to document, propagate and cultivate this massive
influx of new material. The task took the best part of half a century, and was the driving force behind
a number of developments such as the rock garden and various glasshouses. Balfour took on the
classification of the two largest genera, Rhododendron and Primula, which occupied him for the rest
of his life.

The impact of Forrest's collections was far reaching. British gardens, for example, never looked the
same again once the finest species and their hybrids became commercially available. More
specifically the garden flora at RBGE changed dramatically. It found itself with an unrivalled
collection of Sino-Himalayan plants, both dried and cultivated, and became the leading botanical
authority in this area, a position held to this day.

Towards the end of Bayley Balfour's time as Regius Keeper he sought sites for growing plants,
particularly these Chinese, and Himalayan, plants such as rhododendrons and conifers, that did not
thrive in Edinburgh's poor soil and relatively dry, cold climate. It was left to William Wright Smith,
Balfour's successor as Regius Keeper, to finalise an agreement with the Forestry Commission for a
property in Argyll. In 1929 part of the policies of the Benmore estate in the Cowal Peninsula,
initially 36.5 ha, became the first specialist garden of the RBGE; Younger Botanic Garden as it came
to be called with its higher rainfall and varied topography allowed for a freer and more naturalistic
style of gardening than was not possible at Edinburgh and quickly became renowned for the
cultivation of Sino-Himalayan plants.

The 'Chinese Influence' described in this section undoubtedly altered the flora of RBGE and indeed
those ofmany other botanic gardens.

The importance of taxonomic research and its influence on the botanic garden flora

Several botanic gardens in existence today have evolved from physic gardens within university
medical faculties, to gardens associated with university botanical or biological faculties, to

government-funded gardens. Others have remained as university botanic gardens for the duration of
their existence. Chapter 3 (Question 4) describes how many countries now have two or three major

government-funded gardens and a larger number of smaller, university-funded gardens. In mainland

Europe however, many of the most significant botanic gardens are still university-funded (for

example Leiden, Utrecht and Copenhagen) or town Council-funded (for example Frankfurt and

Gothenberg). Colonial gardens often developed from a commercial base (see the section above) while

in other countries governments created new botanic gardens.

76



Figure 2.43. E.H. Wilson, who started his
plant collecting life for Veitch's and ended it
with the Arnold Arboretum. Davidia
involucrata and Kolkwitzia amabilis are two of
his most interesting introductions

Figure 2.45. Abbe Armand David (1826-1900), a
French missionary who collected in Inner
Mongolia and up the Yangtze River and whose
name is commemorated in Davidia involucrata,
Buddieia davidii and Clematis davidiana.

Figure 2.44. Augustine Henry, a doctor
from Ireland, who served in the Chinese
Imperial Customs Sevice. Originally
interested in herbal drugs, he became a
part time collector for Kew, Between 1881
and 1900 he sent back 15,000 dried
specimens as well as many bulbs & seeds.

Figure 2.46. George Sherriff who, with Frank
Ludlow between 1933 and 1947 undertook seven

major expeditions in the Himalayas, Tibet and
Bhutan. He is credited with 27 new primulas, 38
new saxifrages and 23 new gentians.
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In what ever way they were created, the important point to mention is that most countries today
have two or three principal botanic gardens, usually but not always government-funded, that have a

particular responsibility for taxonomic research. These gardens, which have the staff and resources to

undertake taxonomic research, have been of crucial importance in the development of botanic

gardens, especially from early in the nineteenth century, to the present day. No account of the history
and development of botanic gardens would be complete without a section dealing with these gardens.
Not only is the research produced essential for many aspects of scientific and cultural life but the
scientific expeditions mounted to gather plants for scientific study have also had a profound affect on
the content and functioning of live plant collections within botanic gardens.

The progression of physic gardens from cultivating only medicinal plants to cultivating more and
more 'interesting' plants was enhanced with the creation of university departments of botany. The

garden could now serve two groups of staff and students (medicine and botany) and be seen to

provide material for classes and be a 'living laboratory' for plants to be studied in their growing state.

Additionally, many universities created botanic gardens purely to serve their botany departments.
Over time botanic gardens amassed large collections of plants through discovery of new lands and

the development of diverse policies as described in this chapter. The living, or live plant, collections
as they have come to be called provided an invaluable resource for botanical (and especially

taxonomic) research and were used in conjunction with preserved plants in the herbarium. After the
brief description of an herbarium and its functions given below, comparison between the two is made

highlighting their respective advantages and disadvantages.

The increasing numbers of species in the garden went hand in hand with the development of the
herbarium and while the two were, and still are, mutually supportive, they can be distinguished as

two completely separate entities within the organisation. In many cases though, similarities in

specialisms occur in the collections of live plants and herbarium material held within the same

institution. The Royal Botanic Garden, Edinburgh, for instance, currently has large collections of

Chinese and Himalayan plants in both the Herbarium and Garden.
c

Luca Ghiru, the creator of fhe Pifa garden, is also credited with the invention of the herbarium, a
collection of pressed and dried plant specimens fixed to sheets of paper and labelled with their
scientific names and the dates and places of collection. The early herbarium was usually formed of

bound volumes and was called a hortus siccus, literally a dried garden. The volumes were portable
and enabled botanists to compare plants grown from one region with those from another. It also

permitted plants to be studied at all stages of growth, as specimens could be collected at different
seasons. This practice spread throughout Europe and by the time of Linnaeus the herbarium

technique was well known. At first, herbaria were mostly privately owned, but the practice of

depositing specimens in established collections and exchanging specimens or selling collections was

a common practice by the eighteenth century.
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Fig. 2.47. Meconopsis x sheldonii; Sherriff
collected one of its parents,M. grandis.

Fig. 2.48. Davidia involucrata, collected by
Wilson.
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Figure 2.49. Present-day plan of RBGE, showing herbarium, labs, offices and glasshouses at the top, the
demonstration garden to the leaft, rock garden to the right and arboretum at the bottom. Inverleith
House, now used for exhibitions, is located to the lower left of centre.

79



The prime function of an herbarium is to support laxonomic research. Lawrence (1951) defines

taxonomy as follows: "It is a science that includes identification, nomenclature and classification of

objects, and is usually restricted to objects of biological origin; when limited to plants, it is often
referred to as systematic botany". The three elements of this definition can be further explained as

follows:

i Identification is the determination of a plant or taxon (such as a species or subspecies) as

being identical with or similar to another and already known element. In some instances,
the plant may be found to be new to science.

ii Nomenclature is concerned with the determination of the correct scientific name of a

known plant according to a nomenclatural system: that is, it may have a handle by which it

can be referred. The naming is regulated by internationally accepted rules laid down by the

International Code for Botanical Nomenclature.

iii Classification is the placing of a plant (or group of plants) in groups or taxa, which are

referred to various categories according to a particular plan or sequence, for example, every

species is classified as a member of a particular genus , every genus belongs to a particular

family, and so on. By arranging the entities which the scientific name represents in various

systematic classifications the other side of the taxonomic botanists work is revealed; the

creation of a taxonomic or botanical system. The advantage of arranging the species in

genera and the genera in families etc is that it allows workers to deduce expected

characteristics of a given taxon (such as a species) from a knowledge of its close relatives.

Taxonomy therefore has a predictive value. The taxonomic structure thus allows one not

only to pick out plants with a similar or related floral or vegetative structure, but also to

associate data on chemical, anatomical, cytological features, uses and habitat tolerance; in
fact the whole of the characteristics associated with any one species. These data are

meaningful only if they can be associated with a name to which others in different

disciplines can relate.

Taxonomy can therefore be seen as the frame or base by which all other plant data can be related
and it is an essential biological science that acts as a pre-cursor to all other biological work;

additionally, it acts as a standardised international language that enables biologists from all countries

to communicate accurately amongst themselves. Without plant and animal taxonomy, genetics and

breeding, conservation, ecology, agriculture and forestry would become difficult or even impossible.
It should be seen as a fundamental science that underpins all other biological sciences.

Different types of herbaria exist depending on their function; in general terms the following can

be identified (Bridson and Forman, 1992 or Turrill 1964):

i General or International Herbaria, these are usually very large and can contain 4 million or

more specimens with a global representation of as near a comprehensive range of taxa as

possible.
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Figure 2.50. George Forrest, from RBGE,
who made seven expeditions to China between
1903 and 1932.

Fig. 2.52. Rhododendron fulvum, introduced by Fig. 2.53. Iris forrestiiy introduced by Forrest.
Forrest.

ii National or Regional Herbaria; geographically these cover the country concerned and

neighbouring or phytogeographically similar areas.

Fig. 2.51. Gentiana sino-ornata,
introduced by Forrest.
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iii Local herbaria; these deal with a region within a country such as a State, County or

District or even a much smaller area such as a nature reserve.

iv Special Herbaria; these are often, but not always small and have limited scope or a special

purpose; there are several types of special herbaria depending on function. They include
historical herbaria such as the Wallich Herbarium at Kew or the De Candolle Herbarium at

Geneva, Herbaria of limited scope such as cryptogamic or forest herbaria, teaching herbaria,

job-related herbaria such as ones containing agricultural weeds or honey-bee plants and

herbaria for special research programmes such as ones for anatomy, cytology or chemical
studies.

While the study of plants from herbarium specimens has many advantages there are also many
situations in which this has to be augmented by study of live plants: this can be carried out in situ but

this too has limitation (such as lack of time), or ex situ, cultivated within botanic gardens.

The advantages of dried herbarium specimens over living material includes their longevity and
the fact that specimens do not die as live plants do and can therefore be used as a comparative
reference source for many years. Other factors are described in detail in Chapter 4.

Another essential element of botanic gardens which focus on taxonomic research are libraries.

Libraries allow written descriptions, techniques of study and illustrations to be kept and accessed
over long periods of time; this is essential for taxonomic work. In many cases research workers have
to refer back to texts written up to 300 - 400 years ago to see how species were originally described.

Additionally it may be necessary to chart name changes for a species through time. Although not

involving the storage of live or preserved plant material a comprehensive and historically rich library
forms a necessary resource for taxonomic research.

While the primary (but certainly not the only) function ofmost government-funded botanic

gardens and the larger university botanic gardens is still taxonomic research and while the

herbarium, live plant collections and library still support this work it is important to understand that

changes in specialisms (eg regions or monographs) and techniques are continually being made. Until

fairly recently the main technical aid of the taxonomist was the microscope; now electron

microscopes are used to study minute differences in structure. Additionally, new techniques such as

cladistics and chemotaxonomy, which are described in Chapter 4, have been developed to further aid

the research worker. Policies have changed too, for instance the production of field floras and

checklists rather than purely academic floras; and taxonomists are beginning to become involved
with issues one stage beyond taxonomy, such as cytology, genetics, conservation biology and

conservation planning.

The role of botanic gardens in research, and the role of the live plant collections in particular, are

described in detail in Chapter 4.

The two lengthy Garden Profiles below (for RBG, Kew No 6, and RBG, Sydney No 7) give an

insight not only into taxonomic research but also into the history, facilities, gardens and activities of
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two famous and well-known government-funded botanic gardens. While the Profiles are indeed long

they can be used to illustrate not only this section of this chapter but also other parts of this historical

chapter and parts of other chapters also. Specific reference to them will be made later in the thesis.

GARDEN PROFILE 6. ROYAL BOTANIC GARDENS, KEW (RBGK)

Kew is, without doubt, the best-known botanic garden in the world. It is neither the biggest nor the
oldest, but it has reached its position as the world leader through the strength of its diverse research
programmes, gardens, glasshouses, library and herbarium. Its position within the capital during a

period of unprecedented colonial expansion and its role in economic botany undoubtedly helped it
towards this pre-eminent position.

Brief History
In 1759, Augusta, Dowager Princess of Wales and mother of George III, began a botanic garden of
about 3.5ha at her estate at Kew. Sir William Chambers designed a number of buildings for her,
including the Orangery, Pagoda and Ruined Arch.

By 1772, George III had inherited both the Kew property and the neighbouring Richmond estate,
which ran along the Thames between Richmond and Kew, and the two were eventually joined
together. During the King's reign. Sir Joseph Banks was the unofficial director of the botanic garden
and sent out numerous young men into the world to bring back plants to Kew (Kew's live plant
collections at this time expanded rapidly during the 'Influence of the Cape', 'North American Trees
and Shrubs', and 'Introductions from New Holland and Oceania' periods mentioned above). Both
Banks and the King died in 1820, and the garden went into a temporary decline.

In 1840, the botanic garden was handed over to the state and, shortly afterwards, was enhanced by a
gift of land from the Royal family which increased it to over 81 ha. The following year Sir William
Hooker was appointed the first official director, and during his time at Kew, the Palm House and the
Temperate House were completed and the Economic Botany Museums, Herbarium and Library were
established. Public enthusiasm for Kew also increased: the annual number of visitors grew from 9000
in 1841 to half amillion in 1865, the year of Sir William's death.

Sir William was succeeded by his son Joseph Hooker (later Sir Joseph), who was already well known
as a plant hunter having sailed to Antarctica, New Zealand and Tasmania (1839-43) and traversed
the slopes of Nepal and Sikkim (1847-51). His principal contribution to Kew was establishing it as a
centre of experimental scientific research by founding the Jodrell Laboratory in 1876. After his
retirement in 1885, the Gardens were expanded and enhanced by his successors, until, today, they
comprise slightly more than 121 ha, and are visited by well over one million people every year.

f
n 1965, Kew took over Wakehurst Place in West Sussex. This estate of 202 ha, with its rich
collection ofmature trees and south Hemisphere plants, is leased from the National Trust for a
'peppercorn' rent. Part of the woodland on the estate has been designated a 'Site of Special Scientific
Interest' (see Case study 6.2), and the Loder Valley Reserve includes three major habitat types and
provides protection for the endangered plants of the Sussex Weald.

Research
While education, recreation and conservation are important policies, it is primarily for plant-based
research (and in particular, for taxonomic research) that Kew receives funding from the Government.
Kew's herbarium is almost certainly the largest and most comprehensive in the world. It contains
some six million specimens of seed plants, ferns and larger fungi, which arrive at a rate of about
45,000 per year. It is rich in all areas of the world but especially in the Tropics; it also contains a
very large number of 'type' specimens. In the herbarium, botanists study plants from all over the
world in order to identify them and to provide methods of helping others to recognise the plants
around them. Its size and historic significance attracts many overseas botanists to study at Kew. The
Jodrell Laboratory is the site for research in plant anatomy, physiology, biochemistry, cytogenetics

Garden Profile 6 continued overleaf
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and molecular biosystematics. Kew was at the forefront of economic botany in the nineteenth
century, in terms of distributing plantation crops. However, the focus of this activity has changed
considerably now; new initiatives include new uses for plants and the development of plants for dry
areas. The Sir Joseph Banks Centre for Economic Botany houses 75,00.plant-derived artifacts that
supports the developing discipline of ethnobotany.

The Gardens
The Gardens and its plants underpin much of the science, education and conservation at Kew and
also provide for recreation and display. Administratively, they are split into four Sections plus
Wakehurst Place. The Alpine and Herbaceous Section maintains the Alpine House, woodland,
aquatic, rock and grass gardens, the 'Herbaceous Ground' and decorative beds such as those in the
Duke's Garden, the Palm House Parterre and the seventeenth-century-style Queen's Garden. The
Arboretum Section contains all the hardy trees and shrubs, including the rose garden, the bamboo
garden and the rhododendron dell. The Temperate Section is responsible for the tender woody
plants grown in the Palm and temperate houses and the Australian and waterlily houses (see below).
The Tropical Section maintains most of the tender herbaceous plants, many of which are displayed
in the Princess of Wales Conservatory (see below) and the Filmy fern House. Wakehurst Place is
used for plants from the wetter parts of the Southern Hemisphere which grow better there because the
rainfall is considerably greater than at Kew, sheltered sites are available and danger from frost is
reduced. Similarly, the moister, cooler conditions there suit temperate Himalayan forest plants such
as rhododendrons. Kew contains many significant glasshouses- three are outstanding and deserve
mention. The Palm House, designed by Decimus Burton with Richard Turner, was constructed
between 1844 and 1848: it covers 2248 sq. m. The Temperate House was also designed by Decimus
Burton. The main block and octagons were constructed between 1860 and 1862 and the wings were
added in 1896-99. When it opened it was the largest glasshouse in the world, covering 4451 sq. m.
The newest glasshouse is the Princess ofWales Conservatory built 1983-85 to replace 26 smaller
houses. Designed to be economic to run and maintain, the glasshouses has many climate regimes and
displays plants in a semi-naturalistic way. It is now Kew's largest glasshouse, covering 4490 sq. m.

Education

Education, using the resources of the living and preserved collections along with the staff is a major
area of policy. Educational activities take place at all levels from adult education and PhD students to
a three year Diploma in Horticulture and classes for primary and secondary school children. There
are also public lectures, short professional courses, exhibitions, interpretation and art galleries.

Conservation

Although few staff are involved with conservation on a full-time basis much of Kew's research and
education benefits conservation directly. Direct approaches include involvement with CITES (see
Chapter 6 for more detail), micropropagation work, the Kew seedbank and the re-introduction of
native orchids. Almost all research activities such as taxonomy, physiology and cytogenetics
contribute significantly to conservation in the long-term as do the huge ex situ collections maintained
by the horticultural staff.

It is fair to say that Kew is involved in almost every area of botanic garden activity and that it could
have been used to illustrate almost all parts of this chapter and this thesis.

See Figures 2.54 - 2.57.
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Fig. 2.54. Princess ofWales Conservatory, RBG Kew, opened in 1987 and housing ten different habitats,

Fig. 2.55. RBG Kew Fig. 2.56. RBG Kew
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Figure 2.57. Plan of present day RBG Kew, showing the princess of wales Conservatory, rock garden
and herbaceous ground to the bottom, right of the plan, Palm House in the centre and temperate house to
the left.

GARDEN PROFILE 7. ROYAL BOTANIC GARDEN SYDNEY

History
In 1788 Governor Philip established a government farm with "9 acres of corn" (wheat) to the east of
Sydney Cove, where a small stream and some alluvial soil gave some promise of results. The fleet
that brought Phillip to Australia to establish a penal colony had brought seeds from England, South
America and South Africa. Thus within the Gardens began the agriculture and horticulture of
Australia. By 1792 the area was called Governor's farm and early governors regarded the area as an
adjunct to Government House. A few years later the farm was moved to another site and the
Government House Garden was maintained as a dwelling-free zone to maintain privacy for the early
Governors. It was this land that eventually became the Botanic Garden in 1816. This ranks Sydney
as the third oldest botanic garden in the Southern Hemisphere, after those of Rio de Janeiro (1808)
and Pamplemousses in Mauritius, and they are a year older than the extensive gardens in Bogor,
Java, Indonesia. Charles Frater was appointed Superintendent of the Botanic Gardens, a title
changed the following year to Colonial Botanist. He travelled widely to collect plants and seeds (for
example to New Zealand, Tasmania, Norfolk Island, Western Australia and Queensland) and
exchanged material extensively with botanic gardens overseas. By 1820 the Gardens were well
established and by 1831 they had been enlarged and reorganised.

Garden Profile 7 continued overleaf

86



The gardens continued to thrive under the management of two brothers Richard and Allan
Cunningham but after this, in the 1840s the gardens declined botanically and horticulturally.
However, Charles Moore was appointed in 1848 and began a 48 year period as Director in which he
slowly laid the foundations, both scientifically and aesthetically, of the garden as it is known today.

The gardens continued to expand its horticultural and scientific work under a number of directors,
but in the 1930s the position of Director was abolished and the administration of the gardens and the
herbarium were separated and as a consequence both declined. The herbarium was treated as little
more than a minor branch of the Department of Agriculture providing identifications and advice on
weeds and tree planting to the rural community, and the garden, bereft of scientific direction, became
merely a pleasant park with a fine collection of plants. It offered no service to education and was
little concerned with the environment, while the thematic meaning of the plantings was eroded, and
labelling became inaccurate and out-of-date. Re-unification was only achieved by Knowles Mair
during his Directorship between 1965 and 1970. Mair was responsible for building up a dedicated
staff who re-established scientific and horticultural standards and the Garden eventually became
'Royal' in 1959. In 1978, after almost 90 years' association with the Department of agriculture, the
Gardens administration was transferred to the Premier's Department. The unity and purpose of the
gardens were clearly re-established in 1980 with the passing by the New South Wales Parliament of
the Royal Botanic Gardens and Domain Trust Act. Meanwhile, the scientific reputation and
productivity of the herbarium had been built up to world standards, and important developments
were taking place in the Gardens.

Research
The National Herbarium of New South Wales is housed within the garden and acts as an important
scientific centre. Here the botanical staff carry out research on the flora of Australia, make ecological
surveys of the plant communities of the state, and provide botanical information to inquirers. The
herbarium has a reference collection of almost one million specimens, used by botanists to help them
classify the many thousands of plant species and study their features. The collections include the
historically important Banks and Solander specimens but the scientific value depends substantially
on modern well-documented collections gathered in field research or environmental surveys. Native
Australian plants make up the largest component, but there are also many naturalised species,
established in Australia from other parts of the world. Another substantial component comes from
other countries and makes it possible to study the overseas relatives of Australian species and to
appreciate the full diversity of each plant group on a world-wide basis. Systematic botanists
employed in the Herbarium study the features of plants and how these vary in the different regions
and habitats in which they grow. Investigations of chromosomes help to determine the relationship
among the species and the genera into which the species are grouped. In research on the chemical
constituents of plants, botanists at the Herbarium co-operate with chemists from other institutions
who undertake the analyses and their biochemical interpretation.

Another major undertaking is a vegetation survey of New South Wales. Ecologists at the herbarium
interpret information from aerial photographs and make field surveys to define and map the varied
plant communities of New South WalesT^/claded environmental surveys are also carried out to
determine whether proposed developments will have significant impacts on vegetation. The general
vegetation mapping programme provides a broad comparative basis as a context for such localised
work, jt also provides a record of the present vegetation as a base-line against which future trends
may be assessed.
Information and Identification Service
An Information and identification is also a major service, the latter service deals with about 1,000
identifications each month. An increasing responsibility is advisory work in ecology. Detailed work
is commonly required to assess the impacts of proposed developments and to report on
environmental aspects of land management. Herbarium ecologists have made surveys of areas
affected by proposed freeway construction. At least as important as their advice on the preferred
route is their advice on steps to minimise environmental damage around the construction area.

Garden Profile 7 continued overleaf
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The Garden
Rich in historical associations, the Gardens today offer the recreational advantages of a city centre
site, a warm-temperate climate, proximity to the harbour, and a high standard of its living plant
collections which are used to support the policies of the institution. The garden cultivates close to
7,000 different living species, varieties, hybrids and cultivars, collected in the wild or exchanged
with botanic gardens and arboreta throughout the world. An active programme of enrichment has
been stepped up and will continue over the next decade. The Garden is rich in native Australian
plants but, considering itself of international status, also maintains many exotic species.

Thematic plantings (Plants, Evolution and Man). In the region of the first farm in the Middle
Garden, a series of special plantings has been developed relating to such themes as Plant
Classification, Plant Growth Forms, and Economic Plants. The term 'Plants, Evolution and Man'
combines an understanding of nature as it is with appreciation of the importance of the plant world
to the whole of life, and to the human species in particular. The Exotic Flowering Plants parts of
Garden include some of the following: herbaceous perennials, flowering trees and shrubs, temperate
deciduous trees, palms, succulents and climbers; Exotic Non-Flowering Plants include conifers,
other gymnosperms and fems; Australian Flowering Plants include mesomorphic (rainforest)
species and scleromorphic species, the latter of which include eucalypts, acacias, the Solander garden
and trees of original vegetation.

Civic and Municipal Gardens

A large number of what might be termed civic or municipal botanic gardens (in other words

funded by Town Councils) were founded in the 19th and 20th centuries - both in Europe, (especially
France, Britain and Italy for example), in British Commonwealth countries (eg Australia) and,

particularly during the early 20th century, in the USA. In many cases it is difficult to establish a

justifiable motif for creating these gardens other than civic pride.

Most of these gardens did not develop major scientific facilities such as programmes in taxonomy

as found in the mainstream gardens mentioned above. However, what most of these civic botanic

gardens did develop was the horticultral aspect - they were botanic gardens in the sense of building

up and maintaining collections of usually well-labelled plants from exchanging seeds with other

botanical gardens throughout the world. Their function was often somewhat limited and, in the

absence of scientific as opposed to horticultural leadership, stored up "seeds of disaster" for the future

(Heywood, 1987). There was soon to be little of a "botanic" nature in many such gardens other than
in name. Similarly in the United States and in Australia the term botanic garden was sometimes

applied to gardens which had no real claim to the title at all: they were often good quality public

gardens with a reasonably wide diversity of plants. This situation continues today, as described in

Chapter 1.2, and gives rise to the problems of defining botanic gardens.

There were however, notable exceptions, such as Missouri Botanical Garden (see Garden Profile

12), which was founded in 1859 and was the first botanic garden in the United States. From the start,

it was a scientific institution. Another exception was the Palmengarten in Frankfurt, Germany, (see
3 5"

Figures 2J8 &2.$9) founded in 1869 and today possessing one of the world's leading orchid and
succulent collections, extensive display houses and an ambitious education programme. Both are

rather atypical of civic or municipal botanic gardens and are not profiled here but contribute to other
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chapters. Garden Profile 8 describes Bath Botanic Garden, a small municipal botanic garden in the
corner of Victoria Park, Bath. Garden Profile 9 highlights a larger and more complex organisation,
Montreal Botanical Garden, to show the diversity of such gardens.

Fig. 2.58. Palmengarten, Frankfurt Fig. 2.59. Inside the glasshouses of
Palmengarten, Frankfurt

GARDEN PROFILE 8. BATH BOTANIC GARDEN

In 1840 a small horticultural garden was started in the north-west corner of the 23ha Royal Victoria
Park (an existing urban park in the Victorian tradition): its aim was to promote and provide further
botanical interest to the park, but, owing to lack of support and financial problems, it had to be
abandoned.

On the death, in 1886, of the local botanist Christopher Edmund Broome, interest was revived when
his wife gifted over 2,000 of his plants to the Royal Victoria Park.

In 1887 John Milburn left the Royal Botanic Gardens, Kew to become Superintendent: Broome's
plants were planted and the garden developed into a l,2ha site. J W Morris, Milburn's Director wrote
"The plantings, with the exception of those arranged to illustrate the British Flora, are distributed in
the Garden according to the requirements of successful culture, and not in systematic order."

In May 1921 the managing committee could no longer economically maintain the park and Botanic
Garden, so the Corporation took over the responsibility for its upkeep and maintenance.

The Garden today is little changed from what it was in the 1920s although the size has increased to
3ha. The main features are a pond and stream, rock garden, herbaceous border, conifers and some
notable deciduous trees. No research, education or conservation is undertaken at the Garden or by its
staff.
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GARDEN PROFILE 9. MONTREAL BOTANICAL GARDEN

Owned by ihe Ville de Montreal, the Botanical Garden was founded in 1931 by Brother Marie-
Victorin (1885-1944). Henry Teuscher, its first curator, drew up is plans and directed the first
huidscaping work.

Policies

Through its various collections the Garden endeavours to develop four major themes: horticulture,
botany, ethnobotany and landscape design.

From a horticultural point of view collections are organised to show ornamental rustic plants, at
least from the Montreal region, original plant displays and little-known horticultural varieties. The
botanical themes aim to demonstrate the diversity of the plant world, various physiographic and
floristic regions in Quebec and other parts of the world and make visitors aware of the need to protect
rare plants or those which are becoming extinct. Collections orientated to ethnobotany are
comprised of plants which have some kind of relationship to man. In these collections, plants
arranged in rows are generally identified with an explanatory label. Lastly, sections such as the
arboretum and ponds are examples of designed landscape and serve as quiet areas for peaceful
walks.

The Garden
The garden occupies and area of 73 ha and contains some 26,000 species and varieties representing
flora from around the world. About 30 specialised gardens and nine exhibition greenhouses display
plants in various arrangements, divided by their habitat, according to a particular theme or
systematic affinities. Examples of these gardens and greenhouses include; the perennial garden,
vegetable test garden, economic plants garden, small fruits garden, annual test garden, monastery
garden, medicinal plant garden, poisenous plant garden, shrub garden, alpinum, children's garden,
shade garden, heath garden and many more. These gardens are considered to offer potential for
educational and cultural experiences.

Cultural and Educational Work
The Montr6al Botanical garden provides horticultural and botanical programmes through its
'Animation' department which is responsible for the diffusion of horticultural information, courses
and children's mini-gardens. The latter allows hundreds of young Mont6alers to discover gardening
under the guidance of specialised staff. Adult education classes are geared to plant enthusiasts
interested in houseplants, ornamental horticulture and vegetable gardening. Horticultural
information is distributed by means of publications, interviews, mail and participation in radio an
TV programmes, the garden also plays host to numerous natural history societies.

Research
In addition to maintaining all the garden areas and glasshouses the Garden also undertakes research.
Among the facilities are the Marie-Victorin herbarium of the University ofMontreal, the Botanical
Garden herbarium, seed collection and two separate but complementary libraries. Research, which is
often undertaken in collaboration with Institute Botanique de l'Universit6 de Montr6al, includes
floristic and plant ecology, taxonomy,improving cultivation, morphology and anatomy.

Social Life of the City
The Botanical Garden is an integral part of Montr6al's urban community. Integrated into the Public
Works Department as the Parks-Botanical Garden module, it has become the city's "green
conscience" and participates in the daily life of its citizens as it contributes to beautification and
transformation of their neighbourhoods. In addition the Garden advises City Hall on all questions
relating to urban forests and green spaces.

Fig. 2.60 shows the present-day plan ofMontreal Botanical Garden.
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Figure 2.60. Plan ofMontreal Botanical Garden. The entrance and administrative buildings are at the
bottom right, formal, demonstration gardens at the centre and right, bottom, rock garden right of center
and arboretum to the left,

Special Kinds of Botanic Garden

In addition to the main kinds of botanic garden described above, others of a more specialised
nature have been developed. Examples are the Agro-Botanical Gardens, especially those in Europe,

which specialise in the cultivation of, and research on, agricultural or horticultural plant species and
their allies, often as parts of University or State Agricultural Institutes, Departments or Experimental
Stations. Similar Agro-Horticultural Botanical Gardens and park gardens were founded in India in
the 19th century such as those in Bombay, Madras, Ootacamund and Alipore (see Garden Profile 10,

below). The commercial nature of their work predetermined the range of species cultivated although
most are now indistinguishable from other types of botanic garden,

Germplasm collection gardens and experimental station gardens have been created in Java. These

are not usually open to the public. A good example is that at Paseh in West Java, which is arranged
like a botanic garden and includes amongst its functions, ex situ conservation of fruit trees, seed

stock gardens and recreation,

Several botanic gardens specialising in tropical economic plants have been established in China
in recent years, An example is the Hainan Botanical Garden of Tropical Economic Plants, whose

goal is to introduce and collect tropical and subtropical economic plants of the world so as to enrich

China's national plant resources. Others include the south China Botanical Garden at Guangzhou,
the Xishuangbanna Botanical garden of Tropical Plants and the Xiamen Botanic garden.
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GARDEN PROFILE 10. AGRI-HORTICULTURAL SOCIETY GARDENS AND PARK
GARDENS IN INDIA

The 17th century witnessed the so-called agrarian revolution in Britain in which improved
agricultural mechanisation and techniques of cultivation draminatically improved productivity. Since
India was a predominantly agricultural country but with primitive techniques for tilling and
cultivating the land, the then East India Company as representitives of the British Government
wanted to improve Indian agriculture by supplying information, high quality seeds, and modern tools
to farmers who were mostly uneducated and understandably ignorant of modem technology. This led
to the establishment of the Royal Agri-Horticultural Society, under the initiation of William Carey,
by a group of enthusiasts, during the early part of the 19th century. The primary objective of the
society was to improve agriculture and horticulture in India. Due to the activities of the Royal ,agri-
Horticultural Society, botanic gardens with a bias towards agriculture and horticulture were

developed. The gardens at Bombay and Madras, which were under the supervision of J. Graham and
R. Wight, respectively, and the gardens at Ootacamund, Bangalore and Alipore (Calcutta) are such
examples. The gardens at Lucknow (now the National Botanic Garden) and Darjeeling (Now the
Lloyd Botanic Garden) also became botanic gardens under the influence of the Royal Agri-
Horticultural Society.

The Indian Forest Service had come into existence during the second-half of the 19th century, under
the direction of Lord Dalhousie, with the aims of safeguarding the supplies of the timber teak, that
later on extended to other trees for fuel, conserving water and soil, and the study of plants of forest
value. Under the leadership of such names as Brandis, Cleghom, Schlich and Gamble, the Indian
Forest Service stimulated the development of park gardens with the emphasis on the introduction of
trees of forest value, and the development of arboreta. The landscape gardens, such as Rashtrapati
Bhavan Garden, Buddha Jayanti Park, and Roshanara Garden in Delhi are examples of such park
gardens and show a blend ofMughal and European styles.

Mention has already been made of medicinal plant gardens. Modem versions of these are found

in various parts of the world. Their main aim as the name implies is the collection and cultivation of

medicinal plants and the dissemination of knowledge about them to the public, usually in association
with research laboratories or associations. Examples include the Drug Plant Gardens, Seattle (USA),

M
and in Japan the five Experimental Stations of medicinal Plants maintained by the National Institute
of Hygienic Sciences (see also the mention of Japan's botanic gardens in the section 'Post war

developments', below). The Botanical Garden ofMedicinal Plants NPO VILR (Moscow) which is

one of the largest gardens in the world was founded in 1954. The Division of screening is engaged in
introduction and biological observation onmedicinal plants in search of new medicinal

phytopreparations. As a result of the screening, examples of plants which are now used in the

pharmaceutical industry include: Aloe arborescens, Aralia mandshurica, Ammi visnaga, A majus,

Astragalus dasyanthus, Inula helenium, Cassia acutifolia and Kalanchoe pinnata to name but a few

(Rabinovich, 1990).

Much has been written recently about the importance of medicinal plants and consequently of
medicinal plant gardens. However, special mention should be made of Guidelines on the

Conservation ofMedicinal Plants (WHO, IUCN, WWF, 1993) in which the important role of
botanic gardens is mentioned frequently.

92



GARDEN PROFILE 11. GUANGXI BOTANICAL GARDEN OF MEDICINAL PLANTS

Guangxi Botanical Garden Of Medicinal Plants is located in the eastern suburbs of Nanning, 8 kin
from the city centre. It was established in 1959 under the name of Specimen Garden of the Guangxi
Research Institute of materia Medica. In 1970, its name was changed again and its present name was

finally established in 1981.
The main tasks of the garden are to: collect local wild medicinal plants; introduce and acclimatise
medicinal plants (or animals) from other provinces or abroad; spread information and promote the
utilization of Chinese traditional herbal medicine; and provide experimental facilities for scientific
research and education in medicine.
In the garden there are six sections, namely: the cultivation centre, herbarium, garden section, seeds
section, information centre, animals section, and seven exhibition districts devoted respectively to
endemic drugs in Guangxi, the curative effects of medicines, woody medicinal plants, herbaceous
medicinal plants, shademedicinal plants, climbing medicinal plants, and medicinal animals.
The garden has collected more than 2,130 species of medicinal plants and animals in the past 20
years. Following the development of China's medical service, a special effort will be made to build
the garden into one with beautiful scenery, scientific content and local features so as to cater to the
needs of scientific research and education.

Not surprisingly a number of specialist orchid gardens have been created in various countries,

especially although not exclusively in the tropics. These specialise in the cultivation and propagation
of orchids, often with commercial exploitation a major consideration. Examples include the Orchid
Research and Development Centre at Tipi (Arunachal Pradesh, India), which maintains an orchid

sanctuary for in situ conservation at Sessa and two ex situ substations for cultivation of germplasm;
and also in India the National Orchidarium and Experimental Garden of the Botanical Survey of
India Eastern Circle at Shillong. The Wheeler Orchid Collection and Species Bank at Bell State

University, Indiana (USA) maintains 3,000 orchid species in cultivation, including 150 which are

rare or endangered in nature as well as several which are probably now extinct in the wild.

(Heywood, 1983).

There are also specialist gardens for the cultivation of many other groups of plants such as

bamboos (for example the Fuji Bamboo Garden, see table 2.1, below), rhododendrons, grevilleas,

palms (for example the Fairchild Tropical Garden), native plants and so on. Emphasis on the
cultivation of native plants has been pioneered by gardens such as the Rancho Santa Ana Garden at

Claremont, California and this theme has been taken up by several gardens which are primarily

interested in conservation. Examples are the Conservatoires of Brest, Porquerolles and Nancy in

France, which form an Association of Conservatoires of Plant Species in association with the

Museum National d'Histoire Naturelle, Paris, charged with the cultivation and preservation of

endangered species of particular species; the Jardin Botartico Viera y Clavijo, Tafira Alta, Gran
Canaria which specialises in the cultivation, propagation and protection of endemic species of the
Macaronesian area (Bramwell, 1981); the National Botanic Garden, Lae (Papua New Guinea) which

concentrates on the cultivation and preservation of native plants; and the Vumba Botanical Reserve
and Botanical garden, Zimbabwe whose aim is to preserve, protect, cultivate and propagate

indigenous plants of Zimbabwe, especially those that are endangered.
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Changes in the late nineteenth and early twentieth centuries

In the 18th and 19th centuries both the numbers and the diversity of botanic garden collections

developed very considerably but their public and scientific roles often developed in separate ways.

The public, visiting them in increasing numbers, viewed what was put on show uncritically on the

whole, with the gardens making few concessions to public education other than the provision of
labels with minimal information (which were probably aimed more at students than at the general

public). The educational role of botanic gardens was slow to develop and is very much a

phenomenon of recent decades.

The expansion of the collections themselves was stimulated by generalised pretensions of

building up comprehensive samples of plant diversity for general scientific study, rather than in

response to a clearly articulated policy. Often, too, any collections policy was determined by the

individual interests of those in day-to-day charge of the gardens, often not the Director, and with

changing interests and fashions it proved difficult to dispose of material acquired in response to

earlier interests.

Some botanic gardens focussed their attention on the plants of their local or national flora and

provided material in cultivation that could be used by staff associated with the garden for various
kinds of scientific research. This was, however, the exception, especially in European botanic

gardens.

In the west, during the period of industrial expansion, many botanic gardens were able to expand

and build very substantial and expensive glasshouses and conservatories, derived from the simple

orangeries of earlier centuries. Even tropical botanic gardens felt the necessity to provide what for
them must have been somewhat superfluous constructions, and today the public tend to expect a

botanic garden to contain facilities that were often built purely for display purposes.

The scientific role of botanic gardens underwent a major change in the 19th and 20th centuries,

but this was in respect of the associated facilities such as herbaria, libraries and laboratories that had

been built up in their associated institutions or within the gardens themselves (Raven 1981), as a

consequence of the floristic exploration ofmany parts of the world. This exploration had gathered

momentum as a result of the expeditions that many of the gardens or their parent institutions had

sponsored. As a consequence there was a shift away from the formerly dominant living collections to

the herbarium collections, and staff were employed to work on these, leading to the series of Floras,

monographs and other publications that emanated from herbaria. In many cases today, it is the
herbaria and similar facilities by which the scientific reputation of a botanic garden is judged, not its

living collections, which are often neglected or even ignored by the scientific staff. Thus many
botanic gardens are suffering from a crise d'identite and one has in fact changed its title from botanic

garden to botanical research institute.

The decline ofmany tropical botanic gardens, in particular, comes at a time when new and

important roles have been proposed for them and it is to be hoped that in the coming years there will
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be a revival in their fortunes. After the loss of a major economic role, tropical gardens that had
associated herbaria focussed their attention increasingly on taxonomic and floristic studies. The

gardens themselves have become little more than beautifully maintained public parks and even in
some cases transferred to parks administration. Some have even been viewed as ripe for urban

development. It is unfortunate that the distinction between botanic gardens and public parks is not

generally understood by the public and often not, it would seem, by politicians. Even the taxonomic

activity in some tropical gardens is becoming difficult to maintain. One example of this is Singapore

where, at a recent symposium on botanic gardens in the tropics, held at Penang, Dr Wee noted

laconically that "currently taxonomic research is in abeyance at Singapore botanic garden"

(Heywood, 1987).

Post War Developments

The years following the Second World War was a period of rapid change and adjustment for

many botanic gardens. For India and many countries in Africa it saw the beginning of the end of

colonial rule and in many cases this went hand-in-hand with the demise of the colonial botanic

gardens and their role in economic botany. Advances in science and technology also saw the gradual

isolation of botanic gardens from universities. In many cases botanic gardens did not keep pace with

changes in science, agriculture, landscape design or recreation provision and in retrospect it can be

seen now that many became 'fossilised'.

In contradiction to the statements above, though, it was also a period of change and development

for other botanic gardens. Nakamura (1991), for instance states that after the end of the war in 1945,

Japan entered into a new era in whichfoiany new botanic gardens were established (see Table 2.1).
Whereas there had been less than ten botanic gardens in Japan before the War, 120 gardens are now

numbeed as members of the Japan Association of Botanical Gardens: and he quotes that Japan is

now one of the most "botanical gardened countries" in the world! Many types of garden have been

founded to serve all sorts of function but they can broadly be categorized in to three types:

i Botanical parks, mainly funded by local governments where many plants are collected and

display mostly for recreational purposes,
-4

ii The second type has come about because of the rapid economic growth japan has enjoyed
since the War. As a consequence, a number of private companies have founded commercial

botanic gardens (although profit-making is not the sole purpose). The common feature in
these gardens is the owner's personal interest in botany, and in order to increase the number

of visitors, the gardens are very active in collecting rare and spectacular species,

iii the third type are medicinal herbal gardens (which are mentioned in more detail in 'Special

types of botanic garden, above). A Faculty of pharmacology in a university can be directed

by the Ministry of Education to have this type of garden for research and education

purposes. In addition, medical companies have their own gardens for research and

development of new medicines, some of which are upgraded to a Medical Herbal garden.
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These gardens are however used exclusively for their own research, and are therefore not

open to the public.
r

From this list of categories it appears that there has been a tendency for Japanese gardens to

specialise and not to duplicate functions as is common^with many botanic gardens in

Europe.

Year Botanic Garden

1948 Fujisawa Enoshima Botanical Garden

1949 The Institute for nature Study, National Science Museum, Tokyo

1950 The Botanical Garden of Osaka City University
1951 Fuji Bamboo Garden

1953 Handayama Botanical Garden

1954 Sendai Municipal Wild Plants Garden
Drug Plants Garden, College of Science & Technology, Nihon University

1955 Hakone Kowakien Tropical Garden

1958 Kochi Prefectural Makino Botanical Garden
Botanical Garden, Tohoku University
Atagawa Tropical & Alligator Garden

1959 Izu Natural History Park (Izu Cactus Park)

1961 Tokyo Metropolitan Jindai Botanical Park
Nodai Botanical Garden, Tokyo Univ of Agriculture

1962 Ofunda Botanical Garden
Arboretum of Ishikawa-ken Forest Experimental Station

1964 Yomiuri Land Botanical Garden
Medicinal Plant Garden of Showa University

1965 Kobe Woman's College of Pharmaceutical Sciences, Medicinal Plant Garden
Medicinal Plant Garden, School of Pharmaceutical Sciences, Kitasato University
Medicinal Plant Garden Annexed to the Faculty of Pharmaceutical Sciences,
Tokushima University

Table 2.1. Botanic gardens created in Japan in the twenty years since the end of the Second World War.

The same pattern of development can be seen in China although it was a bit slower. Before 1950

there were only about four botanic garden. The first high peak of development came in the 1950s and
the number was increased to 22 in 1960. In the following twenty years the number increased further,

to 47 and in 1990 the number stood at least 104. The factors for the first peak were the development
of the national economy and the progress of botany after the founding of the national development

plan of sciences and the attention on botanic gardens given by the Chinese Academy of jsciences. The
second peak of the development was caused, first, by the spirit of reform and opening of the time in

^kidv
China, and secondvperhaps^f is still more important, the recognising of the importance of
maintaining a better environment and sustainable use of resources, and, third, the necessity of the

development of cultural progress. Botanical garden is the kind of "hardware" of the cultural process.
Of course, the drastic increment of the botanic gardens during the last decade includes those plant
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collections tliat hpVe built up long ago but renamed or restored as botanical gardens recently (He,

1991).

Public education in botanic gardens- a role for all gardens

Fig. 2.61. World of Plants project for
secondary school children, RBGE.

Fig. 2.40. Guided tour, Peradeniya

While botanic gardens, from the very first one in Pisa, have been involved in education in the

widest sense (research and teaching) it is only relatively recently that public education, to broaden

the public's understanding of the environment and the importance of plants to humanity, has been

regarded as amajor function. It is true that many gardens contained museums of timber specimens or

plant artifacts arranged neatly in display cases for the public to view, but public education was

seldom, if ever, stated as amajor function. In recent re-definitions of their policies most of the long-
established botanic gardens have incorporated education as one of their main functions while most of

the new botanic gardens have been deeply involved with education from the start: this aspect of their
work being stated as one of the main reasons for their foundation. In North America, for instance,
where many of the recent botanic gardens have been created there is usually a strong emphasis on

education and gardening, and extensive programmes of educational activities and strong support

offered by a society of friends.

The Botanic Gardens Conservation Strategy (IUCN/BGCS, 1989), (which is described in more

detail in Chapter 6) emphasises the unique opportunity botanic gardens offer for the education of a
vast public. Worldwide the 1500 botanic gardens are visited by more than 150 million people
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annually. Four botanic gardens, Sydney, Budapest, Heng-chun (Taiwan) and Kew, receive a total of
some 7,500,000 visitors every year. In public relations terms this represents a very impressive "target
audience" and the potential for education and, in particular, expanding awareness of conservation
issues is enormous.

Approaches to botanic garden education are as diverse as the gardens themselves but some broad

aims, reflecting the objectives of the World Conservation Strategy (IUCN, 1980), are:

i to demonstrate the wealth and diversity of the Plant Kingdom, and especially vascular

plants - ferns, conifers and flowering plants;

ii to explore the intricate relationships of the environment, and thus illustrate some of the
links which form the web of life;

iii to show the importance of plants in maintaining human survival and lifestyles, including

providing energy, food, clothing, shelter and protecting the environment;

iv to present the major threats facing the world's flora, to explain the probable consequences

of plant extinction and genetic erosion and to provide, where available, examples of
successful attempts to arrest or reverse this process.

Edwards (1991) sees these as relatively "hard" scientific objectives which are fairly easy to define.

"Softer", but equally important educational objectives include an attempt to enhance visitors'

aesthetic, or even spiritual, appreciation of plants. This is not separate from the objectives listed
above but intimately tied to each. Smith (1990) states that".. environmental education is more than

information accumulation ... from a combination of emotional response and conceptual grasp, we can

expect the development of a pattern of thoughtful action which will persist throughout life".

Educational programmes offered by botanic gardens can be specific or diverse: ranging from

lecture series and demonstrations on selected topics to broader goals such as improving the public's

understanding of the environment and man's role in maintaining it. Sometimes programmes are

specific to a local situation, for instance the conservation of the Canarian flora described by

Valdivielso (1985) in more detail in Chapter 5.

The botanic gardens in South Africa have been taking education seriously for a number of years.
Indeed as early as in 1923 the Department of Education of the Cape Provincial Administration
seconded a teacher to Kirstenbosch Botanic Garden and classes were given to primary school

children (Eloff, 1985). In South Africa there are several types of botanic Garden. The National

Botanic Gardens is an autonomous state-supported organisation with a head office at Kirstenbosch
and with seven regional gardens situated throughout the country. There are also botanic gardens
which are totally supported by the state such as the botanic garden of the Botanic Research Institute,

several university botanic gardens and a number of botanic gardens associated with cities such as

Durban and Johannesberg. In addition, many small towns have wildflower gardens which play an

important nature conservation role. The educational function of all these gardens especially in the
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context of nature conservation is of primary importance and formal education, non-formal education
and informal education are all catered for.

In the mid 1970s the Royal Botanic Garden, Edinburgh introduced its Interlink programmes, a
collaborative educational venture aimed at primary school children, linking the Royal Botanic

Garden with the Royal Scottish Museum and Edinburgh Zoo. This was seen by many as an

innovative approach as the valuable and unique resources of the botanic garden could be further

enhanced by co-operation with other organisations which complimented one another and the concept

has been studied by many other botanic gardens. A recent "Up the Amazon" project, for example,
included visits to Edinburgh Butterfly Farm as well as the institutions listed above. In visiting all

four institutions classes were able to get a very broad perspective on the tropical rainforest, including

plant and animal life, exploration, indigenous culture and conservation. Follow-up work in the

classroom demonstrated how effectively the children had been able to weave together what they had

learnt from the different places to gain an individual insight into what a tropical forest is, how it
works and what it feels like to live there. Having experienced these aspects of rainforest life first
hand the children were moved by threats to the ecosystem and more receptive to practical suggestions
for changes in their lifestyle (Edwards, 1991). An approach such as this is based on the importance
of direct observation rather than professionally made, but somewhat detatched, second hand images
offered by video and the media.

As the public demand for more education and interpretation increases, threats to the environment

escalate and the dependence of humankind on plants is realised so botanic gardens have taken their

educational role more seriously. Public education in botanic gardens has come a long way since the

typical display case type of exhibition mounted by Victorian and Edwardian museums. Role-playing,

hands-on (as well as nose and tongues-on) experiences, multi-cultural learning, earth-shrinking

approaches and cultural ecology are all examples of educational approaches taking place in botanic

gardens today. Additionally it is important to note that botanic garden educators are now attempting

to tie in their work with school programmes rather than working in isolation. Notice is taken of
cuncula changes such as a move away from subject based learning to cross-curricular or topic based

learning. Additionally botanic gardens are finding ways of helping teachers so that they are more

able to interpret the gardens for their classes; examples include teacher information packs and

teacher workshops. Add to this the plethora of booklets, leaflets, public lectures, guided walks, audio-

tours, labelled plants and gardening classes and it is not surprising to learn that education has been

the major growth area within botanic gardens since the mid 1970s.

While all this progress has been taking place it is perhaps surprising to note that the appearance

or look of the gardens in this respect have changed little. While some gardens have notice boards

interpreting aspects of the collections and many gardens contain 'demonstration gardens' it is still
rare to find botanic garden educators influencing designs and layouts within the garden significantly.
To date most of the activity has been within classrooms or exhibition halls or use has been made of
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existing plantings and glasshouse space; it may be that the next stage will see educators collaborating
with garden staff to create multi-functional garden areas.

Garden Profile 12 charts the history and development of Missouri Botanical Garden, arguably the

second 'best' (in terms of research, fame, staff numbers and operational scale) botanic garden after

Kew. Missouri could just as well have been described under the taxonomic research section for it is
one of the premier gardens in this respect. However, its education programmes are extensive and

diverse and merit mention here. Reference to this garden profile is made in other chapters of the
thesis.

The role of botanic gardens in education, and the role of the live plant collections in particular,
are described in detail in Chapter 5.

GARDEN PROFILE 12. MISSOURI BOTANICAL GARDEN

Early history
In 1819, Henry Shaw arrived in St Louis from England. He set up business selling imported
hardware and cutlery and he also speculated in real estate. By the time he closed his mercantile trade
at the age of 40, Shaw was wealthy. His estate was valued at a quarter of a million dollars and in
1849 he built two houses, one in the city, the other in the country. Having done this Shaw, a lifelong
bachelor, travelled extensively throughout Europe and Britain. Following a visit to Chatsworth in
1851 he conceived the idea of building a botanical garden at his property in the country.

Shaw greatly admired the RBG, Kew (see Garden Profile 6) and as early as 1856 had turned to its
Director for advice. Sir William Jackson Hooker had urged Shaw to seek the help ofDr George
Engelmann. A German-bom physician and botanist, Engelmann had lived in St. Louis since 1835.
Even before Hooker's recommendation, Dr Englemann had written to America's premier botanist Dr
Asa Gray, at Harvard, about Shaw. Gray, Hooker and Englemann were to serve Shaw well. For
example, on a visit to Germany in 1857, Englemann purchased the important herbarium from the
estate of Johann Bernhardi for Shaw. The Bernhardi collection of 62,000 specimens formed the basis
of the Garden's herbarium, which contains today more than 3.5 million dried specimens.

By 1857 walls and gates were appearing around the 4 ha garden. By 1858 several small glasshouses
had been built and a Museum Building commissioned. By 1859 the Museum, which resembled some
of Kew's buildings, had been completed, as was a lavish series of patterned gardens; the Missouri
Botanical garden was formally opened in June 1859. During the 30 years before his death in 1889,
Shaw expanded and enhanced the gardens and collections.

Start of research
Four years before he died, Shaw established a school of botany at Washington University. Asa Gray
recommended Dr William Trelease, a recent Harvard graduate to head the new school. Trelease
became the first Englemarm Professor of Botany, occupying a chair named for Englemarm, who had
died in 1884.

Upon his death Shaw willed his Garden to a board of Trustees, who selected Trelease as Director of
the Garden. Trelease not only developed the horticultural displays, but also established an active
scientific programme at the Garden. In 1891, the first scientific papers were published. A year later,
the donation of the Sturtevant collection of more than 1,000 botanical books strengthened the library.

Garden Profile 12 continued overleaf
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Arboretum
In 1926 the garden acquired a site 35 miles from St Louis in which to re-establish the garden as the
pollution in the city had become so severe that plants were not flourishing. However, as the pollution
levels abated the idea was abandoned but the arboretum established there now extends to more than
1,000 ha including more than one hundred hectares of landscaped plantings.

The garden continued to be served by a number of able Directors but mentioned' should, perhaps, be
made of Dr Frits Went. UnderWent's Directorship the climatron (see Figure 2.63) was constructed to
replace the palm House, which was nearly 50 years old by then and beyond repair. The climatron is a
Buckminster Fuller geodesic dome and was voted one of the 100 most significant buildings of the
20th century by the American Institute of Architects. Dr David j^ates, the next Director, expanded the
garden's research programme and helped solidify community support for the Garden. He was the
force behind the construction of a new building for the library and herbarium.

Recent progress
Dr Peter Raven, the current Director, was appointed in 1971. Raven turned attention to the gardens
with a master plan developed by Environmental Planning andqesign in Pennsylvania, a rare
example of botanic gardens using professional designers. Included in the master plan were the 14
acre Japanese garden, completed in 1977, and the Ridgeway Centre, completed in 1982 to house
facilities for classes and other visitor services. During Raven's time, the garden's base of support has
been expanded by increasing membership, volunteers and educational programmes. The financial
future of the garden was strengthened in 1983 when voters of St Louis City and county agreed to
support the garden, in part, with money from property taxes. In response, entry fees were lowered to
make the garden and its resources available to a wider community. Displays were expanded with the
addition of the English Woodland Garden, Rose gardens, conifer collections, and rock,
rhododendron, iris, bulb, maze and home gardens. The Garden consists of a series of'rooms', each
with its own special role in the overall design. The separate gardens reflect periods of history and
evolving theories of garden design. Some gardens have historical significance; others display
collections of related plants.

Education programmes

Interest in the magnificent gardens on display often leads visitors to seek more horticultural
information through the garden's education programme (sec also Case study 5.x). They often come to
learn what plants will grow in Missouri's climate, or about garden history or gardens of the world.
They learn the particular significance of the rainforests where the garden's botanists collect
specimens against the clock of deforestation- from Central America to Madagascar. In order to meet
and expand what is perceived to be a major policy of the Gardens an ambitious educational
programme has evolved. While many botanic gardens have extensive education programmes it is
probably true to say that Missouri's is the most comprehensive and employs the largest number of
staff. The staffing structure shown below shows the scale of the operation.

Climatron

Education Division: Organizational Chart
DIRECTOR

Office Support

School Programs, Outreach, Litzsinger Rd. Ecology
Division Administration Centre

Multicultural
Education
"ECO-ACT

-Magnet Schools
-Partnership
Catholic Schools Prog.
-Harris Stowe State

-College Internship
-Gatewy High Sch. Intern

-School Programs, Tours, Classes, — Site Operation
-Tour Guide & Instructor Training — ECO-Inquiry
- Division Administration — Ecology Camp
-Soule Senior Centre

-Special Projects, ECO-Carts,
-Product cards, MBG Videos
- Education Greenhouse

Environmental Education
Classes
-Pitzman Nature Study
■Henry Shaw Academy.
■Stream Ecology

u
.1

U

Garden Profile 12 continued overleaf
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•Henry Shaw Explorers
Field Ecology & Outdoor
Education

t Tours & ClassesEarthkeeper
Educational Resources

kStrupp Teacher Res. Ctr.
1 Y Suitcase Science
Centre for Home Gardening Garden Explorer

t Adult educationAnswer Service, Master Gardeners

Teacher Training
-Ecology for Teachers
Saturday Science Sems.
Aquatic Biology/EPA
-Field Methods W/shop
ECO- Inquiry Training

Fig, 2,63. Buckminster Fuller's Climatron, Missouri Botanical Gardens

Figure 2.64, Plan ofMissouri Botanical Gardens. The entrance and visitor services are on the right with
formal gardens infront, the Climatron is the circular structure, numbered 15, the herbarium Is on the
left and the Japanese Garden is focused on the water feature at the top left.
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Fig. 2.42. Missouri Botanical gardens:
conservatories.

Fig. 2.43. Missouri Botanic Gardens;
ornamental gardens.

Conservation and biodiversity studies are the 'in* subjects for botanic gardens today, although

education, taxonomic research and display are still of enormous and continuing importance.

However, while the pursuits of the former two policies have not yet altered the species numbers and

diversity within botanic gardens dramatically, the continuing introduction of live plants from many

parts of the world to botanic gardens to support research in the first instance and secondly for display
has continued to affect live plant collections. RBGE, for instance, accessions about 4,000 taxa per

year which are brought into the garden primarily as a result of plant expeditions to support

taxonomic work (see later for examples and further description).

While botanic gardens have been slow to realise their importance in plant conservation this

aspect of botanic garden work is increasing rapidly now as is evidenced by the huge amount of

literature being produced (some of which is reviewed at the start of Chapter 6), The foundation of
Botanic Garden Conservation International in 1987 and the subsequent Botanic Gardens
Conservation Strategy, produced in 1989, allied to work emanating from organisations such as the

International Plant Genetics Resource Institute (IPGRI), the Centre for Plant Conservation (CPC)

and the American Association of Botanic Gardens and Arboreta (AABGA), has given this work an

enormous boost to the extent that almost every botanic garden now lists plant conservation as one of
its aims. However, defining the exact role that a botanic garden should play in plant conservation is

not necessarily that easy and most gardens are still evolving their strategies. The role of botanic

gardens in conservation, and the role of the live plant collections in particular, are described in detail
in Chapter 6.
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Biodiversity, which is also mentioned in Chapter 6, albeit rather briefly, has only really been

recognised as a concept since about 1980. Since then, however the quantity of work has been vast.

For many people the Rio Earth Summit in 1992 was the first occasion where biodiversity reached the

political arena and the consequences of that United Nations conference for biodiversity work in all

sectors, including botanic gardens, has been very great. In Britain, Biodiversity, the UK Action Plan

(Anon, 1994), Biodiversity Challenge (RSPB, 1994) and the British-based international journal

Biodiversity and Conservation, each of which mentions botanic gardens frequently, have been

recent, and important, publications. Additionally, the publication in 1995 of Centres ofPlant

Diversity: A Guide and Strategyfor their Conservation (Davis, Heywood and Hamilton, 1994) and
the forthcoming titles Global Biodiversity Assessment edited by Heywood and the Biodiversity

Assessment Manual edited by Jermy, not to mention numerous university-based research projects,

gives testament to the rapidly increasing necessity (or popularity) for research in this field. Botanic

gardens, which in their preserved and living collections hold an enormous amount of biodiversity
data on plants, and in their staff hold techniques and capabilities needed by biodiversity research, are

poised to make significant contributions to this work. Parts of Chapters 6 and 7 also show that the

genetic diversity, at species and sub-specific level, of living collections is also becoming a very

important issue and one that is likely to alter the 'look' of live plant collections in the future.

However, despite the recent proliferation of activity devoted to topics such as education,

conservation and biodiversity it is still the combination ofmicroclimate and 'institution interest'

(defined below) that usually determines the range and diversity of plants held in the living
collections of botanic gardens.

The nature of botanic garden work, in its broadest sense, predetermines that staff will attempt to

grow a wide range of material including species that are on the extreme edge of their survival

capability (in terms of hardiness, for example). In Scotland, for instance, Logan Botanic Garden

attempts to grow southern hemisphere and Mediterranean plants even though it would appear

illogical to do so. In this somewhat idiosyncratic way microclimate exerts an enormous influence on

the live plant collections in botanic gardens that can be as powerful an argument for growing certain

plants as any predetermined policy.

'Institutional interest' was used two paragraphs above to indicate more than just research

interests. While floristic and monographic research normally dictates that live plant collections
contain a bias towards plants of certain geographic regions or certain families it is not only research
that can have this affect, but other institutional interests also. Historic factors, or the interests of

individual garden staff can exert this influence also.

As an example of the way in which taxonomic research has an influence on live plant collections
Tables 2.2-2.4 show selected statistics from RBGE's live plant collections. They show that recent

expeditions to collect herbarium specimens and live plant collections for taxonomic research have
had a significant influence on the collections. RBGE's main regions of interest include China, the

Himalayas, SE Asia, SW Asia and S Africa, while recent monographic interests have included
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Ericaceae, Orchidaceae, Compositae, Gesneriaceae, Pinaceae and other conifers, and Berberidaceae.

While most of these 'new' plants tend to be planted rather randomly around the garden making it
difficult for anyone but an enthusiast to notice changes in the garden flora, the recently designed

Dawson International Chinese Garden is an exception. The Garden attempts to bring together many

of the plants collected in China during the last ten years into a specially designed area were they can

be displayed and interpreted not only for the public but for research, education and conservation uses

also. This garden shows very clearly the link between politics (ie China reopening its frontiers to

plant collectors), policies (taxonomic research in this case) and the resultant garden flora.

Collector/Expedition Dates Main geographic areas Accessions

Living Total*

Chungtien, Lijiang & 1990 Western China 1,026 1,120
Dali Expedition
G. Argent 1970- Southeast Asia, Ecuador 510 679
R.J.D. McBeath 1970s- Himalayas 453 678
C.N. Page 1970's- Japan, Taiwan, Samoa, New 388 543

Caledonia, New Zealand, N.
America

RBGE Taiwan 1993 Taiwan 112 500

Expedition
Kunming/Edinburgh/ 1993 Northwestern Yunnan 69 480

Gothenberg Expedtn.
RBGE Makalu Expedtn. 1991 Nepal 199 424
G. Forrest 1904-32 China, Tibet 380 412
M.F. Gardner & 1979-93 Chile, Mexico, southern Europe 334 399
S.G.Knees

Kew/Edinburgh 19B9 Himalayas 325 392

Kanchenjunga Expedtn
J.F. Rock 1923-30 China, Tibet 269 285
F. Kingdon-Ward 1909-32 Southwestern China, Tibet, Burma 223 237
E.H. Wilson 1899-1911 Central & western China 184 192

Table 2.2. Recent RBGE collecting expeditions and collectors, as well as a selection of historical
collectors.

Note: * "Total" accessions include accessions that are found on the grounds, under glass, and in the propagation facilities (these
constitute "living accessions" as well as accessions that have either died or that are held in the quarantine facilities or the seed/spore
banks.

Family World genera World Species RBGE accessions
Ericaceae 125 3,500 4,417
Orchidaceae 800-1,000 25,000-35,000 2,511
Rosaceae 100 3,00 1,618
Compositae 1,100-1,509 20,000 1,126
Iridaceae 80 1,500 951
Ranunculaceae 50 2,000 787
Liliaceae 11 456 1,139
Primulaceae 30 1,000 841

Scrophulariaceae 190 4,000 575
Crassulaceae 25 900 574

Saxifragaceae 40 700 593

Leguminosae 590 12,000-14,200 559
Labiatae 200 3,200 471
Pinaceae 12 250 1,270
Cactaceae 100-200 1,000-2,000 392

Amaryllidaceae 65 700 511

Table 2.3 continued overleaf
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Gesneriaceae 120 2,500 486

Caprifoliaceae 15 400 385
Berberidaceae 13 650 354

Campanulaceae 70 2,000 295

Table 2.3. Best represented families in RBGE's live plant collection.

Country Native taxa RBGE Accessions

Living Total*
China 32.200 3,904 5,137
USA 19,473 1,847 2,646
Nepal 6,973 1,172 1,172
S Africa 23,420 505 865
former USSR 22,281 478 862

Spain 5,050 767 1,159
Japan 5,565 798 1,099
Australia 15,638 577 821

Turkey 8,650 617 823
Chile 5,292 828 1,218
Bhutan 4,468 837 948
New Zealand 2,382 548 827
India 16,000 406 594
UK 1,623 476 668
PNG 11,544 925 1,018
Malaysia 15,500 619 779
Greece 4,992 379 476
Mexico 26,071 393 477
Taiwan 3,568 282 693
Canada 3,270 304 433

Table 2.4. Best-represented countries in RBGE's living collections (Wild-collected material), adapted
from Walter, 1994
Note *: as above, in Table 2.3.

It should be noted when reading these tables that even though such figures represent the best

collections in cultivation their numbers and therefore representation of natural flora are still very
low. While trees and shrubs may generally be regarded as fairly easy to grow (if climatic conditions

are suitable), herbaceous plants and, in particular, short-lived perenniels, bienniels and annuals are

difficult to perpetuate in cultivation. In addition, grasses and their allies, which often account for

relatively high species numbers are regarded as difficult to maintain and generally unsuitable for

display. Add to this the restrictions of space and it would generally be fair to say then that many

botanic garden collections, even if appearing comprehensive at first sight, are generally inadequate to

meet their objectives.

Finally, having described that the garden flora is frequently a product of taxonomic research
interests and that collections are frequently 'topped up' by new introductions from expeditions, it is
worth looking forward for one moment. While improved communications and travel make

expeditions easier to arrange, issues such as intellectual property rights, commercial exploitation

(medicinal and for commercial horticulture), conservation concerns, north-south political issues and
restricted access might well mean that traditional botanic garden expeditions will become a thing of
the past. This is bound to have implications for the botanic garden flora.
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RBGE, however, is rather fortunate to have research interests in temperate parts of the world; this

means that there can be a genuine link between research and the plants grown in the garden. RBG

Kew, for instance, is not always so fortunate; many of its research priorities lie in tropical countries

making the cultivation of plants to support this work difficult and costly. In this and other similar
cases there is not such an obvious link between research and the garden flora.

In attempting, therefore, to bring the reader up to the present in terms of the influences that have

brought forth the current botanic garden flora it is fair to say that recent expeditions, as a result of
scientific research, have had, and continue to have, a strong influence on the range of plants in the

live plant collections. Therefore as new research starts, or as countries open or close their borders

(for example China and Bhutan) to foreigners, so the diversity of live plant collections change.

However, powerful as these influences are in the short term it is none-the-less true to say that it is the

combination of influences stretching back to the days when the botanic garden at Pisa was founded

that have brought together today's wonderfully diverse spectrum of live plant collections.
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CHAPTER 3 DATA COLLECTION METHODOLOGY

3.1. Introduction

To supplement the historic review of the previous chapter and to provide a sound basis for

assessing the future roles of living collections in botanic gardens it was clearly necessary to gather

data on their present use. Clearly also, this would require the selection and use of the most

appropriate survey methods; firstly, to ascertain the ways in which, and the extent to which, live

plant collections in botanic gardens were being used to meet scientific, educational and other, needs,
and; secondly to ascertain the attitudes and opinions of users (e.g. in-house scientists and

educationalists) and managers (e.g. curators) towards the live plant collections.

Such survey work would also provide evidence against which assumptions and ideas could be

tested and might give an insight into how collections were, or could, change, to meet new initiatives.

The choice of survey methods lay broadly between the use of interviews or questionnaires or a

combination of both. In assessing these the author found it helpful to consider the process of study

and theoretical sequence of events listed by Oppenheim (1966). They are as follows;
i Deciding the aims of the study and the hypotheses to be investigated
ii Reviewing the relevant literature; discussions with informants and interested bodies

iii Designing the study and making the hypothesis specific to a situation (making the hypothesis

operational)
iv Designing or adapting the necessary research methods or techniques: pilot work and revision

of the research instruments

v The sampling process: selection of the people to be approached
vi The field-work stage: data collection and returns

vii Processing the data and coding the responses

viii The statistical analysis
ix Assembling the results and testing the hypothesis
x Writing up the results: relating the findings to other research: drawing conclusions and

interpretations.

In retrospect, these stages identified by Oppenheim, fitted the course of events remarkably

closely.

3.2 Survey options

From the start of the planning process it became clear that no single type of survey would be

suitable for gathering all the information required and a number of different strategies would be

required. Considerable thought was given first, to exactly what type of information was sought, and

second, to the survey method(s) most appropriate to gaining this. The following preliminary

questions covering the types of information sought from botanic gardens and their live plant
collections were shortlisted as follows:
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- Was research undertaken?

- Were plants from the live plant collections used in this research?
- If so, to what extent?

- How essential were the live plant collections to the research activities?
- Was there a policy detailing which live plants were cultivated (a plant collections policy)?
- Who was responsible for acquisition policy, users or managers?
- How were the collections laid out?

- Were endangered species cultivated and, if so, for what purpose?
- Exactly what do research staff do with plants?
- What attitude did managers have towards the collections?
- Were the live plants used for educational purposes?
- How highly did educators value the live plant collections?
- How essential were the collections to the policy of the garden/institution?

It became evident from studying this shortlist that two types of survey technique would be

necessary, a questionnaire and interviews. The questionnaire might be designed to solicit answers to

many relatively simple questions, and attempt to gauge attitudes about live plant use from managers

and in-house users: it would use a large sample and would aim to be easy and quick to complete; and
closed questions would be used predominantly. The interviews could then be used to elicit more

detailed data concerning plant use, using a smaller sample, and being of a more complex and open

nature than the questionnaire.

3.3 The Questionnaire

Questionnaire design required close and careful attention. Decisions were required on many
facets such as sample size, layout, use of open or closed questions, analysis method, pilot work and

so on, but the author was keen that, important though these were, they should be subservient to the

actual questions. The questions and their answers were the single most important point and once they
had been determined then the other factors could come into play.

To start with the preliminary questions listed were greatly extended into a longer list, initially
without any thought of how they would be put into a questionnaire-type layout. A number of stages
then followed as these 'raw' questions were edited and grouped into a form and layout that suited a

questionnaire. Questions covering similar subject areas were grouped together, overlaps and

repetitions were eliminated and, finally, the questions were styled to fit into a number of different

categories based on those of Youngman (1986) and covering seven different categories as follows:

Verbal or Open, List, Category, Ranking, Scale, Quantity and Grid. Verbal or Open questions were

not used in this particular questionnaire due to difficulties in analysis. All the other styles were used

at some point.
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Possible responses to questions were then listed. The simplest answers were of a yes/no type

(nominal scales): others required more categories, for example, Many-Moderate-Few or Strongly

Agree-Agree-Neutral-Disagree-Strongly Disagree (ordinal scales). In many cases precise quantitative

replies would have been desirable but impossible to specify so qualitative replies had to suffice. (For

example, "To what extent are the live plant collections in your Garden used for research" is a very

important and valid question. It could be argued that the responses "Used Greatly", "Used

Moderately", "Used Infrequently" were so lacking in meaning as to be useless. However, no

quantitative replies could be created and it was deemed better to include a question even if the
answers were imprecise rather than not to include it at all. Occasionally with this type of question it
was possible to give guidance as, in Q14 of the final version (see Appendix IV).

It became increasingly apparent that no one person in an organisation would be able to answer

the whole questionnaire, but that it should go to different department heads for specialist response.

Additionally, it was also becoming too long to hold one person's attention sufficiently to complete the

questionnaire. The questionnaire was therefore split into sections (Parts) and instructions included on

how to distribute it around the organisation.

The complexity of questions was handled next. As the number of questions was high (25 at this

stage) it became increasingly desirable to make each one as easy to understand and reply to as

possible. Two decisions were made, the first that no question should take longer than about 30
seconds to answer, and second that answers should only be in the form of placing ticks or numbers in

boxes. No text would be required but space would be left for those wishing to expand.

The sequence of questions within each part was considered next. Two objectives were aimed at

here, the first, that each part should start with easy questions so as not to discourage the respondent

in the early stages and second that questions about particular topics should be grouped and the

questions progress. For example, Q24 (final version) asks if the garden has a "stated policy on the

conservation of rare, threatened or endangered species" and the next two question asks for details

about those activities.

Following these stages the first questionnaire was produced (See Appendix II): it was prefaced by
an opening letter giving details of the reasons for the questionnaire and how to fill it in followed by 4

double sided pages containing 25 questions in 3 Parts. It was hoped that the letter, which was written

on RBGE paper and stated that the author worked at the Garden, would give the questionnaire
sufficient status to elicit a response.

At this point guidance was sought from The University of Edinburgh Computing Service in order

to obtain the most appropriate statistical software for handling the type of questionnaire envisaged.

Following a careful scrutiny of the first questionnaire draft the Statistical Package for Social Sciences

(SPSS) was suggested. After starting with this highly sophisticated but complicated software, a

newer, more 'user-friendly' programme called PARADOX was located but this made little difference

to the planning stages.
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Bell (1987) slates that "the importance of planning the analysis of the questionnaire responses in
advance cannot be over-emphasised", and suggests that the preparation of summary sheets onto
which all questionnaire responses can be transferred does in itself highlight ways in which the

questionnaire might be simplified.

Following Bell's advice a summary sheet, as suggested above, was drawn up that would conform
both to the software specifications and to the question/answers required. Questions, with their

possible answers, were copied onto this to ensure that the final version would be compatible with
SPSS analysis (even though PARADOX was used eventually).

Thorough questionnaire piloting was considered vital to ensure that: respondents understood the
mechanics of the questionnaire and how to distribute it to departmental heads for answering- in other

words, that the instructions were clear; that individual questions were understood in the way that the

author intended- that is to ensure there were no double meanings, ambiguities or badly worded

questions; that no question took more than about 30 seconds to answer; and that the layout and

presentation were sufficiently attractive not to deter respondents from answering it.

Following the preparation stages previously described in which the question wording was

organised, the questionnaire was now additionally prepared for piloting by presenting it in four ways:

i, white paper, double sided, normal size type,

ii, coloured paper for each part, double sided, normal size type,

iii, white paper, single sided, normal size type,

iv, white paper, double sided, reduced size type.

The reason for testing these paper colours and layouts was that presentation was considered
essential to the response rate. An unattractive and difficult-to-understand questionnaire would simply
be left on a managers desk never to be completed.

TwentyJRBGE„were used in the piloting scheme and the time they took to answer each question
was recorded. Each was asked to answer it from the perspective of RBGE. Additionally they were

asked three questions:

i, were the questions understandable ?,

ii, were the instructions clear ?,

iii, which presentation format was preferred ?.

The results of the pilot may be seen in Appendix III. Some of the questions proved to be too long;

additionally there were some which were ambiguously worded. The introductory letter was also often
stated as lacking clarity and enthusiasm.

As a result of the pilot some questions were reworded and restructured, the letter was redrafted to

be more helpful and friendly and more information was included about the purpose of the PhD in

general and the questionnaire in particular. A new part was added which solicited general

background information about the Botanic Garden or Institution so that the information gleaned in
the main part of the questionnaire could be referred or tested back to the type, size and structure of

111



the organisation. This information could have been obtained from other sources but it was thought
far easier to have all the information at hand on one document.

New instructions on return despatch were also included as it was thought better for each

respondent to answer and despatch their part independently and not to see how the other parts had

been answered; it was thought that this would give a more accurate assessment of the Institution.
This was particularly important for questions relating to who had responsibility for acquisition

policy; this was asked in each Part and it was felt better that each respondent answered it without

seeing the replies of colleagues. The danger of this was that it made the questionnaire more

complicated, it would now need to be filled in by three to four people and this would inevitably add
some confusion and delay. Response rates also might suffer because of this but it still seemed worth

following this approach. Finally the questionnaire was re-piloted using fifteen respondents, but in a

less formalised way than the first pilot.

A brief description of the final version is given below and the full questionnaire may be seen in

Appendix IV. Full descriptions of the questions, along with their reason for inclusion and what they
were intended to reveal have been included at the analysis stage.

Page 1, Side 1. White paper. Letter; brief, friendly and with clear instructions. Space was left to
write in the Director's name in long hand in an attempt to make the questionnaire look more

personal. It was also thought better to try and name the individual as this might improve response

rate even though some research (Oppenheim, 1966) shows this not to be the case. A return-by date

was also included in the letter, this ranged from 4-6 weeks from despatch depending on the distance
of the country concerned.

Page 1, Side 2. Explanation of research project and the importance of the questionnaire. In earlier
drafts a brief explanatory paragraph had been included with the letter. It was thought better not to

crowd the letter and include this description as a separate entity so that those who wanted to read it

could and those who did not could leave it aside.

Page 2, Side 1. White paper. Part 1, Questions 1-3, background information concerning age, size
and funding of the Garden /Institution.

Page 2, Side 2. Part 1, Questions 4-7, continuation of Part 1, requesting information on policies
and allocation of funds.

Page 3, Side 1. Blue paper. Part 2, Questions 8-12, research questions asking about the

importance of live plant collections to the research effort of the Institution.

Page 3, Side 2. Questions 13-16. Continuation of Part 2, questions as above.

Page 4, Side 1. Green paper. Part 3, Questions 17-21. Garden and live plant information.

Questions about plant collections and acquisition policy.

Page 4, Side 2. Questions 22 and 23. Continuation of Part 3. Plant collections and display policy.

Page 5, Side 1. Questions 24-28. Continuation of Part 3. Conservation policy.
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Page 5, Side 2. Question 29. Continuation of Part 3. Attitude scales concerning relationship with

other departments and display policy.

Page 6, Side 1. Yellow paper. Part 4. Questions 30-32. Public Education information. Questions

relating to use and importance of live plants to public education.

Page 6, Side 2. Questions 33 and 34. Continuation of Part 4. As above.

Sampling and distribution were considered next. There are approximately 1457 botanic gardens

in the world distributed in 125 countries. Although sending questionnaires to each one would involve

a large amount of work it was considered necessary to approach each garden rather than sample from
them for the following reasons: Firstly, due to the very variable policies under which the world's

botanic gardens operate it seemed desirable to collect information from the widest possible range of

sources; secondly, botanic gardens have been shown to be poor respondents to questionnaires. A

recent questionnaire organised by the International Association of Botanic Gardens (IABG) received

only 200 replies from the 1300 questionnaires. If only a half or a third of gardens were selected and

there was only a 20% response then the information gleaned and the assumptions quoted would

probably not be representative; and lastly, as the information sought had never been requested before,
it was considered desirable to approach every garden so that as full and true a range of activities and

policies as possible could be recorded.

The international scope of this research project obviously predetermined that the questionnaire
would be distributed and returned by post. Addresses were obtained from a recently produced list of
all botanic gardens held by the Botanic Gardens Conservation Secretariat (BGCS, now Botanic

Gardens Conservation International, BGCI) on computer, (but before the actual register was

published). Botanic gardens were listed with their addresses and Director and Curator names. The
list was in 'crunched' form on a 5.5 inch floppy disk and data was randomly arranged. In order to

obtain the information required, in the form required, a number of stages were necessary:

i Information was transferred to 3.5 inch floppy and 'un-crunched'.
ii Names and addresses were separated out into continents and each continent allocated to a

separate floppy disc.
iii Each botanic garden name and address was separated out from each other, transferred from

linear format to standard address format and the director's name placed at the top.

iv Each Garden was given a three letter pre-code representing the first three letters of the

town/city. Alphanumeric computer sort was used to arrange entries alphabetically. This meant
that the gardens were now arranged alphabetically by town/city name (not necessarily their
Institution name). The Royal Botanic Gardens Kew, for instance, would be found under L for

London rather than K for Kew.

v The pre-codes described above were replaced by a 7 digit numerical code, one for each garden,
that would be unique to that garden and would be used for sorting, coding and filing

questionnaires. The first digit represented a continent. The next three digits referred to a

country within a continent (see Appendix VI) and the last three digits were reserved for
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individual gardens within a country (arranged alphabetically as described above). The entries
were pre-coded as described and a numeric sort run on the computer to give a listing.

The gardens were now listed by continent, country within each continent and alphabetically
within each country. This meant that each garden could be located in a directory. Additionally these
files were copied and arranged so that sticky address labels could be run off the computer printer.

Running the procedures described above took a considerable length of time but they were
considered absolutely necessary to the efficient organisation of the questionnaire.

The questionnaire was translated into French, German, Spanish, Portuguese, Chinese and
Russian and appropriate numbers photocopied. The next stage involved sending out the

questionnaires enclosing three self addressed envelopes for independent return of the Parts to

Edinburgh. Despatch occunred during the summer and autumn of 1990 and the posting dates along
with language and response rates can be seen in Appendix I. Once all the questionnaires had been
sent out reminders were sent to non-respondents during January to March 1991.

(V
Following receipt of the questionnaires the results, coded numerically (see Appendix jt), were

loaded into the PARADOX database. It took almost six months (on a part-time basis) to load in the

62,080 separate items of data generated by the questionnaire. Once loaded each piece of data was

compared with the original questionnaire to check for accuracy. The error rate was found to be less
than 0.1%. Once this task was completed PARADOX was used to find the numbers responding to

each permutation of each question. This task also took about six months to complete and the results
were finally published in August 1992, (Rae, 1992). The final version of the questionnaire, along
with the total world result can be seen in Appendix V. Total results by countries can be seen in

Appendix VII.

It should be noted that country designation have been left as they were, in 1990, when the address

list was received from BGCS. Germany therefore appears as two countries and all the fgrrfier FSU
countries as one.

3.4 The Interviews

From the start of the study it seemed obvious that visits to botanic gardens would be necessary

and important. While a questionnaire could be used to gather certain types of information, its scope

was limited to short yes/no or factual type answers. It was felt that other types of information, that
needed explanation and description, could only be obtained from face to face discussions. Visits, with

interviews, would provide the means to gather evidence of the use, or non-use, of live plant

collections being used to support botanic garden work. They would provide first hand experience of

good and bad practice, allow the author to meet leading practitioners, see how common problems

were dealt with in different places and give an opportunity to observe design, species selection and

facilities.
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However, at the outset it was considered essential that the interviews had a clear purpose and

were structured so that comparisons could be made and haphazard wanderings and discussions

avoided. The latter might well have yielded much data, but its random nature would probably have

made analysis impossible. Another important consideration was that interviews should not be
divorced from the questionnaires; rather they should be seen as a continuation of them and provide
an opportunity for discussion of aspects which would have been difficult within the constraints of the

questionnaire. For these reasons, structured visits, that would give the opportunity for organised
interviews, were regarded as the best way of proceeding.

As described already the questionnaire was designed to gather a lot of information quickly; this
included facts and attitudes, and closed questions were used throughout. The interviews, on the other

hand, were intended to be completely different in terms of style and structure, but complementary in

terms of questions asked and information sought. The proposal was to discuss a number of problems
or situations with key individuals concerning live plant use to fmd out how procedures had arisen,

why things were, or were not, done in particular ways, how situations may develop or change and so

on. Open questioning would be required for this and consequently far fewer questions could be

posed.

The booklet Conducting and Analysing Interviews by E.C. Wragg (date unknown), while

primarily aimed at educational research, was found to be helpful in the initial stages of deciding how
to construct and conduct the interviews. From this booklet obvious, yet easy to forget, pitfalls were

listed such as interviewer bias, sample bias, respondent bias and a strait-jacket interview approach -

that is a too tightly structured interview schedule which would permit little latitude in response.

Simple, yet practical information on why, when, whom and where to interview was also given and
found to be helpful.

Having decided that visits and interviews would be a good way to proceed, if they could be

constructed and handled correctly, the next stage involved attempting the first stages in building an

interview schedule. Wragg (date unknown) identifies three types of interview: structured, semi-
structured and informal. Structured interviews are not far removed from questionnaires- the

interviewer asks set questions and fills in responses onto an answer sheet. Semi-structured interviews
use set questions but the reply regime is more informal and further discussions are permitted.
Informal interviews, Wragg suggests, are very difficult to control and analyse and considerable

training is required in psychological techniques. In such informal interviews, which could easily last
two or three hours, much discussion takes place and the interviewer attempts to 'tease out', often

deeply interrelated, reasons for certain attitudes.

It seemed from this that semi-structured interviews offered the best type of technique. Their

method was therefore adopted and involved the following planning stages before conducting the first

proper interview:

i, decide main questions

ii, sort into groups (e.g. all conservation questions together)
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iii, sort into logical order (e.g. simplest questions at the start)

iv, finalise wording

v, finalise format and layout (e.g. one sheet for each topic- research, education and garden

management, including conservation, and space for responses)
vi, piloting (to check question ambiguity, interview technique and technique for recording

responses; carried out 12 pilot interviews)
vii, final adjustments to some wording and layout (in light of pilot interviews)
viii, practise (to become familiar with interview and recording format)

The final interview sheets are presented below in reduced format. The format worked out at three
sheets for each garden, one covering research, one covering education and the final one covering
both garden management and conservation. It was intended that three appropriate members of staff
would be interviewed at each garden.

THE ROLE OF LIVING COLLECTIONS IN BOTANIC GARDENS
INTERVIEW SCHEDULE

A Taxonomy and Other Research
1 What are the main types of research that you do here?
2 Are the live plant collections used to support any of this research?
3 Are the plants which are used situated in the established landscape of the garden or are they located in "behind the scenes"

glasshouses/holding areas?
4 What exactly are the plants needed for, what do you, or others, do with them?
5 Would you be able to pursue you research objectives without the live plant collections? What sort of alternatives would you

have?
6 Do you have a good working relationship with the garden staff who maintain your collections?

Are the plants grown in the way and to the standard that you need?
Do you have a say in the way in which they are grown?

7 In what other ways do you think that the live plant collections could be used to support taxonomic and other research; how do
you see this developing in the future?

8 What proportion of the live plants are used to support research and what is the purpose of the ones that are not supporting
research?

B Education
1 What range of educational facilities or activities do you offer and who are they aimed at?
2 Are die live plant collections used to support any of these facilities or activities?
3 What exactly do you need the plants for, what purpose do they serve, how do you use them?
4 Would you be able to pursue your educational objectives without the live plant collections? What sort of alternatives would you

have?
5 Do you have a good working relationship with garden staff and do they provide the sort of material you need in the way you need

it?
6 To what extent are you involved in garden designs, content and layout?
7 What sort of proportion of the plants are use to support educational activities?
8 In what other ways do you think that the live plant collections could be used to support educational activities; how do you see

this developing in the future?
9 What proportion of the live plants are used to support education and what is the purpose of the ones that are not supporting

education?

C Garden Management
1 For what purposes do you grow plants here, who are the users and can you put them into any order of importance?
2 To what extent do you grow what you and your staff want and to what extent do you grow plants that are required by users e.g.

researchers or public education staff?
3 Can you give examples of groups of plants that are cultivated here that are used to support specific projects?
4 Do you get clear requests from research or education colleagues detailing exactly what they want from the garden staff and from

the collections?
5 Do most of the plants that are used for projects get grown 'behind the scenes' in special research areas or do the plants in the main

part of the garden get used also?
6 If only a few plants in the main part of the garden get used for projects, what is the role of the others?
7 How can an institution such as this best support conservation?
8 What role can the garden side play in conservation?
9 Do you have any major new developments planned for the garden?
10 How do you see the role of live plant collections developing over the next few years?

Selkirk (date unknown) warns that poor sampling leads to poor results which cannot be relied

upon. For the questionnaire a decision was made not to sample, but to seek responses from every
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single member of the population, in this case botanic gardens. The reasons for this are given in

Chapter 3.3 and it was a large but achievable task. It was not, however, possible to do this for
interviews for obvious reasons of time and cost. For this reason sampling was necessary.

There are two important assumptions that concern the selection of samples used for an

experiment; they should be random and independent. Random sampling means that every member of

the parent population must have an equal probability of being selected and this also means that after

selecting one member from the population for sampling, it should be returned to the population for

possible choice a second time. For large populations the latter point is usually ignored because the

difference in results is negligible, and, in any case, repeating an experiment on the same subject is

usually impossible. For small populations, however, there can be a noticeable effect on the results if
this rule is ignored, and if possible, sampling should be "with replacement".

Independence is also important; the members of a sample should be chosen independently of one

another, so that the selection or rejection of any one member of a population as a member of a

sample has no effect on the selection or rejection of any other member.

In summary the following points are therefore of importance when selecting a sample. The parent

population should be precisely defined; every member of the population should have an equal chance
of being selected as a member of the sample; where possible, sampling should be with replacement,
and finally, the members of the sample should be selected independently of one another.

The three paragraphs above describe the ideal sampling strategy, the paragraphs below describe

how and why these ideals would have to be compromised.

Ideally, all botanic gardens of the world would have been numbered and then random numbers
tables used to select samples. For many reasons this would simply have been impractical as botanic

gardens are scattered across the whole world and costs and time would not have been available to

interview such a sample. These obvious constraints meant that certain biased sampling steps had to

be taken:

- countries would have to be selected in which there were many (at least 10) botanic gardens and
in which communications were quick and efficient. This would mean that at least 3-4 botanic

gardens could be visited within a week. If it took longer to get from botanic garden to botanic

garden then insufficient gardens could be visited within the short time available;
- costs: funds would need to be raised externally and some funding agencies favour certain

countries; also, as limited funds would be available it would not be possible to visit numerous

places or very expensive places;
- time; as the author has a full-time job and this research was being carried out in his own time,

there were only certain periods and a certain total length of time that could be devoted to visits
and interviews (about 10-15 weeks in total and it was important to get to as many botanic gardens

as possible in that time);
- co-ordination; plane and train timetables plus availability of staff to interview combined to

impose considerable constraints;
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- information already collected by the questionnaire; while most questionnaires were completed in

a remarkably uniform way, staff at some gardens either gave much lengthier responses and issued

invitations to visit while others gave incomplete, illegible, conflicting or confusing replies- both
these types of response made worthy candidates for follow-on visits and interviews,;
- language; while the questionnaire could be translated and responses came in the form of ticked

boxes, interviews would have to be conducted in English;
- worth of visit; some botanic gardens are so small or moribund that it would have been a waste of

time to spend 2 days visiting each one and spending the necessary money (even if in a strict

sampling sense it would have been important). Such gardens were assessed partly by the

questionnaire response and partly by prior knowledge, hearsay or advice with colleagues around
the world.

These factors meant that, due to variable country characteristics, visiting certain botanic gardens
would be difficult or impossible, for instance:

- Africa and S America would be unsuitable- each country has only one, or a few, botanic gardens

and communications are slow. It would be difficult to reach many gardens and in a one month

visit, for instance, it would probably only be possible to visit about ten gardens, also costs would

be unreasonably high (calculated at about £400 per garden visited);
- countries within the former USSR, China, Japan, and parts of Europe would be difficult for

language reasons.

On the other hand other countries would be especially good or easy to visit, for instance:
- Holland, Germany and some other European countries- communications are frequent and

efficient, there is a high density of botanic gardens (including some world leaders) and prices are

high but affordable (giving a figure of about £100 per garden visited);
- North America and Australia- similar reasons to the above (giving a figure of about £250 per

garden visited);
- other carefully selected areas with reasonably high numbers of botanic gardens but perhaps slow
or poor communications might be worth visiting, to give a contrast to botanic gardens in

developed countries, e.g. India.

The factors which compromised the random nature of the sample listed above could be

summarised under the phrase 'practical constraints' and could be argued to be reasonable. The final

factor that gave a biased sample was that botanic gardens from within 'good countries' were not

sampled at random. The reason for this was that the author wished to see the best botanic gardens
within the limited time available so as to see the best designs and programmes and meet the best

practitioners. If time and funds were limited then it seemed a wasted opportunity to visit the

mediocre and bad rather than the best. Additionally, funding agencies would probably not have been

prepared to give money to visit poor botanic gardens. In the USA, for example, there are 253 botanic

gardens and it would be possible to visit about 20 within the time and money available. Using
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random tables and an admittedly subjective view of the 'best' botanic gardens, only one garden was

selected from the author's top 20.

For the reasons described above the sample selected was not random but biased and for this

reason extreme caution would need to be exercised when interpreting results. The lists of botanic

gardens visited for interviews are shown in Tables 3.1-3.3.

Number Date Botanic Garden

1 22 March 1993 Vrije University Botanic Garden, Amsterdam
2 23 March 1993 Leiden University Botanic Garden
3 24 March 1993 University of Wageningen Botanic Garden
4 25 March 1993 Bonn Botanic Garden

5 26 March 1993 Palmengarten, Frankfurt
6 29 March 1993 Botanic Garden of the University of Hoenheim, Stuttgart
7 30 March 1993 Tubingen Botanic Garden
8 31 March 1993 Munich Botanic Garden

9 1 April 1993 Berlin Botanic Garden

10 2 April 1993 Hannover Botanic Garden

Table 3.1. Dutch and German botanic gardens visited in 1993 and in which interviews were conducted.

Number Date Botanic Garden

1 16 August 1993 Arnold Arboretum

2 17 August 1993 Garden in the Woods

3 18 August 1993 New York Botanical Garden

4 19 August 1993 Brooklyn Botanic Garden
5 20 August 1993 US National Arboretum
6 21 August 1993 Morris Arboretum

7 23 August 1993 North Carolina Botanical Garden

8 24 August 1993 North Carolina Botanical Garden

9 26 August 1993 Atlanta Botanic Garden

10 30 August 1993 Bok Tower Botanic Garden

11 31 August 1993 Marie Selby Botanic Garden
12 1 September 1993 Fairchild Botanic Garden

13 3 September 1993 Desert Botanic Garden
14 4 September 1993 Sonoran DesertMuseum
15 7 September 1993 Rancho Santa Ana Botanic Garden

16 9 September 1993 Huntington Botanic Garden
17 10 September 1993 Univ of California Bot Garden

18 13 September 1993 Strybing Botanic Garden
19 15 September 1993 Berry Botanic Garden
20 17 September 1993 Missouri Botanic Garden

21 20 September 1993 Chicago Botanic Garden
22 21 September 1993 Morton Botanic Garden

Table 3.2. USA botanic gardens visited in 1993 and in which interviews were conducted.

Number Date Botanic Garden

1 15 September 1994 Bombay Botanical Garden, Institute of Sciences
2 19 September 1994 Burdwan University Botanic Garden
3 20 September 1994 Indian Botanic Garden, Calcutta
4 21 September 1994 Lalbagh Botanical Garden, Bangalore
5 22 September 1994 The Bot. Gard., University of Agri Sciences, Bangalore
6 26 September 1994 Government Botanic Gardens, Ootacamund
7 28 September 1994 Royal Botanic Gardens, Peradeniya
8 29 September 1994 Botanic Gardens, Hakgala
9 29 September 1994 Gampaha Botanic Gardens, Gampaha

Table 3.3. Indian and Sri Lankan botanic gardens visited in 1994 and in which interviews were
conducted.
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Even at the piloting stage it was obvious that reading questions from the sheet and than slowly

filling in the answers hindered the easy flow of conversation. Instead, the questions were memorised

and inserted into a general conversation in which there may have been other questions, about
different topics, between those written on the schedule. This allowed a free flowing conversation in

which interesting, but unpredicted, issues could be discussed without the feeling that a formal routine

was being disrupted. Answers were not recorded at the time but were memorised and written down

immediately after the interview. This technique worked well after a little practice.

As botanic gardens are administered in different ways and therefore employ slightly different

types of staff it was seldom possible to arrange identical interviews at each place. Ideally, at each

garden three members of staffwould have been interviewed and information from each would have

been used to fill out one of the three interview schedules. Usually, though, answers from one or two

members of staff were used to complete each sheet. In total 132 botanic garden staff were

interviewed; their names, along with their position within the organisation are listed in Appendix
.VIII.

During the course of the study further visits to other botanic gardens were made but not to

interview staff in such a methodical way as previously outlined. The purpose of these visits was to

gather data, follow up questionnaire comments, observe particular projects, accumulate material for
case studies and to meet staff. The botanic gardens visited in this way are listed in Table 3.4.

Number Date Botanic Garden
1 June 1991 Durham University Botanic Garden
2 June 1991 Harlow Carr Botanical Garden

2 June 1991 June 1991 University of Leicester Botanic Garden
4 June 1991 University of Loughbourgh Botanic Garden
5 June 1991 The Harris Gardens, University of Reading
6 June 1991 Cambridge University Botanic Garden
7 May 1993 The Royal Horticultural Society's Garden, Wisley
8 October 1993 Jardin Botan. Fco. Clavijero, Xalapa, Mexico
9 February 1994 Birmingham Botanical Garden
10 March 1994 Jardin Botan., "Viera y Clavijo",Las Palmas
11 December 1994 University of Liverpool Botanic Gardens, Ness
12 February 1995 The Hillier Gardens & Arboretum, Ampfield
13 Frequently Royal Botanic Gardens, Kew

Table 3.4. Other botanic gardens visited in the course of the study.

3.5 Presentation and analysis of data

The numerical, tabulated results of the questionnaire have, for ease of reference, been placed into

appendices (Appendices V and VII), rather than into the main part of the text. It is suggested that
these are referred to when discussing relevant questions. Reference to questions in the questionnaire
will be found as shown in Table 3.5 below.

120



Questionnaire Part & Question Number

Administrative parts of the questionnaire & Part 1: Factual background
information; Questions 1-7
Part 2: Research information; Questions 8-16

Part 4: Public education; Questions 30-34

Part 3: Garden and live plant information, conservation questions; Questions
22a-d & 24-26

Part 3: Garden and live plant information, garden management questions;
Questions 17-22e-h, 23 & 27-29

Table 3.5. Location of questionnaire parts/numbers within the text.

To give structure and continuity to the way in which questions are arranged and described within
the text most questions have been divided into the following format:

- Question, followed by reason for inclusion;
- Summary of results: world figures- an overview of the world average, given as a percentage but

including response numbers in brackets,
- Summary of results: continent figures- inclusion of continents remarkably above or below the

average,

- Graph- to give a visual interpretation of results, usually arranged by continent and showing the

average,

- Analysis and discussion- reasons for certain scores are suggested, trends observed and

correlations with other questions made.

Early on, at the design stage of the questionnaire, it was decided that a full statistical analysis of
the results would not be undertaken. Considerable thought was given to this decision and the issue

was discussed with both colleagues and statisticians. Apart from the fact that statistical comparisons
would be difficult (for instance it would be difficult to compare results for Africa which has 79

botanic gardens with those from Europe which has 495 gardens), the forthcoming results would not

be all that helpful. For this questionnaire the world result was the single most important figure.
Never before had such a questionnaire tried to elicit information on such a scale and about so many

facets of live plant collections. The simple result, giving the numbers of gardens who did, or did not,
do certain things was the end-point required. Following this, it was interesting to observe whether

botanic gardens in different continents scored differently, but it was not so important that the full

weight of statistical analysis needed to be brought in to decide if results were significantly different- a

straightforward impression, as illustrated on a histogram was agreed to be sufficient.

When dealing with the interviews the structure has been arranged as follows:
- Question, followed by reason for inclusion;
- Tabulated results;
- Analysis and discussion of the results.

A brief 'Summary of questionnaire and interview results' is given in each chapter.

Chapter

Chapter 3

Chapter 4

Chapter 5

Chapter 6

Chapter 7
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The remainder of Chapter 3 now deals with Part 1 of the questionnaire.

3.6 Results and analysis of Part 1 of the questionnaire

Part 1 sought background information about each botanic garden so that trends in the other

topics, for example research, conservation and education, might be cross referenced to aspects such
as garden age, status and functions. For this reason there is little analysis and discussion in this Part.
Full results may be seen in Appendices V and VI

i Administrative information

i. i Response rate

Summary of results: world figures. Of the 1457 questionnaires sent (excluding reminders) 776,

representing a response rate of 53.3%, were returned. This represents a very favourable response

especially when compared to other questionnaires that have been carried out on botanic gardens. A
recent International Association of Botanic Gardens (IABG) questionnaire attracted a response rate

of only about 6%. Additionally Uersic (1964) states that "the fundamental weakness of the postal
method is the low proportion of returns and that, on average, a 20% response is considered good. A
rate of 53.3% must therefore be seen as satisfactory and a valid figure on which to base results. It

should be noted that a further 36 completed questionnaires arrived too late to be included- some
arrived up to three years after the return date requested! This would have put>rf> the total up to 812
and the response rate up to 55.7%.

Summary of results: continent figures. From Africa the response rate was 48.0%, representing
38 gardens out of a total of 79. Ten countries returned a 100% response rate, but seven of these had

only one botanic garden; of the remaining three, Ghana, with 3 gardens, had the highest number.
Eleven countries supplied no response at all, 8 had only one garden. S Africa, with 16, had the

largest number of gardens in Africa, 8 replies were received.

The response from N America was 52.5% representing 159 gardens out of a total of 303.
Canadian gardens responded well with 14 out of the total of 19 replying (73.7%). Despite 133

gardens from USA replying this still only represented 52.6%. Mexico had a poor response rate with

only 12 out of 31 gardens replying (38.7%); this was a disappointing result as the questionnaires
were sent in Spanish.

The least satisfactory response rate came from S American (including Caribbean) gardens: only
33 out of 96 gardens replied giving a return of 34.4%. 10 countries provided 100% responses, but 8
of these only had one garden. 11 zero percent responses were recorded, 5 were from countries with

only one botanic garden. One of the worst reply rates was from Argentina with only one of their 9

gardens replying (11.1%). Reasonable response rates were received from Brazil (5 out of 11, 45.5%)
and Colombia (6 out of 13,46.2%).
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The response from Asian gardens was good in terms of numbers, 174 of the 383 botanic gardens

replied which was the second highest number of replies from a continent (Europe was highest with

307) but this only gave a response rate of 45.4% which was second lowest. Most of the countries with

many gardens responded well, for example China; 31 replies from 58 gardens (53.4%); Japan 21 out

of 43 (48.8%) and USSR 84 from 162 (51.9%). One of the poorest responses was from India with

only 19 from 69 (27.5%); 9 countries did not reply at all. Some, such as Iran and Iraq may have been

for political reasons, in other cases, such as Burma and Vietnam, language may have been the

problem.

The reply rate from Australasia was the highest of any continent; 65 completed questionnaires
were received from 101 sent giving a response of 64.4%. Only one country, Java (with one garden)

returned at zero reply rate. The best responses came from Australia, 35 replies from 57 (61.4%), New

Zealand 11 from 16 (68.8%) and Philippines 5 from 7 (71.4%). Other good rates were received, but

these only represented small numbers e.g. a 75% response from Indonesia (3 out of 4 gardens),

Malaysia 62.5% (5 out of 8 gardens), 4 countries returned 100% replies, but each only had one

garden (Norfolk Is, Samoa, Singapore and Solomon Is).

As highlighted in Chapter 1.3, Europe has the largest number of gardens and it was fortunate that

the response rate was high; 307 gardens replied from 495 giving a result of 62.0%. 100% replies
were received from 4 countries including Norway with 6 out of 6 representing the highest number of

countries giving a 100% response rate. Six countries were in the 70+% range of responses (excluding
those who had responded with 100%). These were Austria (7 out of 10, 70.0%), Belgium (11 out of

15,73.3%), Finland (6 out of 8,75.0%), West Germany (44 out of 56,78.6%), East Germany (13 out

of 16, 81.3%) and Switzerland (15 out of 19,78.6%). 11 countries fell into the 50-70% category

including UK (33 out of 48, 68.8%). Four countries fell within the 30-50% category including 2 with

large numbers of gardens- Czechoslovakia (11 out of 32, 34.4%) and Yugoslavia (10 out of 27,

37.0%). Only one country, Greece, with no replies from 4 gardens fell below the 30% rate.

Fig. 3.1 shows the response rate by continent graphically.

Analysis and interpretation of figures. While these responses were good it was disappointing
that a higher figure was not obtained. Great efforts had been made at the design and piloting stages

to ensure that, even though the questionnaire was large and detailed, it was quick and easy to

complete. Initially it was thought that splitting the questionnaire into four parts might have caused

problems but, as can be seen from i.ii below this did not seem to be the case. Political antagonism,

language difficulties or lack of time and interest probably caused many non-responses. None of these
can be tested statistically. There appeared to be differences in response rate by language which could
reflect cultural bias or bad translations from the English original- these could be tested statistically.

Eight chi-square tests were undertaken to investigate the possibility of there being significant
differences in response rates between language groups. The full statistical tests can be seen in

Appendix IX. The comparisons were as follows;
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Fig. 3.1. Questionnaire response rate, arranged by continent and showing the average.

i The first hypothesis was that there was no difference (in terms of language groupings) between
those who replied and those who did not. In this case chi-square was 42.376 and using 6

degrees of freedom the result was P>.001 showing that there was a very significant difference
and that the hypothesis was wrong.

ii In the second test the hypothesis was that there was no difference between the rate of replies
received from gardens to whom French and German translations had been sent. The chi-

square this time was 14.742 and using 1 degree of freedom the result again was P>.001

showing that there was a very significant difference and that the hypothesis was again wrong.
iii In the next test the hypothesis was that there was no difference between the Spanish and

Portuguese reply rate. Chi-square was calculated as 0.539 and using 1 degree of freedom the
result was 0.50<P<0.10 showing that there was not a significant difference and that the

hypothesis was correct.

iv In the fourth test the hypothesis was that there was no difference between the Chinese and

Russian reply rate. Chi-square was calculated as 0.044 and using 1 degree of freedom the
result was P<0.50 showing that there was not a significant difference and that the hypothesis
was correct.

v In the next test the reply rate between German and English questionnaires was compared; the

hypothesis was, again, that there was no difference in the response rates. Chi-square was

calculated at 26.829 and using 1 degree of freedom the result was ,001<P showing that there

was a very significant difference and that the hypothesis was wrong.

124



vi In the last two tests groups of languages were taken together. In the first test the response rate

from English questionnaires was compared to the non-English response rate. The hypothesis
was that there was no difference in the response rate. Chi-square was calculated as 0.313 and

using 1 degree of freedom the result was P<0.50 showing that there was not a significant
difference and that the hypothesis was correct.

vii In the last test European languages were compared with non-European languages. As usual

the hypothesis was that there was no difference in the response rates. Chi-square was

calculated as 0.102 and using 1 degree of freedom the result was 0.50<P<0.10 showing that

there was not a significant difference between the two and that the hypothesis was correct.

The first test showed that there was a significant difference between the numbers that replied

against those that did not and the other tests showed that some of this could be explained by

language bias. The second test showed that countries to whom German translations were sent replied
in significantly higher numbers than those to whom French translations were sent. There was no

such difference between Spanish and Portuguese replies or between Russian and Chinese replies.
Test v compared the reply rate between countries to whom English and German translations had
been sent; the comparison showed that there was a significant difference. This can probably be

explained by the fact that those who received the German questionnaires spoke German as a first

language (e.g. East and West Germany, Austria and parts of Switzerland) however the English
translation was sent to many countries (68 in total) many of whom spoke English only as a second

language (e.g. Turkey, Japan, Italy and many African countries). A further chi-square test (viii) was

used to test the following hypothesis: there is no difference in response rate between countries that

used English as a first compared to a second language. Chi-square was calculated as 13.701 and

using one degree of freedom the result was 0.001<P showing that there was a very significant
difference and that the hypothesis was wrong. In short there was an important difference in response

rate between those for whom English was a first or second language. (The calculations can be seen in

Appendix IX along with tests i-vii)

Test vi compared the English against non-English questionnaire response rate. The calculation
showed that there was not a significant difference which indicated that the translations from the

English original had been done well and that respondents understood the questions and knew how to

respond. In the last test (vii) European languages were compared with non-European languages. This
was done to test if there was a bias or resistance against Europe or "the West" from other countries.

The test shows that there was not.

i.ii Number of parts returned

It had been expected that asking for the four parts to be answered and mailed back by different
individuals might have caused confusion, a reduced return rate and that many parts would be

missing. Indeed, the cost of four stamps rather than one may have been a significant factor in

reducing the number of parts returned as some botanic gardens survive on next to no funds. The
reasons for splitting the questionnaire into four parts and asking for them to be filled in and returned
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independently has already been explained in Chapter 3.3. The fact that this might have led to a

reduced number of replies remains unknown but the fear that it would have led to many replies being

incomplete (i.e. fewer that all four parts returned) was groundless. In the event 743 of those

responding (95.7%) returned all four parts, 19 (2.4%) returned only three parts, 8 (1.0%) returned

only 2 parts and 6 (0.8%) returned only 1 part. It should be noted for the sake of statistical accuracy
that even if only one part was returned the entry for that botanic garden was included in the number

of responding botanic gardens.

PART 1. GARDEN INFORMATION

Introduction. The seven questions in this part concerned factual background information about the

garden such as age, size, funding and policies. This information was of no direct importance on its

own but of great interest when cross tabulated with results from questions in the other parts of the

questionnaire. For this reason the results are only briefly analysed here and an indication is given of

the way in which they will be used when cross analysed with the results from other questions.

Question 1. When was your Garden (meaning the whole institution) founded?

Summary of Q1 results: world figures. The full results of this question, along with all the other

responses, can be seen in Appendices V and VI. It is interesting to note that even though 27.1%

(representing 210 responses in the questionnaire) of gardens were founded before 1900 their creation
continues and is accelerating; 14.2% (representing 110 responses) were founded between 1901-1930,
25.3% (196 responses) during 1931-1960 and 32.3% (251 responses) between 1961-1990. This

indicates that botanic gardens are far from the Victorian relic of popular imagination and that new

ones are being created at a faster rate than ever before. This could be taken to mean that they are

regarded as worthwhile institutions. Fig. 3.2 illustrates the results.

FOUNDATION DATES: WORLD
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« 20.00%
0)
Q.

10.00%

0.00% fTTTTTTTfTffl
Before 1 600 1 601-1700 1701-1800 1801-1900 1901-1930 1931-1960 1 961-1 990

Age brackets

Fig. 3.2. Foundation dates of the world's botanic gardens, arranged by percentages falling within
specified age brackets
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Summary of Q1 results: continent figures. The creation of new gardens in Africa has followed the

rise and decline of colonial power and gardens created before the 1950s are often referred to as

"colonial gardens"; this term infers that they were initially associated with the introduction of
economic crops and forestry. More detail on these gardens can be found in Chapter 2; Fig. 3.3
illustrates the age structure of the foundation of botanic gardens in Africa. The earliest ones were
created in the 1701-1800 period in places such as Mauritius and S Africa and continued in the

nineteenth century in Ghana, S Africa, Uganda and Zaire. The early part of this century (1901-1930)
saw the most rapid period of expansion (39.5%) with new botanic gardens being created in many

colonial territories (these were mostly British, for example Egypt, Nigeria, and Zimbabwe). At the
end of the colonial period (1931-1960), 23.6% of all gardens were created. The post independence

period (1961-1990) saw only 8 new gardens created (from within the questionnaire responses): the

countries concerned were The Azores, Malawi, Mozambique, Senegal, S Africa, Togo and

Zimbabwe.

30.00%

20.00%

10.00%

0.00%H 1
Before 1 600 1601

40.00%

FOUNDATION DATES: AFRICA

-1930 1931-1960 1961-1990-1700 1701-18001801-1900 1901

Age brackets

Fig. 3.3. Foundation dates of African botanic gardens.

In N America the pattern has been one of continued acceleration as can be seen from Fig. 3.4. The
first garden was created during the 1701-1800 period, and their growth has continued rapidly since
then. The pattern is even more marked in Mexico; its first garden was created in the 1901-1930

period, (representing 8.3% of its gardens), 16.7% were created in the 1931-1960 period (2 in the

questionnaire) and 75% of all their gardens have been created in the 1961-1990 (9 responses in the

questionnaire).

127



FOUNDATION DATES: N AMERICA
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Fig. 3.4. Foundation dates of N American botanic gardens.

In S America (including the Caribbean Is/W Indies) the earliest gardens were created in the

1801-1900 period in countries such as Bermuda, Brazil, Chile, Commonwealth of Dominica,
Grenada and Trinidad. 26 (from within the questionnaire responses) were created in the 1901-1990

period. However, within this twentieth century period the start was slow, 2 in the 1901-1930 period

(Argentina and Honduras), 8 in the next 30 year period and a rapid increase to 16 in the 1961-1990

period. This pattern is shown graphically in Fig. 3.5. The last group have been created in places such
as Bolivia, Brazil, Chile, Columbia, Cuba, Republic of Dominica, Ecuador and El Salvador,

Guadeloupe, Venezuela and the Virgin Is. While the earliest were colonial in nature, many recent

ones have been created to deal with conservation issues (the last point appears to be borne out in

Question 4, further on).
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Fig. 3.5. Foundation dates of S American botanic gardens.
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In Asia the major period of botanic garden foundation has been the twentieth century, especially
from 1930; this trend is shown in Fig. 3.6. The earliest gardens were colonial in nature and were

founded in the 1601-1700 period (Japan, Thailand and India); 2 (from within the questionnaire

responses) were created in the 1701-1800 period, both in USSR. Fourteen were created in the period

1801-1900; of these one was in Hong Kong, one in India and the rest in USSR. It is perhaps

surprising that none were created in China or Japan and so few in India. The next period 1901-1930

saw 20 created, one in China, two in India, 4 in Japan, one in Taiwan and the rest in USSR. 38.5%

(67 in this questionnaire) and 37.4% (65) were developed in the next two periods respectively (1931-
1960 & 1961-1990); the major developments were in China, India, Japan, S Korea, Pakistan, Turkey

and, still, USSR.
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Fig. 3.6. Foundation dates of Asian botanic gardens.

In Australasia no botanic gardens were created until the period 1801-1900, when, in a rapid

period of development 30.8% of the current total (representing 20 in this questionnaire) were
founded. Of these 10 were in Australia one in Indonesia, one in Malaysia, 7 in new Zealand and one

in Singapore. Five were created in the first thirty years of the twentieth century, 1 in Australia, 1 in

Malaysia and 3 in New Zealand. Thirteen were created during the period 1931-1960, 6 in Australia,
2 in Indonesia, one in Papua New Guinea and 3 in the Philippines. 41.5% (27 in the questionnaire)
of all gardens in this area have been created in the thirty year period since 1961, 18 in Australia, 3 in

Malaysia, one in New Zealand one in Papua New Guinea 2 in the Philippines, one in Samoa and one

in the Solomon Is. Fig. 3.7 shows the pattern of development.
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FOUNDATION DATES: AUSTRALASIA
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Fig. 3.7. Foundation dates of Australasian botanic gardens.

As described previously, the earliest botanic gardens were created in Europe but, as Fig. 3.8
shows they are still being founded late into the twentieth century. 3.3% of all European botanic

gardens (10 in the questionnaire) were created in the period before 1600; the countries involved were

Denmark, Germany, Italy, Netherlands and Switzerland. 4.9% (15 out of the world total of 18 in this

questionnaire) were created in the seventeenth century; the principal countries involved were the

same but also included Austria, Eire, France and the United Kingdom. 8.5% (26 in the

questionnaire) were founded in the eighteenth century and 29.3% (90) in the nineteenth century.

53.1% (163) were created in the twentieth century showing that their creation has continued to

proliferate despite the early start. In the first thirty- years of this century 12.7% (39) were created, in

the second thirty year period 17.9% (55) were created and from 1961-1990, 22.5% (69) were created.

In most countries the distribution through time has been fairly proportional to the average; in France

for example, 1 was in the "before 1600" period, 3 in the 1601-1700 period, 3 in the 1701-1800

period, 9 in the period 1801-1900, 3 in 1901-1930, 2 in the 1931-1960 period and 4 in the 1961-

1990 period. Some countries were "late starters"; in Bulgaria, Hungary, Iceland and Albania, for

example, the majority of their botanic gardens were founded in the twentieth century.

The age distribution of gardens, while of immense historic importance is of no direct interest to
this work until cross tabulated with other questions. It will, for instance be interesting to examine if

there is a difference in attitude to conservation, education and plant display method in gardens

founded in different periods and in different places.

Question 2 enquired about the size of gardens. The exact wording was: How large is your

Garden, in hectares?

Summary of Q2 results: world figures. A quarter of all gardens were found to be over 50 ha in

size with the size range 20-49.9ha second with 17.7%. The other sizes were fairly evenly distributed
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with 7.5% of gardens in the smallest size of less than lha. Fig. 3.9 shows the percentage of gardens

falling within each size bracket.
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Fig. 3.8. Foundation dates of European botanic gardens.
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Fig. 3.9. Sizes of the world's botanic gardens, arranged by percentages falling with specified size brackets

Summary of Q2 results: continent figures. It is perhaps surprising to find that Africa has a

higher than average number of small botanic gardens but this surprise may only be associated with
the contradictory mental vision of Africa's vast size; 15.8% fall into the 'less than 1 ha' bracket, the
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highest for any continent. The reason could be due to lack of resources to run such gardens rather

than space restrictions (although two of these small garden are on the Azore Is) because Africa

additionally has a higher than average number of gardens of greater than 50ha; 31.6% against the

average of 24.5%. Fig. 3.10 shows the size distribution of botanic gardens in Africa compared to

world averages.

SIZE: AFRICA

40t

Size brockets
Hi Africa E3 Average

Fig. 3.10. Size distribution of botanic gardens in Africa, compared with world averages

N America, as might be anticipated has fewer than average small gardens (3.8% against the

average of 7.5%) and higher than average large gardens 37.1% against the average of 24.5%). In fact
the smallest two categories are below average and the largest two categories are above average. This
can probably be accounted for by the period in which they developed, the low population density,

plenty of available space, sufficient resources to run large enterprises and size of, especially, trees
that had to be accommodated. Fig. 3.11 shows the information graphically.
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b ig. 3.11. Size distribution of botanic gardens in N America, compared with world averages.
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The figures for S America followed fairly close to average and no obvious trends could be

detected except that the two smallest size categories were below average and the largest size category
was above average. Surprisingly it did not always follow that the smallest gardens were located on

small Caribbean Islands/West Indies and the largest gardens in mainland countries such as

Argentina and Brazil (although Columbia and Chile did contain large gardens). Fig. 3.12 shows the

distribution graphically.
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Fig. 3.12. Size distribution of botanic gardens in S America, compared with world averages.

Asia had fewer than average small gardens and higher than average large gardens- the first four
sizes were all lower than average while the last three were all above average. This may be explained

by the fact that, as shown in Question 1,-many Asian botanic gardens were founded fairly recently

and, as demonstrated in a few pages ahead, botanic gardens have increased in size with time. Fig.
3.13 shows the distribution graphically.
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Fig. 3.13. Size distribution of botanic gardens in Asia, compared with world average.
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Australasian botanic gardens followed a similar pattern to Asian gardens in terms of size and

were highest in the largest size category (>50ha) with 38.5% of botanic gardens falling into this size

category (against N America's 37.1% and an average of 24.5%). The distribution can be seen in Fig.
3.14.
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Fig. 3.14. Size distribution of botanic gardens in Australasia, compared with world average.

Europe contained more than average small gardens (12.1% against the average of 7.5%) and far
fewer than average large gardens (10.4% against the average of 24.5%). This is probably because

many of Europe's gardens were founded in cities which expanded greatly making later garden
extension difficult; many gardens which were originally laid out on green-field sites soon became

completely surrounded by roads and buildings. It could also be argued that the earliest European
botanic gardens did not need much space as not that many plants were known to science; as plants
from America and China were introduced so more space was required. The size distribution of
botanic gardens in Europe can be seen in Fig. 3.15.
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Fig. 3.15. Size distribution of botanic gardens in Europe, compared with world average.
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From the information above obvious trends can be seen such as Europe having greater than

average small botanic gardens and Australasia and N America having greater than average large

gardens. However, by cross tabulating the results of Questions 1 and 2 further trends are revealed,

such as a move through time from small gardens to larger gardens. This information is presented
below in a series of tables and graphs (Tables 3.7-313 and Figs. 3.16-3.23), and is followed by a

summary.

Later in the thesis the size distribution of gardens will be compared with display methods and

policies of the gardens.

Age period: Before 1600

Size Africa N America S America Asia Australasia Europe
range

Nos % Nos % Nos % Nos % Nos % Nos %

< 1 ha 1 0.3%
1-2.9 4 1.3%
3-5.9 3 1.0%
6-9.9
10-19.9 2 0.6%
20 - 49.9
>50 ha

Table 3.6. Numbers of botanic gardens, arranged by continent, founded before 1600 falling within
specified size ranges
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<1 ha 1.0-2.9 ha 3.0-5.9 ha 6.0-9.9 ha 10.0-19.9ha20.0-49.9ha >50 ha
Size brackets

DH Africa ■ N America EH S America
EH Asia □ Australasia EU Europe

Fig. 3.16. Graphic representation of Table 3.6; showing numbers of botanic gardens, arranged by
continent, founded before 1600 falling within specified size ranges
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Age period: 1601-1700

Size Africa N America S America Asia Australasia Europe
range

Nos % Nos % Nos % Nos % Nos % Nos %

< 1 ha

1 -2.9 1 0.6% 1 0.3%
3-5.9 4 1.3%
6-9.9 1 0.6% 2 0.6%
10- 19.9 3 1.0%
20 - 49.9 1 0.6% 3 1.0%
> 50 ha 2 0.6%

Table 3.7. Numbers of botanic gardens, arranged by continent, founded between 1601 and 1700 falling
within specified size ranges
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Fig. 3.17. Graphic representation of Table 3.7; showing numbers of botanic gardens, arranged by
continent, founded between 1601 and 1700 falling within specified size ranges

Age period: 1701-1800

Size Africa N America S America Asia Australasia Europe
range

Nos % Nos % Nos % Nos % Nos % Nos %

< 1 ha 4 1.2%
1 -2.9 5 1.6%
3-5.9 4 1.2%
6-9.9 7 2.3%
10-19.9 1 0.6% 2 0.6%
20 - 49.9 1 2.6%
> 50 ha 1 0.6% 1 0.6% 3 1.0%

Table 3.8. Numbers of botanic gardens, arranged by continent, founded between 1701 and 1800 falling
within specified size ranges

AGE/SIZE/CONTINENT LINK: 1601-1700

H c=l t-
1.0-2.9 ha 3.0-5.9 ha 6.0-9.9 ha 10.0-19.9ha20.0-49.9ha

Size brackets
EDI Africa ■ N America OHl S America
B Asia □ Australasia EH Europe

> 50 ha
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Fig. 3.18. Graphic representation of Table 3.8; showing numbers of botanic gardens, arranged by
continent, founded between 1701 and 1800 falling within specified size ranges

Age period: 1801-1900
Size Africa N America S America Asia Australasia Europe
range

Nos % Nos % Nos % Nos % Nos % Nos %

< 1 ha 1 0.6% 8 2.6%
1-2.9 3 1.9% 1 0.6% 25 8.1%
3-5.9 2 1.3% 2 6.1% 2 1.2% 1 1.5% 13 4.2%
6-9.9 1 0.6% 1 0.6% 14 4.6%
10-19.9 1 2.6% 1 0.6% 2 6.1% 3 1.7% 4 6.2% 10 3.3%
20 - 49.9 1 2.6% 2 1.3% ■ 1 3.0% 3 1.7% 8 12.3% 12 3.9%
> 50 ha 2 5.3% 8 5.0% 1 3.0% 4 2.3% 7 10.8% 7 2.3%

Table 3.9. Numbers of botanic gardens, arranged by continent, founded between 1801 and 1900 falling
within specified size ranges

AGE/SIZE/CONTINENT LINK: 1801-1900

< 1 ha 1.0-2.9 ha 3.0-5.9 ha 6.0-9.9 ha 10.0-19.9ha20.0-49.9ha > 50 ha
Size brackets

HDD Africa ■ N America ED S America
Asia □ Australasia Europe

Fig. 3.19. Graphic representation of Table 3.9; showing numbers of botanic gardens, arranged by
continent, founded between 1801 and 1900 falling within specified size ranges
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Age period: 1901-1930

Size

range

Africa N America S America Asia Australasia Europe

Nos % Nos % Nos % Nos % Nos % Nos %

< 1 ha 2 1.2% 2 0.6%
1 -2.9 1 2.6% 1 0.6% 1 3.0% 2 1.2% 8 2.6%
3-5.9 2 1.3% 3 1.7% 4 1.2%
6-9.9 2 5.3% 1 0.6% 1 0.6% 1 1.5% 5 1.6%
10-19.9 1 2.6% 1 0.6% 4 2.3% 8 2.6%
20 - 49.9 1 2.6% 9 5.7% 1 0.6% 1 1.5% 5 1.6%
>50 ha 8 21.1% 15 9.4% 1 3.0% 7 4.0% 3 4.6% 7 2.3%

Table 3.10. Numbers of botanic gardens, arranged by continent, founded between 1901 and 1930 1600
falling within specified size ranges
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Fig. 3.20. Graphic representation of Table 3.10; showing numbers of botanic gardens, arranged by
continent, founded between 1901 and 1930 falling within specified size ranges

Age period: 1931-1960

Size Africa N America S America Asia Australasia Europ e

range
Nos % Nos % Nos % Nos % Nos % Nos %

< 1 ha 3 7.9% 2 1.3% 1 0.6% 1 1.5% 8 2.6%
1 -2.9 1 2.6% 1 0.6% 2 1.2% 12 3.9%
3-5.9 8 5.0% 3 9.1% 10 5.7% 2 3.1% 11 3.6%
6-9.9 2 1.3% 4 2.3% 11 3.6%
10-19.9 2 5.3% 3 1.9% 2 6.1% 8 4.6% 1 1.5% 4 1.2%
20 - 49.9 3 7.9% 8 5.0% 2 6.1% 19 10.9% 2 3.1% 4 1.2%
>50 ha 1 2.6% 19 11.9% 1 3.0% 23 13.2% 7 10.8% 4 1.2%

Table 3.11. Numbers of botanic gardens, arranged by continent, founded between 1931 and 1960 falling
within specified size ranges
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Fig. 3.21. Graphic representation of Table 3.11; showing numbers of botanic gardens, arranged by
continent, founded between 1931 and 1960 falling within specified size ranges

Age period: 1961-1990

Size Africa N America S America Asia Australasia Europie
range

Nos % Nos % Nos % Nos % Nos % Nos %

< 1 ha 3 7.9% 3 1.9% 1 3.0% 2 1.2% 2 3.1% 14 4.6%
1 -2.9 2 5.3% 5 3.1% 2 6.1% 3 1.7% 2 3.1% 13 4.2%

3-5.9 12 7.5% 2 6.1% 5 2.9% 3 4.6% 12 3.9%
6-9.9 1 2.6% 6 3.8% 2 6.1% 5 2.9% 2 3.1% 9 2.9%
10-19.9 1 2.6% 7 4.4% 1 3.0% 13 7.5% 4 6.2% 8 2.6%
20 - 49.9 18 11.3%- 1 3.0% 19 10.9% 6 9.2% 6 2.0%

>50 ha 1 2.6% 15 9.4% 6 18.2% 18 10.3% 8 12.3% 9 2.9%

Table 3.12. Numbers of botanic gardens, arranged by continent, founded between 1961 and 1990 falling
within specified size ranges
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Fig. 3.22. Graphic representation of Table 3.12; showing numbers of botanic gardens, arranged by
continent, founded between 1961 and 1990 falling within specified size ranges
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Summary of cross-tabulation between questions 1 and 2

1 The oldest botanic gardens were founded in Europe: they tended to be small

2 In the seventeenth century some gardens were founded in Asia but the majority were still in

Europe; sizes became slightly larger.

3 In the eighteenth century the majority of new gardens were still in Europe but a few were founded
in Africa, N America and Asia; in these countries the new gardens were large whereas the

tendency in Europe was for middle size gardens.
4 In the nineteenth century new botanic gardens were being created all over the world but the

emphasis was still in Europe; however, in Europe gardens were being created in all sizes (with a

slight bias towards medium and small) but in other parts of the world the tendency was definitely
for larger gardens.

5 In the first 30 years of the twentieth century the trend was similar to 4, above, although a few
small gardens were created in Africa , N America and Asia.

6 During the period from 1931-1960 the trend was still as above but with many large new gardens

being created in Asia particularly; in Europe new gardens tended to be of medium to small size.
7 During the 1961 to 1990 period new gardens of all sizes have been created in almost all parts of

the world. African and European gardens have tended to be small whereas N American, Asian
and Australasian gardens have tended to be large. In S America gardens of all sizes have been

created in fairly even proportions, though 18% have been of greater than 50 ha.

Question 3 asked "How is the Garden (again meaning the whole institution) funded" ?;

respondents were asked to name only the single most important source.

Summary of Q3 results: world figures. The responses to the question reveal that Governments

(27.2%, representing 211 botanic gardens in the questionnaire) and Universities (29.5%,

representing 229 responses) were by far the greatest financial supporters of botanic gardens. These

figures very much reinforce the fact that botanic gardens are institutions of science, research and

education rather than up-market parks. Town Councils funded 13.8% (107 responses), "Other" was

next with 11.0% (85 responses). This figure was high compared with the rest of the 'Other' responses
and shows that the author should, perhaps, have anticipated more categories.

A brief analysis of the "Other" responses showed the following:
1 14 were from USSR representing 16.7% of their botanic gardens, 12 came from USA representing

9.0% of their gardens, 5 were from the Netherlands representing 20.8%, 5 from UK, representing

15.2%, 4 from Australia representing 11.4%, 2 countries had 3 responses, 8 had 2 responses and
19 had one response.

2 If "Other" was scored in the questionnaire, respondents were asked to specify; the results were as

follows:

- 20 respondents quoted "Private" as their main source of funding (3 from USA, 2 from Japan, the
rest were evenly spread)
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- 15 were left blank, were illegible or could not be translated (the distribution was evenly spread),
- 10 quoted joint funding such as government and university or local authority and admission fees

(the distribution was evenly spread),
- 7 quoted Academies of Science, which could probably have been placed in "Government" (all of

these were in USSR or USSR controlled countries),
- 4 quoted plant sales,
- 4 quoted friends organisations or garden membership,
- the remainder were varied but could often have been placed in existing categories.

Of the rest of the suggested categories Endowments accounted for 6.1% (representing 47 responses

in the questionnaire), public support for 5.3% (41 responses) and Museums 1.0% (8 responses). Fig.
3.23 illustrates the distribution.
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Fig. 3.23. Major funding agencies of the world's botanic gardens.

Summary of Q3 results: continent figures. On a continental basis major differences from the

average, described above, were revealed. In Africa two-thirds of all Botanic gardens (65.8%) were
Government funded and a quarter (23.7%) were University funded. Fig. 3.24 shows the distribution.

In N America, with its strong history of public support for the arts and sciences only a fifth of

botanic gardens(21.4%) were Government funded. This figure is almost the same as University
funded (20.8%) and those funded by Endowments (18.9%); 15.1% were funded by Public Support. If
Public Support and Endowments were added together statistical evidence shows that there is a highly

significant difference between botanic gardens funded in this way in N America compared with other

continents (see below). Fig. 3.25 shows the major funding agencies of N American botanic gardens

compared to the world average.
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FUNDING AGENCIES: AFRICA.

Government Town Coun. University Museum Endowment Public Sup. - Other
Agencies

■ Africa ED Average

Fig. 3.24. Major funding agencies of Africa's botanic gardens compared with the world average.

The hypothesis for the statistical analysis described above was that there was no difference
between the numbers of gardens funded by endowments and public support taken together in N

America compared with the figures in other continents. After N America. Europe, with 23, had the

next highest figure for these two funding sources taken together and so the figures for these two
continents were compared statistically. Chi-square was calculated as 53.211 and using 1 degree of
freedom the result was 0.001 <P showing that there was a highly significant difference and that the

hypothesis was wrong. (The statistical evidence for this analysis is presented in Appendix IX).

FUNDING AGENCIES: N AMERICA
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Fig. 3.25. Major funding agencies of N America's botanic gardens compared with the world average.
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In S America funding agencies were in line with the average: Governments and Universities were

the largest funders (36.4% and 30.3% respectively). Town Councils and 'Other' appeared in the

middle of the list with Museums, Endowments and Public Support at the bottom. Fig. 3.26 shows the

major funding agencies of S American botanic gardens compared to the world average.
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Fig. 3.26. Major funding agencies of S America's botanic gardens compared with the world average.

In Asia the same pattern as that for S America was shown. It should be noted that Asia was

highest in the 'Other' category with 14.9%. Within the USSR which accounted for 14 of the 'Other'

responses, 5 were funded by the Academy of Sciences, 2 by landowners, 2 by research stations and in

5 cases no information was given. Fig. 3.27 shows the major funding agencies of S American botanic

gardens compared to the world average!

FUNDING AGENCIES: ASIA

Government Town Coun. University Museum Endowment Public Sup. Other
Agencies

■i Asia EQQ Average

Fig. 3.27. Major funding agencies of Asia's botanic gardens compared with the world average.
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In Australasia, Governments were again the largest funders of botanic gardens (38.5%) but Town

Councils came second with 26.2%. This Town Council figure was the highest of any continent and

was 10% ahead of the second highest (Europe with 16.3%). Again, unlike other continents

University funded Gardens were the lowest of any continent (12.3%) and were almost 10% below the

second lowest (N America with 20.8%). Fig. 3.28 shows the major funding agencies of Australasian

botanic gardens compared to the world average.

FUNDING AGENCIES: AUSTRALASIA
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Fig. 3.28. Major funding agencies of Australasia's botanic gardens compared with the world average.

In Europe Universities were by far the single largest funders of botanic gardens with 40.7% of

gardens being funded by this source. Not only is this figure 10% higher than the University figure for

any other continent (S America second with 30.3%) but it is also larger than the second and third

placed agencies combined (Government 16.3% and Town Councils 16.3%). Texts which deal with

the history of botanic gardens (for example Stafleu, 1969) show that virtually all the old established

botanic gardens were created by Universities and only in the twentieth century, when, perhaps, the

largest one or two in each country became too large to be funded by Universities were they taken over

by Governments. Typically then, in Europe, each country has one or two large Government funded

botanic gardens and several smaller but important University funded gardens. Some of the figures,
taken from the questionnaire results show this well on a country basis: Austria 2 government, 3

University; Belgium 2 government, 3 University; in Bulgaria this is reversed with 2 Government and
1 University; Czechoslovakia 1 Government, 5 University, Denmark 2 of each; Eire 1 of each;
Finland 2 Government, 4 University, W Germany 11 Government, 23 University; UK 5 Government,
14 University. Fig. 3.29 shows the major funding agencies of European botanic gardens compared to

the world average.
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Fig. 3.29. Major funding agencies of Europe's botanic gardens compared with the world average.

This question, dealing with sources of funding, is very important and will be used to cross

tabulated with many other questions, for example: policy (Q4), research activity (Q8-16), plant

emphasis (Q22), display method (Q23), conservation policy (Q24-26), entry fee (Q27) and resultant
influence (Q28), curatorial attitude (Q29) and educational policy (Q30-34).

Question 4 asked: What are the three most important stated policies of your
Garden/Institution? Respondents were asked to tick any combination of three and but were not

asked to place them in order of priority. It should be noted that, as respondents were asked to tick
VH

three categories, the totals given in Appendix ^ are three times higher than normal. A brief 'Analysis
and discussion' is given within each continent's result rather than at the end.

Summary of Q4 results: world figures. Public education and conservation with 20.7% and 19.8%

respectively (482 and 460 responses respectively in the questionnaire) were clearly stated as the most

important policies of botanic gardens; supply of teaching material was third with 13.1% (304

responses). Many of the most prominent botanic gardens might argue that taxonomic research was

the prime policy of botanic gardens and it is perhaps surprising to see that this category, at only 9.4%

(219 responses), was not greatly different to the fifth most important function- the provision of high

quality urban greenspace (7.8%, representing 181 responses). Additionally, it calls into question the
definition of a botanic garden as described in Chapter 1.2, but this issue will be explored later. Even
if "Other Research" is added to the taxonomic figure the sum is still only 12.8% which does not

affect the place of taxonomic research. Horticultural Trials were next with 4.9% (113 responses)
followed by "Other Research", 3.4% (79 responses), horticultural training, 3.2% (74 responses),
"Other Policies", 2.9% (68 responses) and management of natural parks, 2.6% (61 responses). It
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should be noted that in 6.0% of cases the question was left blank and that in a further 6.4% of cases
the answer was 'spoilt', usually by ticking too many boxes. It should also be noted that these two

figures combined (giving 12.4%) could have influenced the order of results, had they been distributed
to scoring the question correctly. Fig. 3.30 illustrates the results of this question.

There were few trends within the comments made under 'Other research' and 'Other policies'

showing that no major policy areas had been omitted from the questionnaire. Some of the entries in
'Other research' included: research on the production of forestry and agroforestry trees, botanical
research (i.e. not just taxonomy), ethnobotany, ethnoecology, genetics, ecological restoration,
conservation of animals, cytology, and urban plant research. Some of the entries in 'Other policies'
included: production of seed, testing tree hardiness, university teaching, display of garden design,
"the serious study of the Impressionist period (of art) and of antique porcelains", historical garden

preservation, exhibitions and cultivation of rare plants.
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POLICIES OF BOTANIC GARDENS: WORLD
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Fig. 3.30. Policies of botanic gardens

Legend for Figs. 3.30 -3.36.
Space on the graphs was limited; the numbers on the X-axis (Policies) are as follows.
Policies:

1 Taxonomic research
2 Public education
3 Horticultural training
4 Provision of quality urban greenspace
5 Supply of plant material for teaching/research
6 Horticultural trials
7 Conservation of native and/or exotic plants
8 Management of natural park
9 Other research
10 Other policies
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Summary ofQ4 results: continent figures. Fig. 3.31 compares the responses for Africa with the

average. While the figure for taxonomic research was higher than average (14.0%, compared to the

average of 9.4%), it was lower for public education (14.9%, compared to the average of 20.7%). (It

should be noted that the number (as opposed to the %) responding to this part of the questionnaire
was 16 gardens in Africa compared to 90 in Europe; yet in percentage terms this gives 14.0% for

Africa and only 9.8% for Europe, so caution must be exercised when interpreting figures in this, and

other, questions). The reason for this lies with the numbers involved: most countries have one or two

government funded gardens that carry out taxonomic or other research and then a number of other

gardens that carry out a whole range of activities including taxonomy and other research. In Africa

there are only one or two gardens in each country which explains the high proportion while in other

countries, especially in Europe and N America there are many others carrying out many other

activities. Figures for other policies were broadly in line with the average.

POLICIES OF BOTANIC GARDENS: AFRICA
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Fig. 3.31. Policies of African botanic gardens compared with the world average. (See Fig. 3.30 for the X-
axis legend).

In N America the figure for taxonomic research was the lowest of any continent (5.9%). This

figure adds weight to the opinion that in N America botanic gardens are viewed and managed in a

different way to, for instance, European botanic gardens. In Europe many consider that a botanic

garden has to carry out taxonomic, or other, research to justify the name. In N America the view is

held that almost any garden can be a 'Botanical Garden' as long as it carries out some activity such as

trials, education, gardening classes or conservation; this issue is described in further detail later. The

facts above are also borne out by the figures; public education at 27.7% was higher than in any other

continent and it was also more than 10% above the second placed activity, conservation, which
scored 16.8%. If 'other research' was added to taxonomic research the figure was still only 10.7%.

Supply of teaching material and horticultural training were both lower than average at 8.8% and
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2.7% respectively. On the other hand provision of quality urban greenspace and horticultural trials
were both above average at 10.5% and 7.5% respectively. The latter result is not surprising as

running trials of plants suitable for local gardens is frequently quoted as a major function of the,

particularly local, botanic gardens. The policy trends for N American botanic gardens are illustrated

in Fig. 3.32.

POLICIES OF BOTANIC GARDENS: N AMERICA
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Fig. 3.32. Policies of N American botanic gardens compared with the world average. (See Fig. 3.30 for
the X-axis legend).

In S America the figures were close to the average throughout. Conservation at 24.2% compared
to the average of 19.8% was the highest category perhaps reflecting recent concerns about species
and environment loss and equally reflecting the rapid increase in the number of botanic gardens (see

question 1). Public education was second with 20.2% compared to the average of 20.7%. The policy
trends for S American botanic gardens are illustrated in Fig. 3.33.

In Asia conservation was also higher than the average (23.0%, compared to the average of

19.8%); this placed Asia third highest in this category (S America first and Australasia second).

Public education was the lowest of any continent (14.4%). Horticultural training was higher than

average with 7.5% and horticultural trials were also high with 6.9%, putting Asia second highest in
this category. Otherwise Asia was close to the average. The policy trends for Asian botanic gardens
are illustrated in Fig. 3.34.
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Fig. 3.33. Policies of S American botanic gardens compared with the world average. (See Fig. 3.30 for the
X-axis legend).

POLICIES OF BOTANIC GARDENS: ASIA
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Fig. 3.34. Policies of Asian botanic gardens compared with the world average. (See Fig. 3.30 for the X-
axis legend).

In Australasia conservation was highest with 24.1% and was second highest of any continent

perhaps reflecting the high number of endemics and endangered plants and the level of public
awareness (particularly in Australia). Public education was also high at 23.6%: a comment on this is

made in the paragraph below. Horticultural training was high at 7.2% against the average of 3.2%
which put it second highest in that category. Supply of teaching material was lowest at 7.7% whereas

management of natural parks was high at 6.2% compared to the average of 2.6%. "Other research"
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and "Other policies" were both lowest of any continent with 1.5% each. The policy trends for
Australasian botanic gardens are illustrated in Fig. 3.35.

POLICIES OF BOTANIC GARDENS: AUSTRALAS.

Policies
■ Australasia ED Average

Fig. 3.35. Policies of Australasian botanic gardens compared with the world average. (See Fig. 3.30 for
the X-axis legend).

It is interesting to note that many consider that one of the best ways of achieving conservation

aims is to educate the public and one would therefore expect to see conservation figures and public
education figures to be close to one another. In some cases this was true, for example Australasia

(24.1% and 23.6%) and Europe (18.0% and 20.8%) but in others it was not the case, for example
Africa (20.2% and 14.9%), S America (24.2% and 20.2%) and Asia (23.0% and 14.4%). These

figures may suggest that public education is seen as a "luxury" because the figures are higher in

developed countries rather than in developing countries. In all cases except Europe public education
scored lower than conservation, however, in N America not only are these places reversed, but the

figures are very different- 16.8% for conservation and 27.7% for public education (10.6% difference)

(in Europe the figure was 18.0% for conservation and 20.8% for public education- only a 2.8%

difference).

Europe was close to the average in all categories, which was perhaps not surprising as it has the

largest number of gardens and could be said to impose a bias on the average in this, and all,

questions. The main point of note is that Europe emerges high in the figure for taxonomic research

(but still second to Africa). All sources of information (written texts, the questionnaire, interviews
and visits) reinforce the attitude held by botanic garden managers that in Europe taxonomic research

is viewed as the main reason for the existence of botanic gardens and all other activities are a

consequence of this. In other continents this attitude is not so strongly held. These attitudes are

described in more detail in other chapters or sections, such as the results of the interviews. The other

deviation from average was in the provision of quality urban greenspace which scored only 4.8%

compared to the average of 7.8% and put Europe second from the bottom in this respect. This can be
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accounted for by the fact that most European botanic garden managers hold the view that any quality
urban greenspace within botanic gardens is a consequence of its other policies not a major policy in

itself, even though they would not be antagonistic to this consequence. This attitude difference also

emerged in the interviews and is further explained later. The policy trends for European botanic

gardens are illustrated in Fig. 3.36.

POLICIES OF BOTANIC GARDENS: EUROPE

Policies
H Europe EH Average

Fig. 3.36. Policies of European botanic gardens compared with the world average. (See Fig. 3.30 for the
X-axis legend).

Question 5 asked: Does your garden manage or own outstations or satellite gardens? The

question was included to enquire about the extent to which gardens had acquired other sites, away
from base to grow plants. Often this was done to extend the climatic range and therefore increase the

number of taxa that could be grown by the garden. RBGE, for example, has three such outstations or
satellite gardens and while distance apart is not great, climatic differences are considerable allowing
the institution as a whole to cultivate a greater number of plant species. Outstations are often less

formal than the home institution and may include areas of native flora; typically they do not carry out
as much research as the main base but may well be involved with local conservation and education

issues. Often they have been private gardens that could no longer be maintained by the owners.

Summary of Q5 results: world figures. 27.8% of botanic gardens (representing 216 responses

in the questionnaire) manage or own outstations or satellite gardens; 69.3% (538 responses) do not.
2.8% did not respond.

Summary of Q5 results: continent figures. Fig. 3.37 shows the distribution, by continent, of
botanic gardens that manage or own outstations or satellite gardens. S America was highest with

33.3% and N America was lowest with 22.6%. The average was 27.8% and the figures show that

there was not much deviation from the average. Analysis and discussion is not relevant at this stage.
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Eig. 3.37. Percentage of botanic gardens owning or managing outstations or satellite gardens.

Question 6: Is your garden an outstation or satellite of another Garden/Institution? This

question was asked specifically as it was felt that if a large number responded positively it may

possibly have affected other results. The reason for this was that a satellite garden or outstation

probably does not, usually, carry out the same range of policies/functions as the parent institution.
For instance it is likely that the parent institution carries out research or is involved in training
courses but it is unlikely that a satellite garden does; its function is probably to extend the range of

species that can be held by the whole institution, or if it manages an area of natural vegetation, to

carry out conservation objectives. While being part of the same institution and carrying out

complementary roles which fulfil the policy of the whole institution it might be possible, within this

questionnaire, to get the impression that they carried out separate functions.

Summary of Q6 results: world figures. 12.5% of botanic gardens (representing 97 responses in
the questionnaire) are outstations or satellite gardens of another Garden/Institution; 82.7% (642

responses) are not. 4.8% did not respond.

Summary of Q6 results: continent figures. The result shows that a very similar percentage in
each continent were satellite gardens of other botanic gardens. The average was 12.5%. with S
.America the highest at 18.2% and N America the lowest at 10.7%. In the analysis of the other
questions in the questionnaire the problem of being, or not being, a satellite garden can therefore be
ignored. Had the figures been very variable all satellite gardens would have been removed from the
survey. Graph 3.38 shows the distribution, by continent, of botanic gardens which are satellite
gardens or outstations of other botanic gardens. It will be interesting to correlate conser/ation issues
with this question to determine if a high number of satellite gardens have been acquired to

accomDlish conservation goals.
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Percentage of botanic gardens which are satellite gardens or outstations of other botanic

Question 7. Very approximately what percentage of your whole budget is spent on live plant
collections (the Garden), Research and Public Education? This question was included to fmd out

the proportion of the institution's finances spent on these three main areas. The results should, in

broad terms, coincide with the results from Question 4 which enquired aboutmajor policies. It
should be noted when interpreting the figures from the question that there was a high "0" response

rate, perhaps indicating a lack of understanding of the question, lack of knowledge of the answer, or,

possibly, an unwillingness to divulge the information.

Summary of Q7 results: world figures. The world figures show that gardens accounted for the

highest proportion of budgets. Only 28.4% (representing 220 responses in the questionnaire) spent
less than 20% of their whole budgets on gardens; 27.7% (215 responses) spent more than 60% of

their budgets on gardens. The rate of decline from the 0-20% category to the 81-100% category (the

"tail-off' figure) was less rapid than in the other two categories (research and education). Fig. 3.39
show the trend on a world basis.

Research accounted for the second highest proportion of budgets with 51.5% (400 responses) of

gardens spending less than 20% on this area. The figures "tail-off' rapidly as can be seen in Fig.

3.40, (16.2%, 8.4%, 2.8% and 3.0% in each of the ranges respectively), but not as fast as with public

education.
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Fig. 3.39. Proportion of budget spent on the garden side of the world's
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Fig. 3.40. Proportion of budget spent on research side of the world's botanic gardens

The least amount ofmoney was spent on public education; 64.2% (498 responses) spent less
that 20% of their budget on this. This appears to be at odds with the results from Question 4 which

showed that public education was stated as the single most important policy of botanic gardens
world-wide. The explanation could be that education is indeed important, but relatively cheap. Fig.
3.41 shows also that the figures "tail-off' rapidly (with 12.2%, 4.1%, 1.5% and 1.8% respectively in
the next four categories).
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Fig. 3.41. Proportion of budget spent on public education within the world's botanic gardens.

Summary ofQ7 results: continent figures. Fig. 3.42 shows the pattern of expenditure in Africa.

Funding on the garden side of institutions was low in Africa with 36.8% of botanic gardens spending
less than 20% compared to the average of 28.4%. The 21-40% and 41-60% figures were slightly
lower than average, the 61-80% was 5% higher than average but the 81-100% figure, at 2.6%, of

gardens was greatly lower than the average of 11.5%.

The figure for research in the 0-20% bracket was 39.5%, 12% lower than the average of 51.5%.
The inference here is that if Africa spends least in the lowest bracket then it spends more in the

higher brackets. The 21-40% figure was close to average but both the next two brackets were higher-

41-60% was 13.2% compared to the average of 8.4% and 61-80% was 5.3% compared to the average

2.8%. However, the 81-100% figure was 0.0% compared to the average of 3.0%. The results from

this question correlate very well with those from Question 4 which showed that Africa rated

taxonomic research and other research very highly as policies. Although the correlation is good it

should be noted that Africa scored highly (26.3%) in the "0" box showing that there could be a good

deal of latitude in the results.

Least money was spent on public education; 68.4% of gardens spent less than 20% of their total

budget on this item. This also correlates well with the results from Question 4 which showed that

Africa rated public education very low as an important policy. If the scores in all the other brackets
for public education were added together the figure for a combined 21-100% bracket would come to

only 10.5% showing a rapid tail-off from the 0-20% figure.
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Fig. 3.42. Expenditure on the Garden, Research and Public Education in African botanic gardens,
compared to the world average.

In line with other continents N America?botanic gardens spent most of their budgets on the

garden side of their operation. 27.7% of gardens spent less than 20% of their total budget on this

area which was near to the average of 28.4%. The remaining categories were fairly close to the world

average, even the highest category, 81-100%, was close with 10.7% of gardens spending this

proportion on their gardens compared to a world figure of 11.5%. The figures indicated that least

was spent on research in N America compared to other continents. 65.4% of gardens spent less than
20% of their total budget on research; the average was 51.5%. N America scored higher than any

other continent in this category (i.e. showing that expenditure was least). Additionally, the 'tail-off
was rapid, the figures being below average in each of the four remaining categories.

N America was second lowest in the public education figures, the 'tail-off was slower than in
other continents and the figures were higher than average in all categories except the first and last.

These facts combined show that in N America more than average resources are put towards public
education.

All the figures from N America correlate very well with the answers from Question 4. The

pattern of expenditure can be seen in Fig. 3.43.

The gardens part of S American botanic gardens took the majority of funds even though 33.3% of

botanic gardens spent less than 20% on this part of their institution (compared to the average of

28.4%). The most important figure here was in the 81-100% category where 21.2% of gardens spent

this proportion of their budgets on their gardens, a figure almost double the average of 11.5% and the

highest of any continent. Research was shown to take a small proportion of funds- 60.6% were in the

0-20% category (second lowest only to N America); thereafter the figures dropped off faster than
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Fig. 3.43. Expenditure on the Garden, Research and Public Education in N American botanic gardens,
compared to the world average.

average. The highest figure for S America in the 0-20% category was for public education with

63.6%, but this was similar to the world average of 64.2%; thereafter the figures dropped off rapidly
at a rate of faster than average (except in the 61-80% category). In line with other continents there

was a high "0" response- 21.2% compared with an average of 17.8%. The figures for S America were

generally close to average, as they were also for Question 4; there was therefore a close correlation

between the scoring in the two questions. The pattern of expenditure for S American botanic gardens

can be seen in Fig. 3.44.
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Fig. 3.44. Expenditure on the Garden, Research and Public Education in S American botanic gardens,
compared to the world average.
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Asia, like Africa, produced very similar profiles for the Garden and Research scores; 37.9% of

botanic gardens spent less than 20% on the garden side of their operation; the rest of the scores were

similar to average except for the 81-100% category which was, like Africa, much lower than average

(3.4% against the average of 11.5%). The figure for research in the 0-20% category was the lowest of

all continents (35.6%) and therefore much lower than the average of 51.5%. The other categories
were consequently higher than average, in some cases greatly so (24.1% in the 21-40% category,

compared to the average of 16.2%, and 20.1% in the 41-60% category, compared to the average of

8.4%; the last two categories were also above average but not greatly so). These figures therefore

show that S American botanic gardens spend more than average on research and this correlates well

with the answers from Question 4. Least was spent on public education with 58.6% of gardens

spending less than 20% on this function (compared to the average of 64.2%). The figures for Asia in
this respect were similar to the average throughout and therefore arouse little interest. The pattern of

expenditure for Asian botanic gardens can be seen in Fig. 3.45.
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Fig. 3.45. Expenditure on the Garden, Research and Public Education in Asian botanic gardens,
compared to the world average.

Expenditure in Australasian botanic gardens was higher than average on the garden side even

though 32.3% of gardens spent less than 20% on this item (compared to the average of 28.4%). The
trend shows most strongly in the last two categories which were both much higher than average

'(20.0% in the 61-80% category, compared to the average of 16.2%, and 20.0% in the 81-100%

category compared to the average of 11.5%). Research spending was comparable with North and

South American botanic gardens; 60.0% of gardens spent less than 20% of their budget on this item

(compared to the average of 51.5%); thereafter the figures dropped away faster than average except

for the 81-100% category where the figure was 4.6% against the average of 3.0%. Least was spent on

Public Education despite a higher than average showing for this policy in Question 4. The figures
indicate that in Australasia public education takes a smaller proportion of the budget than in any
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other continent; 73.8% of botanic gardens spend less than 20% of their budget on this area of their

operation (the average in this category was 64.2%). Additionally, the figures 'tail off more quickly
than average, further consolidating this trend. The pattern of expenditure for Australasian botanic

gardens can be seen in Fig. 3.46.
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Fig. 3.46. Expenditure on the Garden, Research and Public Education in Australasian botanic gardens,
compared to the world average.

The figures show very clearly that European botanic gardens spent a large proportion of their

budget on the garden side of their institution; only 20.8% spent less than 20% of their budget on
their gardens (compared to the average of 28.4%); the 21-40% category was also lower than average

but all the other figures were higher than average. This trend can be seen in Fig. 3.47. The figures
for research and public education were close to average which can also be seen in the graph. These
results link well with the figures from Question 4 which, for Europe, also showed little deviation

from average.

It should be noted that a critic could comment on the fact that these figures simply indicated that

garden labour was expensive in developed countries and cheap in developing countries!

3.7 Brief summary and conclusions from Chapter 3
1 In order to gather the data needed to complete this study a questionnaire and interviews were

instigated.
2 The questionnaire, which included 69 questions, was split into four Parts: Part 1, General

background information, Part 2, Research, Part 3, Garden management and conservation and

Part 4, Public education. It was translated into seven languages and sent to all 1457 botanic

gardens in 125 countries.
3 The interviews were conducted during three study tours; the fust to Dutch and German botanic _

gardens, the second to botanic gardens of the USA and the third to Indian and Sri Lankan botanic
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gardens. Semi-structured interviews, based on set questions, broken down into three major
sections were constructed- research, public education and garden management (including

conservation). In total 132 botanic garden staff were interviewed.
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Fig. 3.47. Expenditure on the Garden, Research and Public Education in European botanic gardens,
compared to the world average.

4 A number of visits to other botanic gardens were made to gather data and information for case

studies; this included visits to many of Britain's botanic gardens. Such visits were arranged on a

more ad hoc basis than those above and even though interviews took place, they were not
conducted and recorded in such a formalised way as those described above.

Part 1 of the questionnaire
5 It was noted that Part 1 was not perhaps significant in its own right and would only reveal its true

- value when used to cross reference with aspects from the other Parts, such as research and public

education. For this reason there is little analysis and discussion from each question.
6 776 questionnaires were returned, representing a response rate of 53.3%. The highest response

rate was from Australasia (64.4%), the lowest from S America (34.4%). Significant differences in

response rate between different language groups were identified e.g. between French and German

speaking groups (the latter were better) and English and German speaking groups (again the

latter were better, but a further test showed that it was those for whom English was a second

language that returned the lower response rate).

7 The earliest botanic gardens were created in Europe, and more were being created in Europe than

elsewhere up until 1800. Between 1800 and 1900 Australasia, Europe and, to a lesser extent, N

America, led in this respect. A third of the world's botanic gardens have been built in the last

thirty years and it was noted that the foundation of botanic gardens paralleled the historical
fortunes of the continents concerned.
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8 A quarter of all botanic gardens are over 50ha whereas 7.5% are below lha. There is a correlation

between date of foundation and continent; for example, there are many, small, old gardens in

Europe and many, large, new botanic gardens in Australasia and N America.
9 Most botanic gardens are government or university funded reflecting that they are more than just

'pretty gardens' but that they exist, or have existed, for other reasons such as education,

conservation or research. Funding trends are not even across the world and it was noted that in N

America, for instance, government and university funding were lower than average and
endowments and public support were higher than average.

10 Public education and conservation were the most important policies of botanic gardens world¬

wide with taxonomic research remarkably low at 9.4% of botanic gardens scoring this activity
within their three most important stated polices. Again, these polices were not consistent across

the world, for instance, Africa and Asia were low on public education.

11 Just over a quarter of botanic gardens owned or managed outstations or satellite gardens and

12.5% of botanic gardens were themselves an outstation or satellite of another botanic garden.

Responses were fairly even across the world.
12 The garden side of botanic gardens consumed by far the largest proportion of funds; in over 10%

of cases the garden side consumed 81-100% of a botanic garden's total budget but this trend was

not evenly spread across the world. In Africa, for instance, only 2.6% of gardens devoted this

proportion to the garden side while in S America and Australasia the figure was over 20%.
13 Considerably less was spent on research; in over 50% of cases less than 20% of the total botanic

garden budget was spent on research and in only 3% of cases was more than 81% of budget spent
on research.

14 Public education accounted for the least proportion; in over 64% of cases less than 20% of the

total botanic garden's budget was spent on public education and in only 1.8% of cases was more
than 81% of budget spent on this aspect. Most continents were close to average except for
Australasia where considerably less was spent on public education, as a proportion of total

budget, than elsewhere.
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CHAPTER 4. USE OF LIVE PLANT COLLECTIONS TO SUPPORT BOTANIC GARDEN

RESEARCH.

4.1. Introduction

Fig. 4.1 The support of plant-based research is one of the prime functions of live plant collections in
botanic gardens

The definitions of botanic gardens given in Chapter 1.2, though varied, indicated that plant

research, or at least some type of plant-based investigation, was implicit in the nature of botanic

gardens. Botanic gardens are institutions where plants have traditionally been grown for purposes
other than simply for visual enjoyment; education, conservation and particularly research figure

highly on most botanic gardens' lists of roles, functions or objectives. This chapter describes the types

of research currently undertaken by botanic gardens and gives examples of gardens doing such work.
While classical taxonomic research was almost the only type of research being undertaken up until

the 1960s this narrow focus has expanded greatly in recent years to include new approaches to

taxonomy (such as cladistics and cytogenetics) as well as new forms of research (such as

conservation biology and ecology). These are all described and examples given. Further on, in
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section 4.5, the ways in which live plant collections can contribute to these types of research are

described and again, examples are given.
It is important to stress at the outset the value of research at botanic gardens. To start with,

few other institutions have the mix of resources and staff skills that allow such research to take place.

In addition the nature of the research is highly specialised and highly focused in order to ensure

continuity of funding and the necessary levels of skills and excellence. The research outputs from
botanic gardens are often considered of fundamental importance and are a necessary prerequisite to

other stages of plant-based research. Over and above this the research-orientated nature ofmany
botanic gardens can give their live plant collections a real focus for existence and allow the

horticultural staff to cultivate and record their plants in a genuinely organised and methodical way.

This is often not the case in botanic gardens that lack a scientific focus; the live plant collections

often exist 'in limbo' somewhere between an aesthetic garden and a scientifically-based garden

without ever achieving the best of either.

The value placed on the live plant collections by scientific staff and the extent to which they

are used is investigated in the questionnaire (Part 2) and the study tour interviews (Part A). These

two surveys form an important foundation upon which to describe the nature of scientific work in
botanic gardens and the role of the live plant collections. For ease of reading a summary of findings
from the surveys is placed near the start of the chapter (section 4.3) while the surveys themselves,
which are rather lengthy, have been placed near the end (sections 4.6 and 4.7).

One of the main issues or criticisms that is often laid before gardens that do have a scientific

basis is the question of whether the amount of usage the live plants get warrants their existence. This

question is not answered here, but at the end of the thesis in Chapter 8 where all the relevant issues
are described.

4.2. Literature review

There have been very few recent descriptions of the role of live plant collections in supporting

research, which, in itself can be regarded as significant. Those few that have been traced are

presented below. Occasionally the importance of live plant collections is explicitly acknowledged in

papers presenting research findings, where the sources of plants used are cited in the methodology.
These illustrate the value of live plant collections extremely well and examples are given in section

4.5.

Scholtz (1973) stresses the importance of live plant collections while detailing the

development of Munich Botanic Garden, (founded in 1812); he states that "the study of plant

systematics- that is the science of plant classification, with its modern branches such as

developmental morphology, palynology, cytology and chemo-taxonomy would be virtually impossible
without the resources of the botanic garden. Since it is the common background of all those dealing

with plant life, it provides a liaison between the various botanical disciplines in a way that is not
found in other sciences".
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Heslop-Harrison (1975) states that we are lamentably ignorant of the reproductive systems of

most of the world's flora, and that there remains a pressing need for more research to make a

sufficient impact on the conservation of the world's vegetation. Many problems, he felt, such as those

connected with pollination mechanisms and dispersal, are best tackled in the field. Others,

particularly those requiring laboratory back-up, could be approached effectively using plants in
cultivation. In other words the nature of the work should dictate whether the researcher is brought to
the plant, or the plant to the researcher. Botanic garden collections, if assembled and maintained in

suitable ways, could provide admirable material for such purposes. Ideally, the material for each

species should adequately represent the genetic diversity, and full documentation are essential if

experimental results are to be extrapolated to natural populations. Among the aspects of reproductive

physiology open to investigation in cultivated collections, the following were perhaps the most

significant: conditions for flowering, incompatibility and other features of the breeding system,

conditions for fertilisation and seed set, seed viability and storage, conditions for seed germination
and seedling establishment. Poppendieck's (1975) short paper, for example, describes very well how
the Mesembryanthemum collection at Hamburg Botanic Gardens has been used to support research in

taxonomy and evolutionary biology.
Raven's long and detailed paper of 1981 argues that botanic gardens provide an important

opportunity for pure and applied research in many fields such as morphology, anatomy, cytology,

physiology, biochemistry, autecology, reproductive biology and pathology. Even though many

examples of current research are given in his paper, he states that the opportunities appeared, at

present, to be greatly under-utilised. He cites a number of measures necessary to improve this

situation; such as increased numbers of wild origin plants, the systematic, permanent recording of
the working gardens staffs experience with plants under cultivation, improved systems to register
and locate each garden's holdings and a co-ordination of such things as the individual gardens'

holdings, collecting activities and exchange programmes.

Hubbuch (1992) and Walter (1992) in two separate papers within the same journal describe
the collection of cycads at the Fairchild Tropical garden and illustrate how the collection has been

used for research and education. The collection is probably the most comprehensive in the world and

contains many unique plants. Fairchild is often the only source of germplasm of certain species, and

requests for material come from all parts of the world. Cycads are economically more useful than

many may realise, even though they contain many carcinogens, neurotoxins and mutagens. Cycads
have reportedly been used to produce laundry starch, shampoo, adhesives, fibres, thatch and various

medicinal products. There are reports also of cycads being used to make poisons to kill rats,

criminals and political enemies! Perhaps, more surprising is the fact that parts of some cycads are a

source of food for people around the world, although recent studies in Guam link cycad starch

consumption to a disease which produces symptoms similar to rheumatism, Parkinson's disease and

Alzeimer's disease. Currently, Fairchild is providing cycad material for toxicity studies at the Mayo
Clinic and the University of Texas. This is an extremely good example of the use of live plant
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collections; how else could such large numbers of accurately identified plants from geographically

widespread locations be sampled so readily?
McCook (1992) in a short paper entitled "Garden plants as tools for research" illustrates how

the living collections at Missouri Botanical Garden are used by both in-house and external scientists.
In so doing she shows that such collections are indeed a useful resource, for instance one research

worker from California wanted material from Pseudolarix amabilis for paleobotanical research, the
nearest specimen was the one in Missouri, failing this she would have had to go to eastern China.
She also explains that taxonomists from around the world frequently request leaves, stems or flowers
of a particular species in order to study structure or anatomy. Also, recent advances in molecular

biology allow isolation of genetic material (DNA) from leaves. One taxonomist who visited the

garden collected over 50 different species within the family Liliaceae for a comparative genetic

analysis of that group. She goes on to explain that plant breeders, pharmaceutical companies and
conservation biologists are all making increased demands on the live plant collections. This sort of

activity shows admirably that such collections are needed and are not an end in themselves. Table

4.1, adapted from Cunningham (1993), gives examples of current screening programmes, along with
the sources of material.

Organisation Status of Plant Screening Supplied by Region ofOrigin
Programme

American Nat Cancer Large scale screening of plants, also Missouri BG New York Africa, C. & S.
Inst marine organisms BG Illinois Uni Private America, Mada¬

contractors gascar, S. E Asia,
Australa.

Bristol- Meyers None at present. Evaluating whether Not applicable Taxol material from
to include plants or not. Developed USA
taxol from Pacific Yew

Glaxo Natural products Natural products Commercial and academic South America,
Many therapeutic areas institutions. RBG Kew Africa

Merk, Sharp Dohme Marine organisms, plants and micro¬ New York BG. Work with S. America
Research Labs. organisms INBio, Costa Rica
Monsanto/ Searle Micro-organisms and plants Missouri BG N. America
Sharman Plants based on ethono-botanical Individuals, institutions Trop. S. America,
Pharmaceuticals information and Gov. Depts. Africa, S.E. Asia
SmithKline Beecham Marine organisms, plants and micro¬ Biotics Ltd., private Malaysia,

organisms individuals & own Micronesia
collectors

Table 4.1. Pharmaceutical companies and research organisations involved in screening plants for new
natural products, showing sources of supply, (Cunningham, 1993).

Taylor (1969) makes an important point about the cultivation of live plant collections to

support research. It is worth quoting in full:
"The provision of one particular kind of specialised collection is, however, likely to

become an increasingly important function of botanic gardens in the near future, and one

which will present problems of a special order to management and garden staff alike. I am

thinking of the detailed and elaborate collections required by cytologists, geneticists and all
those who collaborate in what is loosely known as experimental taxonomy."
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"It is relatively easy for botanic gardens to maintain useful and varied collections of

plants of interest to the general public and to non-specialist students of botany. Most gardens

try to exhibit a reasonable array of plants, which, for one reason or another, are not readily
available for inspection elsewhere, and which cannot be adequately studied from dried and

pressed herbarium specimens. Extensive collections of orchids and tropical plants, ferns, cacti
and succulents have been acquired and are maintained with such ends in view, and might
almost be regarded as traditional features of the botanic garden."

"Useful though such collections may be for general instruction in biology or for work
on plant morphology and physiology, they are not designed to meet the requirements of
advanced taxonomy, at a time when conventional systems of classification are being

everywhere subjected to critical re-appraisal by means of techniques which can operate

effectively only if abundant living material is available. The experimental taxonomist

requires, above all else, precisely localised and fully documented specimens; he may require a

very large range of specimens, even of a single species; he must be assured that this material
has not been contaminated by hybridisation in the course of cultivation and propagation, and
that every care has been taken to ensure that stock plants have not become mixed or

mislabelled."

Gastaldo el al (1991) briefly describe the study of Ephedra altissima which is part of a project
intended to provide data on many exotic medicinal plants present in the Hanbury Botanic Garden at

La Mortola, Italy. The paper concludes by saying that research of this sort is sometimes quite

exclusively possible for a botanic garden, where acclimatised exotic plants can be studied and

collected for analysis all through the year and for many years. Table 4.1 gives some examples of
botanic garden collections that have been pharmaceutically screened.

Green (1986) describes the National (USA) Crabtree Evaluation Program (NCEP), a co¬

operative venture between eighteen locations (mostly botanic gardens) to evaluate crabtrees on a

national basis using criteria such as disease resistance and ornamental qualities. Many of the co-

operators already had extensive crabapple collections at the start and so the Program made good use

of an existing resource. The Chicago Botanic Garden-based 'Chicagoland Grows Inc' scheme,

described in detail later in this chapter in Case Study 4.1 is a good example of a scientifically-based
evaluation scheme that aims to increase the range of plants available in the nursery stock trade. This
and the paper described above illustrate just one aspect of horticultural research within botanic

gardens. Other types do take place although their scope is limited at present (see section 10 of 4.4).

Finally, Steere (1969) in his paper 'Resefrach as a function of a botanic garden' gives an

historic overview of research in botanic gardens starting with the apothecaries' work of the sixteenth

century. His paper particularly emphasises the rise and decline of university botanic gardens and
concludes: "I can safely predict that the major botanical gardens will become more and more

important as centres of research on plants, especially while University botany departments become

biology departments and biology becomes only molecular biology".
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4.3. Summary of questionnaire and interview results
The following is a brief factual summary of the results from Part 2 of the questionnaire which

dealt with research issues and Part A of the interviews which dealt with taxonomy and other

research. Full numerical results of the questionnaire can be found in Appendices V and VI and

tables, graphs, analysis and discussions of the questionnaire and interviews are presented in full in
sections 4.6 and 4.7 respectively.

From the questionnaire:
1. 59.4% of botanic gardens carried out taxonomic or related research; Asia returned the

highest result by percentage (75.3% of Asia's botanic gardens carried out taxonomic or related

research; Africa was second with 71.7%) but Europe had the highest actual numbers of institutions
of any continent (168 giving 54.7%). NB see Footnote 41

2. Government and university funded botanic gardens carried out more taxonomic and related

research than botanic gardens funded by other sources. 70.8% of government funded gardens and

75.5% of university funded gardens carried out such research.
3. In 68.7% of gardens the live plant collections were said to be used to support taxonomic

research (but not necessarily at that botanic garden).
4. Of those gardens in which the live plant collections were said to be used to support

taxonomic research the extent of use was as follows: in 15.0% of cases they were said to be "used

greatly", in 46.1% they were "used moderately" and in 38.9% were "used infrequently".
5. In 34.9% of botanic gardens the live plant collections were considered an "essential" aid to

taxonomic research; in 44.1% they were considered "helpful" and in 7.7% they were said to be

"unimportant".
6. In 49.2% of botanic gardens the live plant collections were said to be the most important

resource for taxonomic research compared to other resources; in 32.9% of cases herbarium material

was said to be the most important resource and 12.0% said that the library was the most important
resource.

7. 22.2% of respondents stated that studying ex situ plants in cultivation was "totally valid"
from a scientific viewpoint compared to in situ study. 48.5% said it was reasonably valid, 1.3% said

it was not valid and 9.3% said it was not valid but they did so because there was often little

alternative.

8. In only 3.7% of botanic gardens were more than 80% of the plants in the live plant
collections used "actively" to support taxonomic research. In 42.7% of botanic gardens less than 10%

were used "actively".

9. It is the Government and University funded botanic gardens that use the largest

proportions of their live plant collections to support taxonomic research.

4 1 _

The results of this question should not be confused with Q4 (see Chapter 3.7) which stated that only 9.4% of botanic gardens
quoted taxonomic research within their three most important functions. The inference here is that almost 60% of botanic gardens
undertake taxonomic research but that less that 10% of them rate this work within their three most important functions.
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10. In 21.5% of botanic gardens scientific staff had "complete influence" over the acquisition
of live plants; in 34.5% of cases they had "moderate influence", in 8.9% of cases they had "no
influence" and in 12.6% of cases they had influence "only with self-collected plants".

11. In 13.5% of botanic gardens scientific staff had "complete influence" over the

management of live plants; in 35.4% of cases they had "moderate influence", in 14.3% of cases they
had "no influence" and in 9.9% of cases they had influence "only with self-collected plants".

12. 30.4% of respondents stated that they thought the taxonomic research staff made
sufficient use of the resource of the live plant collections in their botanic garden, but 46.5% felt that
insufficient use was being made of them.

13. Only 18.7% of respondents stated that they thought that taxonomic research staff made

sufficient use of the resource of the live plant collections in other botanic gardens, and 47.2% felt

that insufficient use was being made of them.

From the interviews:

14. Taxonomic research was by far the most popular type of research carried out in botanic

gardens with 21 out of the 41 botanic gardens visited (giving a percentage of 51.2%) involved in this

type of research. Other research areas included: conservation research, economic botany, plant

biochemistry, ecology, pest and disease research (mostly on ornamentals), pollen studies, genetics,
DNA analysis, physiology, climate change, vegetation migration, mycology and cytogenetics. In 9 of

the gardens visited (21.9%) no research was undertaken and in one garden no research interview

took place, although research was known to be an important function. Little research seemed to be

undertaken in the Indian/Sri Lankan gardens visited except for the taxonomic research at Calcutta,

the ecology and bio-fertilizer work at the University of Burdwan Botanic Garden and the

conservation research at the Royal Botanic Gardens, Peradeniya.

15. In 17 botanic gardens (41.5%) the live plant collections were used to support this
research. In 13 (31.7%) they were used, but stated to be "seldom used".

16. In 13 botanic gardens (31.7%) plants used to support research were grown mostly in the

garden, in 10 cases (24.4%) they were grown mostly in non-public areas and in 7 cases (17.1%) they
were grown in both.

17. When asked what the plants were actually used for 20 (48.8%) stated that they supported
traditional taxonomy, in other words morphological features were studied and measured. Other uses

included observing pest and disease resistance in ornamentals, seed storage and germination trials,

pharmaceutical screening, ecological studies, for pollen, samples for cytogenetics or DNA studies,

experimental taxonomy and propagation trials.
18. In 18 cases (43.9%) interviewees stated emphatically that they would be able to pursue

their research objectives without the live plant collections; 6 (14.6%) more replied in a more

qualified way. Nine (21.9%) replied emphatically that they would not be able to continue; 6 (14.6%)

replied in a more qualified way.
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19. Twenty-three (56.1%) interviewees said that they had a good working relationship with

the horticultural staff who looked after their research plants. Eleven (26.8%) said they had a good

potential relationship but in reality they seldom asked for plants to be grown. No one said the

relationship was poor.

20. Nineteen (46.3%) interviewees said that their research plants were grown to the standard

required. No one said they were not grown to the standard required.
21. Twenty (48.8%) of the scientists interviewed said they had an input into the management

of the plants they carried out their research on. Three (7.3%) said their input was negligible or they
had no input. Other cases were either not applicable or there was no information.

22. There were relatively few constructive ideas about other ways in which the live plant
collections could be used to support research or developments for the future. Four (9.6%) stated

"more of the same", other ideas included; cultivated plant taxonomy, horticultural research,

pharmaceutical research, ecology, conservation, endowments to study specific established collections
and material for DNA studies.

23. Twenty-two (53.7%) said that very small numbers of the live plant collections were used

to support research in their botanic gardens, 5 (12.2%) said that moderate numbers were used, 2

(4.9%) said that more than a moderate number were used and only 1 (2.4%) said that many were

used.

24. Questioned about the role of the plants that were not used for research, 21 (51.2%) said

they were used for education, 26 (63.4%) that they were for display, 9 (21.9%) that they were for

conservation, 2 (4.9%) for horticultural evaluation and 1 (2.4%) that they were for general biological

holdings.

4.4. Types of botanic garden research.
The following review has been compiled partly from information gained from the

questionnaire, partly from interviews on the study tour (especially Q4 of Part A) and partly from
discussions with colleagues. It shows the nature and diversity of research that may take place within
a botanic garden and through that an appreciation of the ways in which the live plant collections may
be used (see 4.5). Few botanic gardens would undertake all the types of research presented below.

Taxonomic/systematic research is the most widespread type of research in botanic gardens and the

description devoted to it below is therefore lengthier than the descriptions of other types of research.
Detailed accounts of aspects of systematic research can be found in the House of Lords Enquiry-

Systematic Biology Research, (House of Lords, 1991).

1. Taxonomic/systematic research. Systematic biology is the science of naming and

classifying organisms both living and extinct, and of investigating the relationships between them. In

other words, it organises organisms into a system. The process of nomenclature and classification is

called taxonomy and the procedure for naming plants is laid down in a set of internationally agreed
rules (for wild plants The International Code for Botanical Nomenclature, for cultivated plants The
International Code ofNomenclature for Cultivated Plants, otherwise known as 'The Horticultural

169



Code'). Ideally, classifications reflect the organisms' evolutionary history (its phylogeny), but this can

never be absolute because there is always scope for some diversity of interpretation. The terms

systematics and taxonomy are often used interchangeably. However, strictly, systematics is the

scientific study of the kinds and diversity of organisms and of any and all relations between them;

this includes taxonomy which is naming and classification. Systematics involves understanding how

organisms relate to one another, how they have evolved through time, and how they function

ecologically, biochemically and physiologically.

The character of taxonomic/systematic research:

Systematic research is carried out at three levels, but most would agree that the boundaries
between them are not sharp.

i Descriptive Taxonomy (so-called 'alpha taxonomy', or 'classical taxonomy') is the base
level of observed systematic biology, involving the first description of new species, usually based on

morphological variations. This will normally have originated in material probably from quite a

limited area, and includes the description and illustration of specimens. The preservation of the
material on which such descriptive biology is done (pressed plant specimens for plants) is an

important feature of such work. 'Type specimens', are vouchers on which species names have been

based. They are regarded by systematists as particularly important as they can resolve any subsequent

dispute over how the name was originally applied by its author.

ii Revisionary taxonomy ('beta-taxonomy'),at various levels of sophistication, may involve a

wide range of techniques of observation, and a wider range of material to give a more comprehensive
basis of description and taxonomic arrangement than 'alpha taxonomy'. Such work might, for

example, produce monographs (see Table 4.3) reviewing all the members of a genus or a family from
the whole of its geographical range.

iii Interpretative taxonomy ('gamma-taxonomy') involves fuller exploration of the basis of

relationship, often with a high level of experimental work or field observation. For example,

investigating the genetic diversity within the range of a species, or the biochemical constituents of a

group of closely related plants. Frequently this involves extensive investigation of a wide range of

living specimens, with an experimental approach such as; plant breeding, cytogenetics, molecular

biology (DNA characterisation), phytochemistry and cryo-electron microscopy. Molecular biology,
for instance, has now made possible the in-depth study of the genetic makeup of organisms at the
molecular level- obtaining the sequence of bases which characterise part of the DNA of individual

organisms. This gives a unique and highly significant way of plotting and analysing the degree of

relationship between individual organisms and betweenmajor groups (see 2v, below). Much of the
best systematic research is a combination of the alpha, beta and gamma approaches.

The uses of systematic/taxonomic research are:

i To add to scientific knowledge by describing the characteristics of the world's plants

(morphological, anatomical, cytological, biochemical, genetic, etc.) and by giving plants

unambiguous names according to the Rules mentioned above.
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ii To facilitate the identification of plants for the benefit of science, technology, and the

public, and to develop predictive classifications.
iii To make systematic information available in appropriate form to such users as botanists,

zoologists, geneticists, foresters, agriculturists, horticulturists, phytochemists, pharmacologists,

landscape architects, amateur botanists and others, and also to decision makers in government and

industry.
iv To contribute towards understanding the plant kingdom, most notably the mechanisms

involved in generating variation, maintaining biodiversity, evolutionary change and the development
of plant shape and structure.

Systematic biology also seeks to understand adaptation; the relationship between structure,

function and environment.

v To provide the basis for decision making and resource management relating to the

conservation and sustainable utilisation of the world's flora. This includes, for instance, investigating

parts of the world's flora that are poorly known. The products are published surveys of biodiversity,
floras (for examples see Table 4.2), monographs (for examples see Table 4.3) and in-depth studies
and analyses. Even in areas that are very well-known botanically such as Europe, there is still a great
deal of basic plant taxonomy to be done, as shown by the revisions necessary for the second edition of

Flora Europaea volume 1, which includes descriptions of several species that were unknown when

the first edition was published in 1964.
vi To facilitate i-v above by holding and curating reference collections of living and preserved

plants and information about plants (for example about plant characteristics and distributions, the
likelihood of extinction, plant uses, etc.)

vii To facilitate plant breeding, research and conservation by creating and maintaining gene

banks, which can take many forms, from collections of living plants to seed banks and collections of

preserved nucleic acid.
viii To use systematic information in environmental and palaeoenvironmental studies, for

example of pollution, acidification, climatic change and so on, through investigation of living,

preserved or fossil plant material.
ix To benefit future users of taxonomic information by developing new approaches to

systematics, (for example, new ways of assessing relationships between plants).
x To ensure the success of future research by training and educating scientists in systematics

and the maintenance (curation) of living and preserved collections of plants. This is especially

important for the developing world.

xi To promote public understanding of plant science issues by providing information and

public education based upon the knowledge of staff, the records contained within the library and the

archives, the living collections, and the preserved collections of the herbarium.

Question 8 of the questionnaire showed that almost 60% of botanic gardens carried out

taxonomic research, however, Q4 showed that in only 9.4% of cases was it classed within the three

most important stated policies of the institution. The interviews suggested that taxonomic research
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was the most popular type of research undertaken with 51% of the botanic gardens visited

undertaking this type of research. Some botanic gardens undertake only one, or a very few,

taxonomic/systematic projects (for examples see Table 4.4) while others such as Missouri Botanical
Gardens and the Royal Botanic Gardens, Kew (see Garden Profiles 12 and 6 respectively in Chapter

2) undertake a vast array of projects; see Fig. 4.2 and Table 4.5 respectively. In addition, it should be

appreciated that many botanic gardens work, not only on Angiosperms and gymnosperms, but also

on the taxonomy of, for instance, lichens, mosses, liverworts and fungi.

Flora of Bhutan; Royal Botanic Garden Edinburgh
Flora Mesoamericana; Missouri BG/BM(NH)/Mexico(UNAM)
Flora Iberica; Real Jardin Botartico, Madrid
Flora of Tropical East Africa; RBG Kew/East African Herb
Flora Maleysiana; Hortus Botanicus, Leiden
Table 4.2. Examples of current Flora projects based at Botanic Gardens.

Legumes of Africa; Royal Botanic Gardens, Kew
Zingiberaceae; Royal Botanic Garden, Edinburgh
Moraeas of Southern Africa; NBG Kirstenbosch/Missouri BG
Geraniaceae; Cambridge University Botanic Garden
Grasses of Japan; New York Botanical Garden
Table 4.3. Examples of current monograph projects based at Botanic Gardens.

Flora of Pennsylvania, Morris Arboretum
Flora ofWashington, Brooklyn Botanic Garden
Bromeliads and Easter Is. flora, Palmengarten
Table 4.4. List of botanic gardens undertaking limited research on specific topics (irrespective of live
plant use).

Fig. 4.2. Map showing areas of the world in which Missouri Botanical Gardens has a taxonomic interest
(irrespective of live plant use). (Anon, 1992).
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* Leguminosae, input into eg Flore des Mascareignes, Flora Zambesiaca & Legumes ofBahia.
* Palmae, input into eg Genera Palmarum.
* Gramineae, work in eg tropical America (Brazil, Bolivia & Ecuador), Arabia & Genera
Graminium.
* Flora Zambesiaca project
* Flora ofTropical East Africa project and input into many other African Floras eg Egypt and
Ethiopia.
* S America
Table 4.5. List of some of the regions and floristic areas in which the Royal Botanic Gardens, Kew has a
taxonomic interest (irrespective of live plant use).

2. Research in support of taxonomic research. So-called classical, or alpha, taxonomy

(described in lii, above) relies essentially on plant morphology, on observing the size shape and

arrangement of parts of plants, especially flowers. Features such as planes of symmetry, ovary

position, petal fusion, stamen number and ovary placentation all have a part to play.

Traditionally, hand lenses and, later, dissecting microscopes were all that was needed in this

process. Technological advances have provided the taxonomic botanist with new techniques that aid

this process and the development of these techniques and equipment is also the research function of

many botanic gardens. Some of these techniques and/or equipment are listed below. They all depend

on plant material, both preserved and fresh and so, again, make demands on live plant collections.

Figs. 4.3 and 4.4 illustrate parts of just two of the techniques which are described in more detail

below.

i) Scanning Electron Microscope (SEM) and Transmission Electron Microscope (TEM):

micromorphological characters and ultrastructural features seen using electron microscopy have had

profound influences on plant taxonomy in the last few decades. These techniques have traditionally

Fig. 4.3. Scanning Electron Microscope
(RBGE)

Fig. 4.4. Cytogenetic and molecular
laboratories (RBGE)
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been applied to dried or otherwise preserved material, but recent advances in freezing mounts or cryo

stages have enabled SEM techniques to be applied to living plants. Five examples of botanic gardens
that do this type of research are listed in Footnote4'2, below.

ii) Cladistics, otherwise known as phylogenetic systematics (which is defined as the study of

biological organisms, and their grouping for purposes of classification, based on their evolutionary

descent) is a special taxonomic system applied to the study of evolutionary relationships. In the

branching diagrams known as 'cladograms' used to portray these relationships, cladogenesis, or

splitting of an evolutionary lineage, always creates two equal sister taxa; the branching is

dichotomous. Thus each pair of sister taxa constitutes amonophyletic group with a common stem

taxon, unique to the group. Most cladistic studies take place in Universities. It is interesting to note

that a number of entire issues of the Annals of the Missouri Botanical Gardens (for example Volume

80, No. 3) have been devoted to cladistics but that most of the authors were university-based, though
much of the plantmaterial was derived from botanic gardens. Three examples of botanic gardens
that do this type of research are listed in Footnote4'3, below.

iii) Chemotaxonomy, otherwise known as biochemical taxonomy, is the application of the

principles and procedures of chemical analysis, and the results obtained, to the classification of

plants. Plant product analysis has been simplified by the development of chromatography and

electrophoresis, which, with new techniques, make routine analysis of a representative selection of
material a possibility that was not once available. Three main groups of compounds are of potential
taxonomic value; primary and secondary metabolites and semantides. Often distinct discontinuities
are found in the distribution of secondary metabolites, which have been used to delimit taxa.

Characterisation of novel compounds often requires more material than is available in preserved

collection and the cultivation and 'bulking-up' of material for this process can be considered a good

use of a botanic garden's horticultural resources. Ah example of a botanic garden that does this type

of research is Rancho Santa Ana (presence of irioides in plant families).

iv) Cytogenetics combines cytology which is the study of the structure, function and life

history of the cell with genetics which is the study of heredity; it usually involves microscope studies
of chromosomes taken from actively growing tissue such as root tips and flower buds. The study tour
interviews showed a small number of European and North American botanic gardens undertaking

cytogenetic work. Five examples of botanic gardens that do this type of research are listed in

Footnote4'4, below.

v) Molecular biology. Genetic and evolutionary relationships between plants are increasingly

being studied through comparisons of nucleotide sequences in DNA and RNA (especially ribosomal

42..
i) RBG Edinburgh (moss spores and rhododendron leaves), ii) RBG Kew (often in conjunction with palynological studies- the

comparative morphology of the outer wall [exine] of pollen grains, or wood anatomy), iii) University ofReading Botanic Garden
(seeds of Umbelliferae), iv) Missouri Botanical Garden (exine structure of Pantoporate Campanula species) and ,v) the National
Botanical Institute at the National Botanic Garden, Pretoria (spore morphology ofRiccia).
4 3.

i)RBG Kew (work on many plant families), ii)Missouri Botanical Gardens (phylogenetic analysis of S African Sparaxis) and iii)
National Herbarium Victoria, Australia (cladistic analysis Millotia).
4 4

i) Missouri Botanical Garden (chromosome cytology of the African genus Lapeirousia and chromosome counts in
Psophocarpus), ii) The Botanic Garden and Botanic Museum Berlin-Dahlem (especially with native plants used for re-
introduction/re-enforcement), iii) RBGE (Manuliae, see Case study 4.4), iv) the University of California Botanic Garden, Berkeley
(Nicotiana) and, v) National Botanic Garden ofBelgium, Meise (cytogenetics of Vigna).
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RNA). The technology for this is now well established and gene amplification procedures make it

possible to obtain sufficient quantities of selected genes from small amounts of live plant material.

Molecular biological techniques are also of considerable potential importance in the assessment of

genetic diversity among populations of-moiphologically similar individuals. For a good example of
the sort of molecular biology research that takes place in botanic gardens see Case Study 4.6.

In some fields of systematics, molecular biological techniques may replace traditional
methods. For instance, much more accurate information about the 'ancestry' of organisms can be

derived from comparisons ofRNA or DNA sequences than can be gathered from even the most

sophisticated analyses of traditionally used taxonomic information (such as morphology, anatomy or
biochemical composition). This does not mean however, that a new 'molecular' taxonomy will

replace and supersede the older, principally 'morphological' approach. Systematics is concerned with

the nature and origins of diversity; this may be phenetic diversity of things we can see or measure,

like shape or form, or genetic diversity that ultimately produces this shape and form, through
interaction with the environment. It is no use knowing about the degree of genetic dissimilarity, in
terms of DNA base sequences, between two organisms if this is not accompanied by detailed, critical

analysis of what this means in terms of the properties and characteristics of the organisms
themselves.

Molecular approaches to taxonomy must be regarded, therefore, as supplementing, rather than

replacing existing procedures. In some aspects systematics, such as surveys of diversity within

tropical rainforest or developing floras and other aids for the identification of plants by ecologists,
foresters and other field-workers, molecular biology can as yet contribute very little. It is also
relevant that molecular biology is at present very time consuming and expensive, in terms of the

staff, equipment and materials required. Three examples of botanic gardens that do this type of
research are listed in Footnote4'5, below.

vi Information technology and taxonomic computing. There is an enormous and immediate

potential for applying new developments in information technology to systematic research. This

potential is slowly being realised and there is already widespread use of databases in the larger

botanic gardens and institutions worldwide, both in the curation of living and preserved collections
and in the storage, manipulation and exchange of information about plants, such as is contained in

floras, checklists and so on. There is great scope, for instance, for linking such databases with visual
material illustrating aspects of morphology, anatomy, ecology and other matters. There is also scope

for tackling the complex problems involved in discrimination and identification, especially how to

translate a set ofmeasured characters into a systematic description of an organism, and how to

automate comparisons between organisms to test for similarity or difference.
One major limitation to progress in the application of information technology to systematic

studies is that there are very few scientists who understand both systematic biology and information

technology procedures at a sufficiently advanced level. This combination has to be present before it is

4 5.
i) Rancho Santa Ana Botanic Garden who apply molecular and DNA work to Califomian native plants, ii) the Huntington

Botanical Gardens, like many others, make plant material available to others for DNA research but do not do such work themselves,
iii) RBGE's work on Rhododendron, (see Case Study 4.6).
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possible to determine which problems in systematic biology are worth the application of sophisticated
and expensive information technology. A second major constraint at present is the non-availability of

appropriate software, although this deficiency could be rectified by appropriate research programmes.
The approach by RBGE, for instance, to I.T. and computing taxonomy over the next five years

will be as follows:

a) collaboration with other botanic gardens and research institutes to produce computer

software for taxonomic database support (for example 'PANDORA' and 'PANKY' are being

developed), plant information systems, and collection management (for example BG-BASE for live

plant collections).

b) development of integrated text image databases, for example for:
- diatoms, to facilitate identification, the production of habitat or project-related

florulas, and to enable standardisation of taxonomy between different research groups

worldwide;

- fungal parasites and diseases of horticulturally important plants grown in the United

Kingdom;
- identification of fruits and seeds.

c) Monographic work on key plant groups e.g. Cruciferae, Musaceae and Coniferales will
include the development of databases holding information about aspects such as plant characters and

uses, ecology, distribution, holdings and conservation status.

d) All future flora projects initiated at RBGE, or involving RBGE as amajor collaborator, will
be accompanied by the development of a plant information database for the area, containing
information similar to that outlined above for monographic projects. This information will then be

used subsequently to facilitate projects such as conservation work, biodiversity surveys, production of

up-to-date floras and florulas and checklists.
vii Image analysis is already at the stage of development where it can be applied usefully and

widely in systematic research, but few taxonomists as yet have the computing, mathematical and
statistical skills to be able to assess how image analysis might be incorporated into their research.
Differences between organisms that can be defined in terms of size, shape, pattern, or ratios of

particular measurements are especially suited to detection using image analysis. Some applications
have been in place for several years. However, a skilled taxonomist can be extremely rapid in

distinguishing between particular features in different organisms and it is perhaps only now that the

hardware and software are becoming available at a reasonable price to compete with human dexterity

and discrimination.

Plant material is needed for testing and developing all these techniques and holding such

material is therefore one of the legitimate roles of both herbarium specimens and live plant
collections.

viii Biosystematics and experimental taxonomy. These, rather misleading phrases, are used
to describe the technique of growing and attempting to hybridise species from within the same genus

as an experimental technique to help delimit species. The better they hybridise the 'closer' they are
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taxonomically. Furthermore the resultant F1 generation can be tested for viability and this gives a

measure of how related the two parent genomes are. Alexander (1975), for instance, wrote that: "The

technique of artificial hybridisation followed by analysis of the F1 and subsequent generations is one
of the major tools of experimental taxonomy. Several revisions of taxonomically difficult genera have
been based on or influenced by data obtained in this way". The 'classic' paper on this subject was

written by Strid (1970); it was based on investigations of \htNigella arvensis complex in the Aegean

area. Reference to the technique is also made in Davis and Heywood's Principles ofAngiospasm

Taxonomy (1963). Experimentation on phenotypic plasticity, though different from the above, can

also be described under the heading of experimental taxonomy. This technique involves taking seed

from a single capitulum, splitting them into two, or a number of, samples, and subjecting them to

different environmental stimuli to test for 'dependent morphogenisis'; in other words to test the

degree of phenotypic plasticity within genetically identical progeny. Data such as maturity, average

height, number of nodes, average nodal length and leaf shape are typically analysed. While the

techniques are still valid, and can make good use of the growing facilities of botanic gardens they are

not used that often now.

3. Conservation research covers a number of disciplines that overlap with biology, ecology,
land use and soil science to name but a few. Areas of research include investigations into all aspects

of a plant's life cycle and adjacent land uses to determine the origin of rarity or threat- these could
include aspects of reproductive biology, distribution, population dynamics, genetics and interactions
with the natural and man-made environment (for example grazing pressure, agricultural
encroachment or water table alterations). Botanic gardens may pursue research on these aspects

either as biological topics in their own right or in relation to the study of a particular species' decline
or its re-introduction. This subject is dealt with in more detail in the chapter on conservation

(Chapter 6). The study tour interviews showed a number of botanic gardens, especially in North

America, undertaking conservation research. Five examples of botanic gardens that do this type of
research are listed in Footnote 4'6, below.

4. Ecological research is the study of the relationships between living organisms and the

living (biotic) and non living (abiotic) factors in the environment. Ecology has many branches many

of which are not studied at botanic gardens. However, some aspects are studied either as a direct

consequence of floristic research or in studying life cycles/habitats/growth etc. in relation to

conservation, for example in connection with re-introduction programmes. The study tour interviews

showed botanic gardens in all the countries visited undertaking ecological research. Five examples of
botanic gardens that do this type of research are listed in Footnote,4'7 below.

4 6
i) Berlin-Dahlem Botanic Garden (in relation to genetic variation and re-introduction), ii) Garden in the Woods (seed storage and

germination of New England natives), iii) Bok Tower Garden (as part of the Centre for Plant Conservation (CPC) network of
gardens (see Chapter 6) cultivates, and researches, rare, threatened or endangered plants in their area with a view to re-introduction),
iv) Rancho Santa Ana Botanic Garden (population and reproductive biology of Califomian plants- see Fig. 4.5), and v) Berry
Botanic Garden (demography, population dynamics and seed storage of local plants).
4 7
i) Bok Tower Garden (Pine Ridge systems, see Fig. 4.6), ii) Garden in the Woods (meadow management using fire and cutting

techniques), iii) New York Botanic Garden (intense ecological research focused on an area of native woodland within the garden),
iv) Morton Arboretum (urban ecology), v) Nanjing Botanical Garden (various aspects of Chinese plant ecology, for instance beach
vegetation).
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Fig, 4.5, Conservation research at Rancho Santa Ana Botanic Garden focuses on the population and
reproductive biology of Californian native plants

5, Plant evolution. This is the process by which genetic changes have taken place in

populations of plants overmillions of years in response to environmental changes. Evolution has
resulted in the formation of new species and, usually, an increase in complexity. Evidence for
evolution comes from palaeontology, biogeography, genetics and comparative anatomy and

physiology. An example of a botanic garden that does this type of research is Rancho Santa Ana

Botanic Garden whose staff work on evolutionary aspects of Californian plants).
6. Palaeontology is the study of fossils. The branch dealing with the study of plant fossils is

termed paleobotany, which includes palaeoethnobotany, the study of fruit and seed remains found in

archaeological sites. Palaeontology requires a knowledge of the way in which fossilisation takes place
and

Fig. 4.6. Ecological research at Bok Tower Garden on 'Pine Ridge' vegetation
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of the type of rock- in which the fossil is found, a knowledge of the environmental conditions that

prevailed when the rock was laid down, and an appreciation of geological time scale so that the fossil
can be dated. Live plant collections provide examples of plants growing now which can be used in

comparison with fossilised records.
7. Phytogeography (plant geography) is the study of the geographical distribution of plants

and their interrelationships with one another and with the environment. Many aspects overlap with

the science of ecology but plant geography places more emphasis on the influence of the

environment. An example of a botanic garden that does this type of research is Missouri Botanical
Garden whose staff study the geography of Madagascan Solanaceae, Anthurium and S African

Sparaxis.
8. Chemical screening. While few botanic gardens have the facilities to do this work

themselves (notable exceptions being RBG Kew and New York Botanical Garden) many provide live

plant material for other laboratories to conduct the research. RBGE, for example, provides about 50
fresh specimens per week for such screening to Phytera. In most instances researchers are looking for
materials with medicinal properties (see table 4.1 in the literature review) but other materials are

sought also (see example ii below). Two North American botanic gardens in which study tour

interviews took place said they were doing this type of research. Two examples of botanic gardens

that undertake chemical screening research are listed in Footnote 4'8, below.
9. Plant pathology is the science of dealing with plant diseases or dysfunction. In some

situations research in this field probably grew out of the need for botanic gardens to grow plants to

support research and the fact that from time-to-time they suffered from diseases which needed

investigation. In the majority of botanic garden situations, however, research in this field stemmed

from legitimate taxonomic research. One of the major causes of disease in plants are, of course, fungi
which are themselves plants. It is therefore reasonable for botanic gardens to study the taxonomy and

subsequently the biology of these disease-causing organisms. Some botanic gardens have taken

research further than this and those, for instance, which have a strong policy towards horticulture

and evaluation, in particular, may undertake extensive research in the subject.
10. Horticultural research and plant evaluation. All botanic gardens undertake

horticultural practice in the cultivation and management of their live plant collections. However,
while most carry out growing trials into aspects such as compost type or germination techniques, few

would claim that they were actively involved in horticultural research (although the questionnaire
and study tours have revealed this to be an area of, as yet untapped, potential for live plant

collections). The reasons why botanic gardens do not collectively carry out much horticultural

research are two-fold: first most botanic gardens that include research in their remit have

traditionally taken this to be only taxonomic, or at least botanical, research, this being one of the

prime reasons for their foundation and continuation. Secondly, the majority of horticultural staff in

4-8
i) The Botanical Gardens of the Agricultural University, Wageningen, ii) New York Botanic Garden (especially related to

medicinal properties of plants), also research on members of Rosaceae which are being tested for anti-bacterial properties with a
view to increasing shelf life of meaL
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botanic gardens do not come from the background of scientific horticulture and therefore

experimentation has not been part of their training.

Types of horticultural research include:
i cultivation techniques such as propagation (see Fig. 4.8), temperature and day length

requirements to mention but a few in addition to those mentioned earlier. Such research often

develops into other, perhaps more clearly identified fields of plant research, such as

physiology and cytology. However, to be termed research rather than trials, experiments
would have to be properly designed, statistically replicated and analysed and the results

published, probably as an on-going series of research. Few botanic gardens do research of this

type but the John Innes Institute (which many would not think of as a botanic garden but
which is listed in the InternationalDirectory ofBotanic Gardens, Heywood [1990]) is a

notable exception, their research activities being listed in the Directory as "physiology,

breeding, biochemistry and cytology".
ii selection and trialling of potential marketable ornamentals from within live plant

collections. At best such schemes can be highly professional and include a multitude of

aspects such as selection from collections, exhaustive cultivation trials, evaluation and

marketing. The Chicago Botanic Garden-based 'Chicagoland Grows Inc.' is a prime example

(see Case study 4.1). The Hortus Botanicus of the Vrije University, Amsterdam also has a

programme, though not scientifically-based, funded by a consortium of Dutch growers, to

select and evaluate for commercial exploitation, plants from its collections.
iii hybridisation and plant breeding, though undertaken in many botanic gardens at one

time, is now really only the preserve of seed companies, nurseries and dedicated research

institutes. At Wageningen, for instance, plant breeding takes place in the Horticultural
Genetics Department, though strictly this is a separate, albeit closely related, department.

However, frequent use is made of the plants from the botanic garden in plant

breeding/hybridisation programmes. Plant breeding and hybridisation will also become an

important aspect of the 'Chicagoland Grows' programme in the future.

CASE STUDY 4.1: The 'Chicagoland Grows Plant Introduction Programme': CHICAGO
BOTANIC GARDEN.

'Chicagoland Grows' is an "innovative plant introduction programme" which has been developed to
promote and encourage the use of specifically recommended plant selections, as well as new plant
cultivars for the Chicago area.

Programme Structure
The Chicago Botanic Garden, The Morton Arboretum, and the Ornamental Growers Association of
Northern Illinois are responsible for the development and operation of the programme. These
organisations work in conjunction with a network of corresponding members throughout the United
States and Canada, which represent universities, nurseries, municipalities, landscape architects, and
contractors. The Chicago Botanic Garden serves as coordinator and secretary for the programme.

Case study 4.1 continued overleaf
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Goals of the Programme
Initial goals are to inform and introduce to the landscape industry a variety of perennials,
groundcovers, shrubs and trees which are specifically recommended for the Chicago area.
Ultimately, a breeding programme will be developed to produce new cultivars that exhibit excellent
hardiness and ornamental qualities for year-round seasonal interest.

All plants introduced through the programme will carry an identifying label with the logo and a brief
description of the plant's characteristics. Plant introductions will also be announced through various
trade publications.

Since its inception in 1986, the 'Chicagoland Grows, Inc. Plant Introduction Programme' has worked
to select, evaluate, and produce improved plant cultivars for the landscape industry. Professional
interest in the programme has resulted in an extensive network of evaluation cooperators and
licensed growers throughout the United States and several foreign countries. In cooperation with the
corporate membership, this invaluable network has been instrumental in the introduction of six
woody plant selections, as well as continued evaluation and production of potential introductions.

The first selection chosen for promotion in 1989 was Cotoneaster x 'Hessei'. Since then cultivars of
Viburnum dendudatum, Betula nigra and Acer xformandii have been trialed, selected and promoted.

In addition to providing new and recommended plant varieties for the industry, 'Chicagoland Grows'
offers educational materials, promotional materials, and plant sales tags for all current releases.
Production of these materials is made possible, in part, through royalty payments received from
licensed growers who propagate and sell trademarked plant selections under the Chicagoland Grows
banner.

Through continued selection from native as well as foreign plant populations, Chicagoland Grows
endeavours to introduce superior varieties of ornamental and shade trees, shrubs, groundcovers, and
perennials for a broad spectrum of landscape applications. (See Fig. 4.7)

11. Plant physiology and morphology. The former investigates how living organisms

function, especially in relation to their anatomy; the latter is described as the study of the form and
structure of individual organisms (as distinct from anatomy which involves dissection). While much

important physiological work was done in the European botanic gardens during the seventeenth and

eighteenth centuries not a great deal is done now. Most research into plant physiology is carried out

in universities which have the equipment and expertise necessary to do this type of work. None-the-

Fig. 4.7. Chicagoland Grows literature
(Chicago)

Fig. 4.8. Grafting compatibility trials of
SW USA endangered cacti (DBG, Phoenix)
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less there are exception; two of the European gardens visited during the study tours claimed to be

doing ecological research. Two examples of botanic gardens that do this type of research are listed in

Footnote4'9, below.
It should be recognised that some botanic gardens do only a very limited and specific amount

of research such as those who only do taxonomic research, or only conservation research while

others, such as the Morton Arboretum (Case Study 4.2) undertake a broad portfolio of research types.

Finally, it should also be noted that many botanic gardens, especially those that are university-

based, produce many plant specimens to support undergraduate teaching and post graduate research.
This important aspect of live plant use is described in more detail in the next chapter, on education.

CASE STUDY 4.2: RESEARCH ON LIVING PLANTS AT THE MORTON ARBORETUM

LISLE, ILLINOIS

The Research Programme at The Morton Arboretum is a diversified, balanced programme of
practical, scientific research on woody plants, and on the natural ecosystems and developed
landscapes in which they grow. The research emphasis is on woody plants, ecosystems, and
landscapes of the temperate zone, and the midwestem United States in particular.

Research areas represented by professional staff include dendrology, plant breeding, plant ecology,
plant pathology, plant physiology, plant taxonomy, urban and wetland soils, animal/plant
interactions, endangered species, and horticultural studies and evaluation. Special focus areas
include their Urban Vegetation Laboratory which is concerned with the selection, growth, and
maintenance of plants in rigorous, developed landscapes. Since a considerable amount of woody
plant problems relate to soil and rhizosphere conditions, there has been a dedicated interest in studies
of root distribution and dynamics, urban and regional soil conditions, and soil hydrology and
chemistry.

Specific, current research projects that involve living plants growing within the collections and
grounds of The Morton Arboretum include the following:

* Hybridisation, selection, and evaluation of woody plants for use in urban environments, including
hybrids of Ulmus, Populus, Platanus, Tilia, and Acer spp. in extensive evaluation plots at the
Arboretum.
* Studies ofmorphological variation in Tilia, Viburnum dentatum, Cornus, and seedlings of Quercus
acerifolia.
* Isozyme analysis of Ulmus spp. and their hybrids.
* Study of the tolerance of trees to construction root injury in research plots.
* Study of the long-term effects on roots of repeated applications ofmulch in Arboretum street tree
evaluation plots.
* Testing of different fungicide treatments to control sycamore anthracnose.
* Screening of 20 Ulmus spp. for resistance to elm leaf beetles.
* Studies of pesticide phytotoxicity in Rosaceae collections.
* Propagation trials on a wide range of woody plants in production
* Propagation studies on endangered species of dry-gravel and dolomite prairies.
* On-going studies of prairie reconstruction and management techniques on the Arboretum's
Schulenberg Prairie.
* Study of burn management techniques to control vegetative composition of woodland, savannah,
and prairie communities within the Arboretum and elsewhere in the region.
* Study of edaphic relationships of burn vs. no-bum management techniques in Arboretum
woodlands.

Case study 4.2 continued overleaf

4,9 i) Botanical Gardens of the Agricultural University, Wageningen (physiology ofAlnus and pollen), ii) Leiden University Botanic
Garden (although, strictly speaking, the Botanic Garden is only one of five departments that make up the Botanical Institute and it is
in the Department of Comparative Morphology rather than the Botanic Garden as such that such research takes place).
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* Study of the distribution of aluminium, calcium and boron in the roots, stems, and leaves ofAcer
saccharum and Quercus alba growing in Arboretum woodlands.
* Study of the morphological and physiological impacts of salt on sensitive landscape plants.
* Testing of riparian woody plants for shoreline stabilisation in experimental plantings on
Arboretum lakes.
* Study of sodium chloride uptake by roots of Pinus strobus.
* Studies of temperature dynamics in skunk cabbage (Symplocarpus foetidus).
* Study of the plants used as nesting substrates by forest songbirds in Arboretum woodlands.
* Systematic evaluation of crabapples for disease and insect resistance, and for ornamental
performance in evaluation plots and in their Malus collections.
* Evaluation of environmental tolerance of Arboretum woody plant collections to frost, winter injury,
drought, and flooding.
A view of the Arboretum is shown in Fig. 4.9.

4,5. The need for, and uses of, plant collections to support botanic garden research, with

particular reference to live plant collections
The taxonomic and other plant-based research described above relies not only on skilled staff

and sophisticated equipment, but also on a source of plant material. Taxonomic botanists need plants
to study their structure, particularly flower structure (see Fig. 4.10), in order to classify them.
Features such as the size, shape and arrangement of leaves, flowers and fruit all contribute to plant
classification and are best studied in live or preserved plants though good quality illustrations and

written texts play an important role too. A selection of ways in which live plants from collections

may support research in botanic gardens, other than for traditional taxonomy, are listed in Table 4.6.

Fig. 4.9. The Morton Arboretum: the extensive live plant collections are used to support a wide range of
plant-based research (see Case study 4.2)

* Root tips for cytogenetical research,
* Samples of roots, stems, leaves, flowers or fruits for biochemical or pharmaceutical screening,
* Pollen for SEM studies,
* Assemblages of plants, such as recreated prairie, for ecological or conservation research.
* Individual whole plants to asses* local hardiness, display value or pest and disease resistance
* Seeds for germination trials
* Individual whole plants for hybridisation of geographically distant species
* Flowers to study reproductive biology and/or pollination mechanisms
Table 4.6. A selection ofways in which plants from live plant collections may support research in botanic
gardens, other than taxonomic research.
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It is not desirable here to repeat the findings of the questionnaire but it is, however, pertinent

to remind the reader of the following facts (which can be seen in more detail in section 4.6, or in the

summary in 4.3): in almost 70% of botanic gardens the live plant collections were said to be used to

support taxonomic research; in those that did use-plants in this way about 60% said they used them

greatly or moderately; in 35% of gardens the live plant collections were said to be an essential aid to

taxonomic research and a further 44% said they were helpful; in almost 50% of botanic garden the

live plant collections were said to be the most important resource for taxonomic research compared
to other resources; in about 60% of cases respondents said that studying ex situ plants in cultivation

was either totally, or reasonably, valid. However, and this is an important point that is discussed
further in Chapter 8, in only 3.7% of botanic gardens were more than 10% of the collection used

actively to support taxonomic research.

Systematic Biology Research (House of Lords, 1991), which has been quoted in section 4.4,
asserts the vital importance of reference collections of living and preserved plant material, as well as
extensive libraries, for the proper pursuit of systematic research on plants. However, it goes on to

emphasise the particular importance of herbarium collections and draws the reader's attention to an

interesting exchange of articles/letters in the journal Nature during 1990. The first, Where now for

taxonomy? (Clifford, Rogers and Detmann, 1991), levies some criticisms at traditional, long-
established herbaria and questions if the retention of large numbers of herbarium sheets is justified
for well-known floras, such as those of Europe- "What would be lost if label data on all sheets was

recorded, a careful selections of sheets kept and the rest pulped?" The response (Chalmers et al,

1990), a month later, from the Directors of many of the world's leading botanic gardens and herbaria

makes interesting reading and, usefully, summarises the worth of herbaria (and consequently of

living collections). From the six letters, covering three pages, the following four paragraphs have
been selected to summarise the main points:

"Herbaria contain evidence of where a plant occurred and how its appearance varied
over time and space, providing physical and biological parameters of the history, biology and

relationships of the taxon. It is impossible to obtain these data other than by examining
herbarium specimens. As the plants of the world disappear herbaria will become a primary
means of studying and understanding the principles that govern the fate of those that are left."

"Type specimens of species names are essential to fix their position in the

nomenclatural system. But they are not necessarily typical of the morphological variation of a

species. To be an effective tool for research, a herbarium must contain a geographical and

morphological range of each species." Due to space restrictions herbaria are more likely to be
able to hold a larger number of specimens (and therefore a wider display of diversity) than

living plants in a garden.

"As new methodologies revolutionise taxonomy, herbarium material is re-examined to

produce up to date classifications. The suggestion that plants can be re-collected and need not

be stored in a herbarium ignores the fact that in many cases the original plant populations no

longer exist or have been significantly changed. Moreover, the preserved specimens obviate
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the need to re-collect rarities and re-collection is often costly or impractical. With modern

technologies, herbarium seeds have been used to resurrect species extinct in the wild. Many

published descriptions are inadequate: a specimen is worth a thousand words. A recent study

of Australian Orchidaceae, for example, revealed that many of the names of Australian
orchids were misapplied by people who had relied on descriptions rather than referring to the

original specimens."
"We regard herbaria as the most valuable asset in broad based research programmes.

In studies of diversity, cytology, plant chemistry, agriculture, forestry and medicine, herbaria
are the most cost effective method of encompassing variation. Improvements in our

knowledge depends to a large extent on the quality and selection of materials collected since
the previous revision; this applies particularly to unexplored regions. Herbaria, therefore,
must grow. The cost of maintaining specimens as part of a broader research programme is

relatively small."

Interestingly (and the reason why so much text has been devoted to herbarium collection in a

thesis dealing with live plant collections), Systematic Biology Research goes on to state that "similar

logic, with some minor variations, may also be applied to the maintenance of the living collections of

plants in botanic gardens".
Dried herbarium material (see Fig. 4.11) is convenient to handle, compact, available all the

year round and lasts for many years making recourse to historic material and previous
determinations possible. Plants from living collections are used extensively in taxonomic and

systematic research too, for the following slightly different reasons :

- some plants do not make good herbarium specimens because, for instance, they are

too large (e.g. Palms) or do not dry well (for example Cacti); Table 4.7 lists more examples

(see also Fig. 4.12),
- available herbarium specimens might be missing a vital part of the plant, for instance

they might all have flowers, but it may be that the fruits hold vital diagnostic characters,
- herbarium specimens lack true colours, turn black if field collected into alcohol (this

method is used in the humid tropics), or loose all colour if stored in spirit,
- herbarium specimens only show material in two dimensions; this usually does not

matter, but occasionally plant habit is important in determinations,
- it may not have been possible to collect an herbarium specimen in flower (or fruit)

during an expedition as it may the wrong time of year- collection of seed in the field, followed

by cultivation back at the home botanic garden may have offered the only practical way of

seeing, and therefore of studying, a particular species' flowers,
- comprehensive live plants collections also offer an ideal testing ground for newly

constructed plant keys.

Palms Hoya Nepenthes Succulents Cycads Orchids Bromeliads
Dischidia

Table 4.7. Examples of plants that do not make good herbarium specimens, (and are therefore prime
candidates for inclusion in live plant collections).
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Fig, 4.10, Taxonomic botanists often require Fig. 4.11. Typical herbarium specimen
fresh plant material in addition to herbarium (Strychnos cocculoides, Long & Rae 610);
specimens (RBGE) these lack the colour, dimensions and

arrangements of live plants

The disadvantages of live plant collections over herbarium collections are:

- morphology, vigour and flower colour may change, often drastically, under cultivated

conditions,
- species may hybridise,
- labels and documentation are often lost or confused.

It is the author's opinion that herbarium and live plant collections should not be regarded as

completely different resources but as complementary resources, each having different strengths and
weaknesses.

In many cases it is only live plants from collections that could have provided the necessary
material to support research, for instance in the situations listed in Table 4.6 and the plant

types/genera in Table 4.7, but it is also interesting to note that it has only been through the
cultivation of some groups of plants that their taxonomic elucidation has been possible, Case Studies
4.3 - 4.5 present situations that illustrate how it was only through amassed collections, cultivated for

some years that taxonomic classification was made possible (see Figs. 4.13 and 4.15). Critics could

argue, reasonably up to a point, that much of the benefit could simply be put down to the
'convenience factor', that it is merely convenient rather than essential that so much diverse material
should be grown together in one place and that the research could have been done in the field if time,

logistics and travel money were sufficiently available. However, it must be argued, that much of the
research requiring plants would be hopelessly impractical, even impossible, carried out in the field
and for these reasons live plant collections are often essential. Dr Hyam's work at RBGE (see Case

Study 4.6), on rhododendrons, requires fresh specimens of a great many species, Where else, other
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than in a botanic garden specialising in the cultivation and research of rhododendrons would it be
sensible to carry out such research? It is interesting to note too that in the paper by Morgan and
Soltis (1993), Phylogenetic relationships among members ofSaxifragaceae sensu lato based on rbcL

sequence data, the Strybing Arboretum, Fairchild Tropical Garden, Botanic Garden of the University
of Tokyo and Botanic Garden of the University of California, at Berkeley were all thanked for

supplying fresh material for this research, again showing the value of live plant collections in botanic

gardens.

CASE STUDY 4.3: DETERMINATION OFWILD AND CULTIVATED DRACAENA
FRAGRANS: BOTANICAL GARDENS, AGRICULTURAL UNIVERSITY, WAGENINGEN.
Bos' paper of 1992 illustrates two points; first that herbarium and live plant collections should not be
thought of as separate resources, but different ends of the same spectrum, and second, that live plants
really can be useful in taxonomic determinations. The abstract states: "Dracaena fragrans (L) Ker
Gawler is revised, similar species are critically compared and several of them, notably D. deremensis
Engl, and D. deisteliana Engl, are reduced into synonymy. A formal classification with standard
specimens for cultivated material currently in commerce is proposed". The "Materials" section of the
paper states that: "Apart from herbarium material received on loan from 29 herbaria, living plants of
African origin were studied in the conservatory in Wageningen". Through the study of both
herbarium specimens and live plants the authors were able to untangle an extremely complicated
taxonomic storey involving multiple synonymy. It was, for instance, only by growing and observing
live plants that it was found that individuals could produce morphologically distinct shoots, each
capable of being selected, preserved onto herbarium sheets and given separate species or cultivar
status. One photograph in the paper shows a plant producing four distinct foliage types. (Fig. 4.13 is
a similar photographgraph of the same individual).

Fig. 4.12. Cacti and succulents make poor
herbarium specimens and are best studied as
live plants (Gothenberg)

Fig. 4.13. Dracaena fragrans, used as the
basis of the research described in Case

Study 4.3 (Wageningen)
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CASE STUDY 4.4: CYTOGENETICS OF THE MANULEAE: ROYAL BOTANIC GARDEN,
EDINBURGH.

Jong's paper of 1993 describes variation in chromosome number in the Manuleae (Scrophulariaceae)
and its cytotaxonomic implications. In the paper chromosome numbers for 11 genera and 36 species
in this predominantly South African tribe are presented, the majority being first reports. The research
was carried out to complement the taxonomic revision of the tribe being undertaken by Dr O. M.
Hilliard at RBGE. Jong reports under "Materials and Methods" that, apart from a few species that
were already in cultivation at RBGE (mostly at its outstation, Logan Botanic Garden), cytological
material was largely obtained from plants grown at RBGE from seed received from South Africa.
Suitable cytological material was obtained from the root tips.
This paper demonstrates admirably the worth of live plant collections in botanic gardens and the
ability of botanic gardens to obtain and grow material for experimentation. Again, where else other
than in botanic gardens would it be possible, or suitable, to undertake such work?

CASE STUDY 4.5: TAXONOMIC SYNONYMY IN CHLOROPHYTVM: LEIDEN
UNIVERSITY BOTANIC GARDEN.
Staff at Leiden University Botanic Garden carry out a diverse and active research programme based
mostly on classical taxonomy but also including aspects of comparative moiphology and ecology. It
has been reported (de Koning., 1993) that one project has included unravelling the highly confused
taxonomy of Chlorophytum, some species of which have 6 synonyms. It has only been by actually
growing and observing them at each stage of growth that researchers have been able clear up the
confusion.

CASE STUDY 4.6. USE OF THE LIVING COLLECTIONS OF RHODODENDRON FOR
THE DEVELOPMENT OF MOLECULAR TOOLS FOR ASSESSMENT OF
BIODIVERSITY IN CULTIVATED AND WILD PLANTS: RBGE

The RBGE is being funded as a participating laboratory in Framework III of the European
Community Biotechnology Initiative. RBGE's role is in connection with the assessment of
biodiversity in wild plants in particular. The genus Rhododendron is being used as a test case
because of RBGE's long standing expertise in the group and because of the well-established and well-
documented collections both at Edinburgh and at "its specialist gardens. The research can be broken
down into two main areas:

1. Analysis of variation within the subgenus Hymenanthes. This project is being carried out
entirely at RBGE; it aims to compare the utility of molecular and traditional tools in defining groups
within this complex taxon. The subgenus contains around 250 to 300 species, 169 accessions of
which RBGE has in cultivation. As many of the other species are represented from type locations
only or are poorly known this is a remarkably high number. One hundred species have been
identified from the living collections to represent variation in the group for the analysis. The same

techniques will be applied to each of these individual plants.

Molecular techniques include:
* PARDs = Random Amplified Polymorphic DNA markers (also known as Arbitrary PCR or DNA
Amplifies Fingerprinting (DAF));
* PCR-RFLP = Restriction site analysis of PCR amplifies coding and non coding regions,

(Polymerase Chain Reaction - Restriction Fragment Length Polymorphism);
* Sequencing of Internal Transcribed Spacer units of nuclear ribosomal DNA.

Traditional techniques include:
* SEM of hairs and pollen;
* Traditional herbarium-based morphology;
* Some secondary metabolites:
* Some chromosome counts.

Case study 4.6 continued overleaf
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2. Shared EC research area on the overall taxonomy of Rhododendron with particular
reference to the 'Azalea1 subgenera. This project aims to carry out a number of different analytical
techniques in a number of different European laboratories on the same material to investigate the
compatibility of results. The long term aim is to develop techniques that may be used on different
material in different laboratories but which provide data that can be pooled into larger analyses.

Additional molecular techniques to those listed above are being evaluated by the group and new
techniques are being developed.

Techniques include:
* VNTR (Variable Number Tandem Repeats);
* AFLPs (Amplified Fragment Length Polymorphisms);
* RFLP (Restricted Fragment Length Polymorphism).

General requirements for both areas of research. It would not be possible to sample a
representative number of species from the wild in the time available for this project and so the living
collections are vital to the study. Because rhododendrons hybridise so freely it is important that
material used in the study is of at least clonal descent from wild origin material and, because of the
dangers of somatic variation and the sensitivity of the methods being used, it is preferable if the
material for the study is from actual wild collected plants. The collection at RBGE includes material
from as far back as the 1920s that has good provenance data and so enables techniques and analyses
to be carried out that was not even thought of when the plants were collected. Indeed, most of the
material being used in the molecular analysis was wild collected before the structure of DNA was
known.
The collection does not contain population samples, however, and so assessment of variation within a
single population is not possible without more field work. In addition, the collections were largely
made by collectors who were often looking for new and interesting forms to introduce into cultivation
and so may not be a true representation of the diversity in the wild. Finally, wild collections have not
been made systematically in the field due to difficulties, both physical and political, of visiting many
of the areas that are at the centre of diversity for the group. None-the-less, the rhododendron
collection at RGBE is generally regarded as comprehensive and well-documented and as such makes
a valuable contribution to this research.(Hyam, 1995). See Fig. 4.14.

Most of this section has been devoted to links between the live plant collections and
taxonomic research because the surveys showed this to be the most popular (in terms of quantity)

Fig. 4.14. An example of PCR RFLP of the
ITS region of nr DNA with the restriction
enzyme Cof 1 showing polymorphism between
species of Rhododendron grown at RBGE

Fig. 4.15. Marcgravia spp; known by
several synonyms until cultivation at
Wageningen revealed it produced two leaf
shapes
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type of research undertaken in botanic gardens. However, it is important not to forget that botanic

gardens undertake other types of research and the study tour interviews, in particular were useful in

endorsing this fact. A vast range of other plant-based research takes place in botanic gardens and

these have been described in section 4.4; they are-also highlighted in Questions 1 and 4 of the

interviews (section 4.7).

It is important to note that to be of any value to research, live plant collections should be of

known wild origin and meticulously documented (for more detail see chapter 7). It is essential that

plants in these collections can be traced back to a particular time and location of collection. Were

plants to be from seed two to three generations removed from plants growing in the wild, or if

collection information is lost then it is impossible to say, either that the plant looks anything like
those growing in the wild (because they could have hybridised with other species in the garden), or

how its characteristics relate to variation across the geographical range of the species. It is factors
such as 'plants of known wild origin' and the maintenance of detailed plant collection information
that make? botanic garden collections 'scientific' and different from other types of live plant
collection.

In many cases live plants which support specific research projects can be easily recognised

growing in certain parts of botanic gardens, often in specially dedicated glasshouse units. However,

there are many instances in which vast holdings of outdoor plants are held in garden areas

supposedly for research but which seldom, if ever, experience the attentions of scientific staff.

Sometimes these are called reference or research collections. What is their role and how can their

existence be justified?

While it is easy to be critical of such general holdings it is also easy to appreciate how they
have arisen and it is again easy to appreciate why staff are loathe to dispose of them.

While research activities can change rapidly according to need, policy changes or financial
reasons it is not easy to alter the content of living collections quickly, especially if trees are involved.
A good deal of guess-work and prediction about future projects is required by plant collection

managers in order to have the right plants in place, at the right stage of maturity, for the duration of
a project. For this reason it may be necessary to start building a collection many years before a

project starts because i), it may take plants a long time to grow and ii), it may take many expeditions
and exchanges, not to mention considerable correspondence and time to obtain the material. The

process is therefore very protracted and individual collections may, at any time, be in a building,

using or declining phase. While plant acquisition/collection policies (for more detail see Chapter 7)
are essential and commonly used documents that help managers amass collections according to

perceived needs matched by site constraints such as soils, climate, staffing and space there are still
bound to be situations wfere plants are amassed in good faith never to be used scientifically while
others await use or are finished with, rendering the ones actually used as only a small fraction of the

total live plant holding.

Of course, plants which are not actively being used to support research may be serving other

institutional needs such as education, conservation or display, but the question should be asked- are
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they a scientific resource even if they are not being actively used scientifically? The answer is yes, so

long as certain guide-lines are applied (see Chapter 8). An analogy was drawn in Chapter 1, where it
was suggested that live plant collections may be a little like library collections in that possibly only a

few books are used regularly, but the others are held in stock for the rare, unexpected situation when

someone wants something obscure at short notice. Reference collections of plants are very like this in

concept, few are used actively at any one time and the vast majority grow patiently, possibly fulfilling
other functions in the meantime, awaiting some future scientific need. This is why the term

"biological standard" (for example, RBGE, 1993) is increasingly being applied to such collections. It
infers that they are a stock, a holding, of biological reference material, scientifically recorded, which

await some potential use. It is right that such collections are held, as long as sensible rules governing
their composition are applied, especially by government financed botanic gardens. And unforeseen

requests for plant material from both in-house staff and outside bodies are received frequently by
botanic garden managers which attests to the importance of such collections. In a typical year RBGE

may receive many hundreds of requests for plant material for research.

4.6. Results and analysis of Part 2 of the questionnaire; research information
Introduction. Questions in this part of the questionnaire (Questions 8-16) related to the

extent, usefulness and validity of using live plant collections to support taxonomic research. For

instance, Q10 attempted to measure levels of use, Q12 made comparisons between the usefulness of
live plant collections as a resource and other resources and Q15 enquired about the extent to which
scientific staffmay have an input into the way live plants are acquired and managed.

Questions 8-10 may be seen as a group - enquiring to what extent taxonomic or related
research is carried out, and which plants are used.

Question 8. Is taxonomic or related research carried out at your garden or institution?
From the definitions quoted in Chapter 1.2 it would seem that to be called a 'botanic' garden

an institution had to carry out research on plants, that this was one of their main reason for

existence. The results of Q4 (see Chapter 3) showed that this was not necessarily the case; botanic

gardens fulfilled many functions of which taxonomic or related research was only one facet. While

Q4 enquired about the whole range of functions in a botanic garden Q8 asked on a very direct yes/no
basis whether taxonomic research was carried out at the botanic garden in question.

Summary of Q8 results: world figures. The results show that only 59.4% of botanic gardens

(representing 461 gardens in the questionnaire) carried out such research- a figure much lower than

the author would have anticipated at the start of this research.

Summary of Q8 results: continental figures. Fig. 4.16 shows the pattern of distribution:

Asia and Africa returned the highest results with 75.3% and 71.7% respectively answering "Yes" to

the question. S. America, Australasia and Europe were within 1% of each other and N. America was

lowest with 50.9%.
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TAXONOMIC RESEARCH

Africa N America S America Asia Austral.
Continent and Average

■ Yes OS No

Europe Average

Fig. 4.16. Percentage of botanic gardens carrying out taxonomic or related research.

Q8 Analysis and discussion. Comparison between the results of this question and Q4 are

interesting. Q4 showed that only 9.4% of botanic gardens listed taxonomic research within their
three most important functions. Q8 showed that 59.4% of botanic garden carried out taxonomic
research. Both figures were lower than expected but in the light of Q4 it appears that, while
taxonomic researchmight have been carried out in these 59.4% of botanic gardens, in the majority of
cases its importance compared with other functions was lower than fourth most important. Other

comparisons with Q4 are interesting too. Scrutiny of Q4's results would have predicted a high score

for Africa in Q8 and a low score for N America and indeed this was the case. However, although

Asia scored highly in Q8 this would not necessarily have been predicted from Q4 where the score

was above average, but not greatly so.

As the "Yes" result was much lower than expected the immediate follow-on question must be asked-
if they were not doing taxonomic or related research, what was their function, what did they exist for,
and what did they do or have that made them different to any other type of garden; in essence, why

did they have the prefix 'botanic'? The answers to these questions should emerge from the rest of the

study and are not tackled here. There is one point, however, that could partly explain the low figure

and that is the existence of outstations or satellite gardens which are listed as separate institutions.
As explained before they usually exist to extend the range of species that the parent institution can

hold, or they manage areas of natural vegetation. For this reason it is unlikely that they undertake
taxonomic research themselves, this function would presumably only be done at the parent

institution. Question 6 revealed that 12.5% of listed botanic gardens are, in fact, outstations of other

botanic gardens and so it could be argued that this made the figures for those botanic gardens

undertaking taxonomic research look 12.5% worse than they really were. Surprisingly, however, the
database correlation between Questions 6 and 8 revealed that of the 97 gardens that make up the
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12.5% mentioned above, 60 said they did taxonomic research themselves, so outstations do not make
the figures appear worse.

Presumably the issue of whether botanic gardens do taxonomic research is a function of why

they were founded and how they are funded. While the reasons for their foundation cannot be tested
in this questionnaire it is possible to cross reference to Q3 which asked about funding. Table 4.8
shows the results from cross referencing between Q3 and Q8 to find if there was a correlation

between funding source and whether botanic gardens do or do not do taxonomic research. The results

show not only that Government and University funded botanic gardens are in the majority of those
that carry out taxonomic research but they also show that in all the other funding sources except

'Other' the negative response is greater than the positive response.

Question 9. Are the living plant collections at your garden used as an aid for taxonomic
research?

This question was a direct follow-on from Q8 and it was anticipated that the same pattern of
results would emerge. However, there was an important difference; within Q8 research could have

been done but not on live plants from the botanic garden. The author wanted to know for certain if
live plants in each garden were used to support research.

Funding source Taxonomic research undertaken
Yes % No %

Government 143 70.8% 59 29.2%
Town Council 46 47.8% 58 55.8%

University 168 75.5% 54 24.3%
Museum 2 33.3% 4 66.7%
Endowment 15 34.1% 29 65.9%
Public support 18 47.4% 20 52.6%
Other 43 53.8% 37 46.3%

Table 4.8. Correlation between funding source and whether a botanic garden undertakes taxonomic
research or not. (A small discrepancy in the figures should be noted: Q3 showed that there were 211 Government funded
botanic gardens, here the total comes to 202- the figures for the other categories are similariy slightly at odds with the results from
Q3. The reason for this is that in Q8, with which Q3 is here correlated, some respondents did not answer the question. The
percentages in this table are taken from the totals of this table, not from Q3. Other tables where question results have been similarly
correlated have been similarly treated).

Summary of Q9 results: world figures. The result shows that in 68.7% of gardens

(representing 533 gardens in the survey) the live plant collections are used; in 26.7% (representing
207 gardens) of cases they are not; 4.6% did not respond.

Summary of Q9 results: continental figures. Asia and Africa were again the highest with

scores of 83.3% and 71.7% respectively. The results for Australasia and Europe were both slightly up
from Q8 and again were fairly close, S. America remained at 54.5%. The figure for N. America rose
12% to 62.9% bringing it closer to the average than in Q8. The distribution of results is shown in

Fig. 4.17.

Q9 Analysis and discussion. As anticipated the pattern of results was similar, but not

identical, to Q8. The 'Yes' result was 9.3% higher which is hard to imagine considering the wording

of the questions, however, the discrepancy can be explained in a number of ways:
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- first, that taxonomists or scientists from other places used the plants for their research, or
- second, that plants from outstations or satellite gardens were used, not at that site, but by
scientists from the parent institution (in other words that outstations had answered "No" to Q8
but "Yes" to Q9). Table 4.9, however, shows that this not the case to any great extent. Of the

outstations that did not do taxonomic research, in only 13 cases were the plants used for
taxonomic research (ie possibly back at the parent botanic garden or by others).

Taxonomic research undertaken (Q8) Live plants used for taxonomic research (Q9)
Yes No

Yes 59 1

No 13 20

Table 4.9. Correlation between outstations that do or do not do taxonomic research and whether the

plants are or are not used as an aid for taxonomic research.

LIVE PLANT USE
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Continent and Average
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Fig. 4.17. Percent of Botanic Gardens in which the live plant collections are used as an aid for taxonomic
research.

Africa and S. America returned figures almost identical to those in Q8; the Asian and

European figures were in line with the 9.3% average increase from Q8. The figures from N. America
and Australasia were higher than the average increase from Q8, (a rise of 12.0% and 13.8%

respectively).

Question 10. If "Yes" to Q9, then to what extent are they used?

This question ends the trio of introductory questions and attempts to quantify use in order to

put the results from Q9 in perspective. Attempts at using actual figures to get a more tangible, less

subjective, result were considered but could not be satisfactorily devised. While the phrases used are

indeed subjectively applied and impossible to relate back with any accuracy to frequency or amount
of use, they do at least provide trends which can be helpful when viewed in conjunction with the

results from Q9 and, indeed, other parts of the questionnaire.
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Summary of Q10 results: world figures. 15.0% of respondents stated that their live plant
collections were 'used greatly', 46.1% that they were 'used moderately'" and 38.9% that they were

'used infrequently'; these figures represented 81, 249 and 210 gardens in the questionnaire

respectively. This shows that even though in over two-thirds of botanic gardens live plant collections
are used to aid taxonomic research (Q9), in less than one sixth (of this two-thirds) are they used

greatly. This figure continues to confirm the rather surprising, but emerging, trend that was
established in Q4, that fewer Gardens than the author expected were involved in taxonomic research.

Summary of Q10 results: continental figures. Fig. 4.18 shows the responses by continent.
The 'used greatly' figure for Africa was far higher than in other countries and the 'used infrequently'

figure much lower. The N. America figure confirms the impression already set in previous questions;
that little taxonomic research was undertaken (as a proportion to the number of botanic gardens).

While the 'used greatly' figure was close to average the 'used infrequently' figure, at 52.9% was much

higher than average. In S. America the 'used moderately' figure was much higher than average and

the other two less so, especially 'used greatly' which, at 10.5%, was the lowest of any continent. The

figures for Asia and Europe were close to average while Australasia showed the same sort of trend as

N. America but not quite as acutely.
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Fig. 4.18. Extent of use of live plant collections in botanic gardens (only by those botanic gardens stating
that live plant collections were used as an aid to taxonomic research).

Q10 Analysis and discussion. The figures confirm trends already set; they show that in N

American and Australasian botanic gardens the live plant collections are not used very extensively to

aid taxonomic research. This correlates very well with the results of Q4 where N American and

Australasian botanic gardens showed that taxonomic research was not one of their highest priorities.

These two continents were lowest, and in the same order, as in Q10. The high African figures for the

'used greatly' response (and also for Q8 & Q9) can probably be explained by the fact that they have so

few botanic gardens that they are mostly 'main stream', government funded, gardens which, like
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government funded gardens in other countries, concentrate on taxonomic work (see Table 4.7). It

appears une to say that as countries accumulate more botanic gardens so the level of taxonomic work
in them, as a proportion, decreases.

Questions 11 to 13 can be regarded as a complementary group in the same way that questions

8-10 were; in this case they question how essential such plants are, how important they are compared

to other resources and the scientific validity of studying them. These are all vital questions that must

be answered before any discussion of their management or future can be addressed. Additionally, if
scientists rated such plants as unimportant or not useful and said that other resources were more
useful then the scientific basis for the existence of such plants would be flawed.

Q11 starts the questioning by attempting to ascertain the degree to which such plants from
collections are essential to taxonomic research. If they are not rated highly then a correlation should

be seen in Q12- it should show that other resources are more important. However, it was not

anticipated that the score for 'essential' would be much over 40-50% as live plant collections from
botanic gardens are only one of the several resources required by taxonomists.

Question 11. How essential are the live, ex situ plants, as held in botanic garden

collections, to taxonomic research?

Summary ofQll results: world figures. The results show that in a third of cases (34.9%

representing 271 gardens in the questionnaire) these plants are regarded as 'essential' and in just
under half the cases (44.1% representing 342 gardens) they were regarded as 'helpful'; these two

categorise together come to 79%. Only in 7.7% of cases were they said to be 'unimportant'.

Summary ofQll results: continental figures. Fig. 4.19 shows the pattern of responses by
continent and generally there was a good degree of uniformity. Africa, N America, S America and

Europe scored particularly close to average. In Asia the 'helpful' figure was considerably higher than

average and the other two categorise were consequently lower, but to an even extent. In the

Australasian figure the 'essential' category was over 16% higher than average and the other two

figures were again down proportionately. The high level of non-response should be noted. These

were recorded mostly by gardens who do not undertake taxonomic research and therefore probably

did not feel able to comment.

Qll Analysis and discussion. The question starts the group of three questions off well by

showing that in 79% of gardens such plants are regarded as either essential or at least helpful to
taxonomic research. As stated above the responses are generally fairly even; the high 'essential'

figure from Australasia is difficult to explain and is unexpected in the light of the complementary
nature of Qs 8-10 in which Australasia generally scored below average. The high 'helpful' figure

from Asia is also difficult to explain but is probably of little consequence. The results demonstrate

emphatically the importance of such plants.

Question 12. How do you rate the importance of live, ex situ plants, as held in Botanic
Garden collections, for taxonomic research, compared to other resources?
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As previously stated, the idea of this question was to try and get an impression of the

importance placed on these plants compared to other resources. The answer was split into four
resources for comparison: 'live plants', 'herbarium material', 'library' and 'other'. Respondents were

asked to show an importance rating beside each of these facilities (e.g. 1st, 2nd, 3rd or 4th).

Summary of Q12 results: world figures. The figures show that in 49.2% of cases

(representing 382 gardens in this questionnaire) respondents considered that live plants were the

most important resource. 32.9% considered herbarium material the most important (255 responses),

12.0% felt that the library was most important (93 responses) and 2.4% (18 responses) quoted 'other'

as the most important. The results appear decisive with a 20% drop between each of the first three

categorise. The trends for each of the four categories, are shown in Figs. 4.20 - 4.23.
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Fig. 4.19. Fig. showing the importance of ex situ plants, as held in botanic garden collections, to
taxonomic research.
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IMPORTANCE RATING: LIVE PLANTS
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Fig. 4.20. Importance rating (first, second, third or fourth) of live plant collections as a resource for
supporting taxonomic research, arranged by continent and showing the average.
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Fig. 4.21. Importance rating (first, second, third or fourth) of herbarium material as a resource for
supporting taxonomic research, arranged by continent and showing the average.
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IMPORTANCE RATING: LIBRARY
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Fig. 4.22. Importance rating (First, second, third or fourth) of libraries as a resource for supporting
taxonomic research, arranged by continent and showing the average.
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Fig. 4.23. Importance rating (First, second, third or fourth) of 'Other' as a resource for supporting
taxonomic research, arranged by continent and showing the average.

Summary of Q12 results: continental Figures. The results show some marked deviation
from the order given by the average. Africa and N America scored live plants and herbarium equally
as the most important sources. The S American, Australasian and European figures were close to

average, whereas the Asia figure followed the placement order of average but scores were different:
live plants scoring 10% above average, herbarium, library and 'other' correspondingly lower. Apart
from the Asian score which was 10% above average, and the N American score which was 10%
below average, percentages for the 'first most important' in the live plant category were similar. For
herbarium, Africa and N America were above average (Africa 11% above) whereas Asia and Europe
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were slightly below. The library figures showed Africa, S America and Europe above average and

Asia and Australasia below.

Q12 Analysis and discussion. In reality, the resources which the respondents were asked to

compare are complementary in the author's opinion, though few said this. In fact it is the

combination of these very resources that make botanic gardens unique and useful research

institutions and it is inconceivable that much useful research could be done without all of them.

None-the-less the author wanted to establish, factually rather than by hearsay, how the live plant
collections were regarded in comparison to the herbarium and library. The results are as stated above

and clearly show the status of the live plant collections. However, it is interesting to note that if the

first and second placings are summed they becomes less pronounced: live plants 66.7%, herbarium

62.5%, library 36.0% and other 4.1%. While the order is still clearly the same it shows that the

herbarium is a more important resource than a first impression of the figures indicates. Another

interesting indicator is the percentage of '0' scores- those that did not respond. This could be due to

confusion, lack of understanding of the question or because respondents regarded that resource as

trivial and not even worth filling in. Live plants scored 16.0%, herbarium 19.2%, library 22.9% and

other 89.7%. These figures appear to confirm the trend of importance already discussed. No suitable

reason for the continental deviations could be deduced from the figures but some ideas may emerge
from the results of the study tours. Resources indicated under 'other' included, mostly, field, or wild

plant populations.

Question 13. As a taxonomist how do you rate the scientific validity of ex situ live plant

study compared to in situ study?
It was important to ask this question as a counterbalance to Qs 9 & 10. There might have been

a situation that staff in gardens were saying that the live plant collections in botanic gardens were not

used to aid taxonomic work because it was not scientifically valid to do so. Reasons might be, for

instance, that plants altered their size and shape when cultivated and could not be compared to plants
from the wild.

Summary of Q13 results: world figures. 22.2% of respondents (representing 172 gardens in
the questionnaire) stated that such study was totally valid; 48.5% (376 responses) said it was

reasonably valid, 1.3% (10 responses) said it was not valid and 9.3% (72 responses) said it was not

valid, but that they used this as there was often little alternative (such as study in the field). Taking
the first two figures together it shows that about 70% of respondents thought that such study was

totally or reasonably valid. It should be noted that the high figure of 18.7% (145 responses) was
recorded for non-respondents.

Summary of Q13 results: continental figures. Little deviation from the average was

recorded, see Footnote 4'10, below. Fig. 4.24 illustrates the responses.

hlg4 10 In the 'totally valid' category Europe was the highest at about 4% above average and N America was lowest with about 6%
below average. In the 'reasonably valid' category S America was highest with about 6% above average and Europe lowest with
about 5% below average. The 'not valid' responses were all within 2% of average. In the 'not valid, but little alternative' category
Africa was highest with a score of about 6% above average and Australasia was lowest with a score of about 5% below average.
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Fig. 4.24. Fig. showing the extent to which taxonomists rated the scientific validity of ex situ live plant
study compared to in situ study.

Q13 Analysis and discussion. The figures show that taxonomists regard such study as valid

and this therefore gives credit to the answers from the other questions and indeed to the existence of

live plant collections. Had they considered such study unacceptable then any non-use of plant
collections would have been understandable. The negative reply, in the fact that it is so small (1.3%)

gives weight to these arguments also. The high no responses (18.7%) can be attributed to gardens
who did not do taxonomic research and therefore did not feel in a position to answer (of the garden

who did not respond 20 did do taxonomic research ["Yes" to Q8] and 92 did not do taxonomic

research ["No" to Q8]).
The view of the author is that such study is valid, but only on certain understandings. The

inference in the question is that cultivation may render a plant 'untypical', for instance it may be

taller and more vigorous. Indeed such factors do change in cultivation and it is therefore reasonable

to state that size measurements from cultivated plants are not a true record of the size a plant can
attain in the wild. However, it is very unlikely that structure, number of floral parts, the relationship
of one structure to another or the presence of hairs would be affected by cultivation and therefore it is

valid to quote these factors in written descriptions. With this knowledge in mind many herbaria

accept plants from cultivation, but note that they are from cultivated origins. However, such plants
can only be truly (i.e. scientifically) useful if they were originally gathered from the wild and with

precise location and relevant field data recorded (these issues are described in more detail in Chapter

7). With this information taxonomists can make acceptable scientific observations from cultivated

material and even match variation to different geographical locations or soil types.

Question 14. Of all the live plants cultivated in your botanic garden, can you give a very

rough estimate of the percentage used actively in taxonomic research? In this case "actively" was
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defined as the taxonomist visiting the plant about six times a year to check development, size,

flowering etc.

The question attempted to get information about the level of use and was set as a follow-on

from Q10. So far Part 2 of the questionnaire had tried to establish if plants were used to support

research, the extent to which they were regarded as essential/helpful and their importance in relation
to other resources. Now an attempt was being made to ascertain the level of use.

Summary of Q14 results: world figures. Fig. 4.25 shows a clear pattern with progressively
fewer gardens using larger proportions of their plants to support research. In only 3.7% of cases were

more than 80% of the plants used and in 42.7% less than 10% were used. In other words in nearly
half of the world's botanic gardens less than 10% of the live plant collections were used to support

taxonomic research. 17.0% of gardens did not respond, possibly indicating a lack of knowledge.

Summary ofQ14 results: continental figures. Figures varied greatly. Asia and Africa scored

above average in the greater than 80% usage (10.3% & 5.3% respectively). N America, S America

and Europe were below average (1.3%, 0.0% & 1.6% respectively). These results correlate exactly
with the findings from Q8. The 60-79% use bracket had a similar trend except that the S American

score jumped to 2% above average, a result hard to interpret. The figures continue in a manner that

would be expected having seen the first two categorise as they are represented in Fig. 4.25; Fig. 4.26
shows the figures for each continent. In the less than 10% category Africa and Asia were below

average (31.6% & 23.0% respectively) and the others were above average, N America and

Australasia particularly so (57.9% & 50.8% respectively).
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Fig. 4.25. Percentage of live plant collections used actively to support taxonomic research.
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Fig. 4.26. Percentage of live plant collections used actively to support taxonomic research, arranged by
continent and showing the average.

Q14 Analysis and discussion. Questions 8-12 appeared to be building a picture of the live

plant collections being important for taxonomic and other research in botanic gardens. Such work
was carried out in nearly 60% of gardens (Q8) and in nearly 70% of cases (Q9) plants were used to

support it. Question 10 showed that their extent of use was moderate and Question 11 revealed that
in 79% of cases such plants were said to be essential or at least helpful. Question 12 showed that they
were considered to be the most important resource and Question 13 confirmed that studying such

plants was reasonably or totally valid from a scientific viewpoint. However, Question 14 reveals that
in only 16.5% of gardens are more than 40% of the plants used actively and in 42.7% less than 10%
are used in this way. This appears to be an incredibly low rate of use bearing in mind that in many

cases the provision of plants for scientific research is the main function of many garden departments
and it also calls into question the role of the large numbers of plants not used in this way. What is

interesting to observe, however, is the very close correlation with Q8 which asked if taxonomic
research was carried out at the botanic garden or institution. Those that scored highest in Q8 also

scored highest in Q14.
These figures can be interpreted in two ways; either, the research function focuses actively on

only a few plants, or, that many plants are involved, but are not used very actively. Table 4.10 shows
that it is the Government, especially, and also University-funded botanic gardens that use the largest

number of plants from their collections to support taxonomic research. Town council, museum,
endowment and public support funded botanic gardens conversely do not use many of their plants in
this way.
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Funding agency % Plants used actively in taxonomic research
>80% %* 60-79% %* 10-19% %* <10% %*

Government 15 7.1% 15 7.1% 39 18.5% 73 34.6%
Town Council 1 0.9% 4 3.7% 15 14.0% 50 46.7%

University 6 2.6% 7 3.1% 38 16.6% 97 42.4%

Museum 0 ocz&Tc 0 0.0% 0 0.0% 2 25.0%
Endowment 0 c°k5% 0 0.0% 9 19.1% 24 51.1%
Public support 1 2.4% 0 0.0% 4 vO 00 sR 24 58.3%
Other 5 5.9% 4 4.7% 12 14.1% 37 43.5%

Table 4.10. Correlation between main funding source (Q3) and percentage of live plants used actively in
taxonomic research (Q14). Results show two highest and two lowest percentage categories only from Q14. * =
% of that funding agency using that percentage of plants (i.e. 7.1% of Government funded botanic gardens use
>80% of their plants actively). (It should be noted that this table shows only the top two and bottom two categories, whereas
Q14 had six categories in total. The percentages are calculated from the totals and therefore do not sum to 100% in this table).

Table 4.11 shows that, not surprisingly, it is the botanic gardens listing taxonomic research as

one of their three main functions that use the greatest proportion of their live plants to support

taxonomic research. Gardens scoring the provision of urban greenspace also scored highly,

surprisingly, in this respect, but also scored highly in the <10% category (unlike taxonomic research

which scored lowest in the <10% category).

Question 15. What sort of influence do taxonomic staff in your institution have over, a)

the acquisition and, b) the management policy of the live plant collections in your garden?
This question was included to test the philosophy that if plants in botanic gardens were

primarily grown to support taxonomic work, then to what extent do taxonomic staff in those botanic

gardens have an influence on what is collected and how it is managed. Visits to many botanic

gardens have revealed friction between garden staff and scientific/taxonomic staff. The latter often

feel that the gardening staff decide what to grow and how it is grown and yet plants are supposed to

be there to serve science. In some ways this question is at the heart of the whole thesis because it

starts to question the very existence of live plant use in botanic gardens. If it is revealed that

taxonomic staff have no influence then one should start to question the whole structure and function

of the garden side of botanic gardens, especially those who stated that taxonomic research was one of

their major policies.

Question 15a dealt with acquisitions.

Summary of Q15a results: world figures. 21.5% (representing 167 gardens in the

questionnaire) answered that they had complete influence over the acquisition of live plants, 34.5%

(268 respondents) said they had moderate influence, 8.9% (69 respondents) had no influence and

12.6% (98 respondents) said they had influence only with self-collected plants. If the first two and

the last figures are combined it shows that 68.6% had some sort of influence. The high '0' score of
21.8% (169 responses) should be noted.
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Botanic Garden Policies % Plants used actively in taxonomic research
>80% %* 60-

79%
%* 10-

19%
%* <10% %*

Taxonomic research 13 5.9% 13 5.9% 55 25.1% 64 29.2%

Public education 7 1.5% 14 2.9% 65 13.5% 227 47.1%

Horticultural Training 1 1.4% 0 0.0% 8 10.8% 34 45.9%
Provision of quality urban 10 5.5% 7 3.9% 19 10.5% 83 45.9%

greenspace
Supply of plant material for 13 4.3% 8 2.6% 55 18.1% 135 44.4%

teaching/research
Horticultural trials 2 1.8% 5 4.4% 16 14.2% 51 45.1%
Conservation of native 20 4.3% 20 4.3% 78 17.0% 191 41.5%
and/or exotic plants
Management of nat. park 1 1.6% 1 1.6% 10 16.4% 34 55.7%
Other research 6 4 5.1% 10 12.7% 43 54.4%

Other policies 1 1.5% 1 1.5% 3 4.4% 33 48.5%

Table 4.11. Correlation between major policies (Q4) and percentage of plants used actively in taxonomic
research (Q14). Results show two highest and two lowest percentage categories only from Q14. * as in
Table 4.)Ho.

Summary of Q15a results: continental figures. The figures varied only slightly from

average and comment on them has therefore been condensed in Footnote 4'u, below. The distribution
of results is shown in Fig. 4.27.

Q15a Analysis and discussion. On a continental basis figures do not vary so much from

average as to arouse great curiosity. The average for the 'no influence' figure of 8.9% was lower than

the author had expected; from casual discussions with taxonomists before starting this project the

impression was gained that the horticultural staff had more influence than the figures suggest. It may
be true to say that taxonomic staff collect most of the plants which are used to support specific
research projects while horticulturists acquire those for general collections and display. Additionally,
while the figures show that taxonomists have considerable influence it could well be that
horticultural staff do also. These points are raised again in the interviews and also when accessions

policies are being analysed in question 17 and other chapters (e.g. Chapter 7) dealing with the

management of live plant collections.

Question 15b dealt with management

Summary of Q15b results: world figures. The same range of figures is presented in this
answer but the emphasis is different. The centtal response of 'moderate influence', at 35.4% (275

responses) is very similar to the corresponding answer from Q15a but 'complete influence', at 13.5%

(105 responses) is 7% lower while 'no influence' at 14.3% (111 responses) is 5% higher. 'Influence

only with self-collected plants' is down about 2.5% to 9.9% (77 responses). The non-response was

high at 26.3% (204 responses).

411
Figures for'complete influence' vary slightly from the average; Africa scored the highest with 26.3% and S America was lowest

with 12.1%; other figures were close to average. The 'moderate influence' category was more variable with N America and Asia
highest at about 6-7% above average and S America lowest at about 13% below average; Australasia and Europe were about 4%
below average and only Africa was near to average. 'No influence' showed S America to be about 6% above average and Africa and
Asia to be about 4% below average. The last category 'influence only with self-collected plants' shows N America to be about 5%
below average, S America about 8% above average and the other continents fairly close to average.
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Summary of Q15b results: continental figures. Results follow the same pattern as in Q15a

except that in the first category the degree of variance was much greater. Please refer to Footnote 412
Fig. 4.28 illustrates these trends.
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Fig. 4.27. Influence of taxonomic staff on acquisition policy of live plant collections.

Q15b Analysis and discussion. The figures would generally be expected to be lower in part

b) of this question than part a) because management of live plant collections is more the preserve of
horticultural staff than acquisition. However, the author believes that the greatest benefit is derived

from such collections when taxonomic staff who have an interest in a group of plants are also able to

exert some influence on management. This point is mentioned again in the interviews and also in

Chapter 7. The 'complete influence' figure is down and the 'no influence' figure is up compared with

part a) while the 'moderate influence' is similar and 'pivotal' in the mathematical sense between these

figures. These trends were to be expected and arouse little curiosity. The result of the 'influence only
with self-collected plants' is surprising; the author would have expected that these would have been
the major plants over which taxonomic staff had influence and that it seems odd that only about 10%

of staff had such influence. The variations within the continental figures arouse little interest.

The final question of Part 2 of the questionnaire sought opinions from taxonomic staff about
the extent of use of live plant collections. This was done to, again, check the validity of use. It would
be extremely interesting to correlate the amount of use (i.e. Questions 10, 11, 12 & 14) against the

opinion of sufficient use. For instance, perhaps only 10% are used but the taxonomist considers that

sufficient compared to a situation where more than 80% are used but the taxonomist does not

4 12
In the 'complete influence' categoiy Africa was again highest with 28.9% (about 15% above average) and S America was lowest

with 3.0% (10% below average). The figures for 'moderate influence' were closer to average; Asia was highest with 39.1% and
Africa was lowest with 23.7%. In the 'no influence' category, S America and N America were higher than average with 21.2% and
17.6% respectively while Africa was below average with 10.5%. In the 'influence only with self-collected plants', S America was
above average with 18.2%; all other results were close to average. The non-response figures were all fairly close to average.
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consider that that is sufficient. The question was split into 2 parts a) own botanic garden and b),

other botanic gardens.

DEGREE OF INFLUENCE: MANAGEMENT
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Fig. 4.28. Influence of taxonomic staff on management policy of live plant collections.

Question 16. In your opinion do you think that taxonomic research staff make sufficient

use of the resource of the living plant collections in your, and other, gardens?

a) Your garden

Summary of Q16a results: world figures. 30.4% of gardens (representing 236 gardens in

this questionnaire) stated that they thought sufficient use was being made but 46.5% (361 responses)
felt that insufficient use was being made. 23.1% (179 responses) did not respond.

Summary of Q16a results: continental figures. Figures by continent varied considerably.
Africa and Asia were above average with results of 44.7% and 40.2% respectively responding

positively. S America and Australasia were below average scoring 15.2% and 23.1% respectively. N

America and Europe were close to average. Fig. 4.29 depicts this variation.

Q16a Analysis and discussion. The figures reveal a remarkable admission- fewer than one

third of the respondents felt that taxonomic research staffmade sufficient use of the resource of the

living plant collections in their botanic gardens, nearly half felt that not enough use was being made.

Table 4.11 shows the link between the results of this question and funding agency (Q8). All figures
are low but it reveals that in government, university and, surprisingly, endowment-funded botanic

gardens staff felt that a better level of use was being made of the live plant collections by in-house

staff, compared to botanic gardens funded by other sources. The negative response, however, in

seeming contradiction, reveals that university funded botanic gardens fare very poorly in this respect,

coming second highest behind public support funded botanic gardens. The table shows that in 51.5%

of cases staff in university funded botanic gardens felt insufficient use was made of the live plant

collections. Such gardens were able to figure highly in both responses due to those who did not
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respond to the question from other funding sources (i.e. those who scored '0'). University funded
botanic gardens were lowest in this respect, consequently pushing up their scores in the other

responses.
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Fig. 4.29. Graph illustrating the extent to which taxonomic staff make sufficient use of the live plant
collections at their own botanic garden.

It is interesting to note that Africa has been high throughout this Part- highest in Q8, 2nd in

Q9, highest in Q10, 4th in Qll, putting herbarium material highest in Q12, just above average at 3rd

in Q13, 2nd highest category in Q14 (2nd lowest in category 6, less than 10%), highest in Q15a and

Q15b, Q16a and Q16b. This correlates well with the fact that most of its gardens are Government

funded (65.8% compared to the average of 27.2% - Q3). Asia also scored well above average and

they too have a higher than average (10% above average) figure for Government funded gardens.

The high non-response figure can probably be explained by the inability of institutions able to answer

as they did not carry out taxonomic research. Of institutions not responding to this question, 123 did

not carry out taxonomic work and 23 did (these figures were taken from Q8).

Question 16b. Other botanic gardens

Summary of Q16b results: world figures. While the "No" response remained similar to

Q16a (46.5% and 47.2% in Q16a and Q16b respectively), the "Yes" figure is down by about 12% to

18.7%. These percentages represent 366 and 145 responses respectively. The non-response figure is

up about 11% to 34%, representing 264 responses.

Summary of Q16b results; continental figures. The pattern of results by continent follows
the same pattern as in part a); all 'Yes' responses are down about 10-12% except the figure from S
America which, at 15.2%, has not changed. The figure for Asia has changed most radically, down
from 40.2% in part a) to 21.8% in part b). The "No" results are also close to average and followed
the pattern set in part a). Africa, at 31.6%, stayed the same as in part a) and S America scored 67.7%
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in part a) and dropped about 30% to 36.4% in part b), obviously reflecting strong feelings by the

respondents about their own institutions. Non-responses were fairly close to average; the trend being
consistent to part a). The major deviation was with the responses from S America; in part a) the

figure was about 5% below average, in part b) the result was 11% above average, possibly reflecting"
a desire not to comment on other institutions' position. Fig. 4.30 shows these trends.
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Fig. 4.30. Graph illustrating extent to which taxonomic staff at "other" botanic gardens make sufficient
use of the live plant collections.
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Q16b Analysis and discussion. While the results from part a) were critical of the level of use,
in part b) the levels of implied criticism were greater, revealing an even worse situation. Respondents
were of the opinion that in only 18.7% of 'Other' botanic gardens was sufficient use made of the

resource. The 'No' response was similar to Q16a at just under 50%. The non-response of 34.0%, up
from 23.1% in part a) probably reflected a desire not to comment on the situation of other

institutions. Table 4.11 shows the link between the results of this question and funding agency (Q8).

Discounting the results from 'Other' the findings are similar to those from Q16a; government and

university funded botanic gardens scored highest in the 'Yes' category though university funded
botanic gardens still scored highest in the 'No' category.

The results from Q16 and Q16b disclose a remarkable admission, that taxonomic staff

themselves feel that insufficient use is made of the resource of live plant collections in botanic

gardens.

4.7 Results and analysis of interviews
Introduction. The rationale for the interviews was described in Chapter 3.4. along with

information on sample selection, presentation, interview technique and analysis. Interviews were

conducted in a total of 41 botanic gardens and data concerning research was collected from almost

all these with the exception of some those on the Indian/Sri Lankan study tour. It should be noted

that the information presented in this section is only that which was gained from the interviewing
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staff and not from observation or texts and therefore is only as accurate as the knowledge of the staff

concerned. Finally, it should be noted that in the tables below the 'Europe' heading refers to study

tour 1 which covered the Net herlands and Germany and 'India' refers to study tour 3 which covered

India and Sri Lanka.

Funding agency
Yes % No

Q16a
% "0" %

Government 78 37.1% 93 44.3% 39 18.6%
Town Council 23 21.5% 51 47.7% 33 30.8%

University 77 33.6% 118 51.5% 34 14.8%

Museum 1 12.5% 2 25.0% 5 62.5%
Endowment 15 31.9% 16 34.0% 16 34.0%
Public support 4 9.8% 23 56.1% 14 34.1%
Other 24

Yes

28.2%

%

39

No
Q16b

45.9%

%

22

"0"

25.9%

%
Government 49 23.3% 93 44.3% 68 32.4%
Town Council 14 13.1% 50 46.7% 43 40.2%

University 43 18.8% 122 53.3% 63 27.5%
Museum 0 0.0% 2 25.0% 6 75.0%
Endowment 6 12.8% 19 40.4% 22 46.8%
Public support 4 9.8% 20 48.8% 17 41.5%
Other 22 25.9% 41 48.2% 22 25.9%

Table 4.12. Correlation between funding agency and opinions by scientific staff in botanic gardens about
levels of use of live plant collections. Q16a refers to their botanic garden, Q16b refers to other botanic
gardens. "Yes" indicates they think sufficient use is made of the live plant collections, "No" indicates
that they do not think that sufficient use is made of the live plant collections.

The interview schedule sheet for Research presented in Chapter 3.4 shows that eight questions
were posed starting with the types of research done and whether plants were used to support this.

They progressed to the ways in which the plants were used and the relationship between scientists
and the horticulturist who cultivated them, and concluded with enquiring about the proportion used

to support research, the role of the ones which were not used and possible future developments.

Question 1. What are the main types of research that you do here?

This question was asked to find out the numbers of botanic gardens doing research and the

types of research being undertaken to see if the emphasis was on any one type, such as taxonomic

research. The information gained would also set the boundaries within which the answers to the

other questions could be analysed. Tables 4.13 - 4.15 summarise the main findings.

Research types Number Notes/examples
Taxonomy 7 Inch trop Africa, neotropics, E Medit., Cape Verde Is., cultivated

plants, Cacti, Araceae, Orchidaceae, Compositae, Primul. also
applied, computer & chemotaxonomy

Physiology 2 Leiden Univ BG & Wageningen Univ BG
Pollen studies &/or 5 Include, bat pollination at Tubingen Univ BG
pollination mechanisms
Climate change 1 Hohenheim Univ BG

Veg. migration 1 Hohenheim Univ BG

Mycology 1 Tubingen Univ BG
Ecology 1 Leiden Univ BG

Cytogenetics 1 Berlin BG
No research/not applicable 2 Vrije Univ BG, Hannover Green Sch.
Table 4.13. Summary from European interviews showing numbers of botanic gardens undertaking
certain types of research and giving some examples of specific projects.
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Research types Number Notes/examples
Taxonomy 11 Very wide range, include, epiphytes, orchids, palms, cycads,

succulents, neo-tropics, natives; includes evolutionary research
Conservation 9 Meadow management, demography, reproductive biology,

population dynamics, seed storage and use of fire
Economic botany 1 Work on "new" crops and tropical fruits
Plant biochemistry 2 Screening plants for pharmaceutical properties
Ecology 4 Including urban ecology, often linked to conservation
Pests & Diseases 2 Mostly of ornamentals, screening for resistance
Pollen studies 2 Including cycad pollination
Genetics 3 Including cytology, genetics of ferral Brassica populations,

cytology & genetics ofNicotiana, genetics of ornamentals
DNA analysis 1 Mostly on native plants
Little/no research 4 N Carolina Arb, Atlanta BG, Strybing Arb, Chicago BG
No interview 1 Unable to meet research staff at Arnold

Table 4.14. Summary from USA interviews showing numbers of botanic gardens undertaking certain
types of research and giving some examples of specific projects.

Research type Number Notes/examples
Taxonomy 3 All Indian native plants
Ecology 2 No examples given
Physiology 1
Cytogenetics 1
Palynology 1
Mycology 1
Pathology 1
Plant breeding & genetics 1
Micropropagation 1
Horticulture 2 In connection with commercial crops
Little/no research 3

Table 4.15. Summary from Indian/Sri Lankan interviews showing numbers of botanic gardens
undertaking certain types of research.

Q1 Analysis and discussion. The summaries in the tables above show that taxonomic
research is very much the most common type of research carried out by botanic gardens. The high
numbers undertaking taxonomic research is rather at odds with the figures obtained from the

questionnaire but it should be remembered that the gardens visited were the 'elite' gardens mentioned
in Chapter 3 and therefore a higher than average figure was expected. The trend of European botanic

gardens carrying out more taxonomic research than American botanic gardens was, however,
consistent with the questionnaire, as was America's high level of interest in conservation. It was

interesting to note Europe's high level of involvement in exotic floras compared with America's

approach which was very local (for example Rancho Santa Ana Botanic Garden- Californian natives,
Desert Botanical Garden,Phoenix- SW USA natives especially succulents & Garden in the Woods-

natives of New England). Missouri Botanical Gardens was an exception to this, having a world wide

interest, but with particular involvement in the neo-tropics. Pollen studies, DNA research,

pollination mechanisms and cytogenetical work were all consistent with expected findings. The one

surprise was the very interesting work on climate change, vegetation migration and ancient crops

being undertaken at the University of Hohenheim Botanic Garden. Results from this question have
contributed to Chapter 4.4. The diversity of research in India seemed very narrow with taxonomic

research by far the highest. However, while 3 out of 9 gardens claimed to be carrying out taxonomic
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research in the interviews, Q8 of the questionnaire shows 18 out of 19 gardens in India claiming to

be carrying out taxonomic research.

Question 2. Are the live plant collectionsused to support any of this research?
This question was posed simply to fmd out if the plants in the collections supported this

research. If they did then further questions would find out how they were used, if they did not then
further questions would try to establish what their function was. Table 4.16 summarise the results.

Response Europe USA India
Yes 6 8 3

Yes, but seldom needed 2 9 3
No because no research done 2 4 3
No interview - 1 -

Table 4.16. Summary from study tour interviews showing numbers of botanic gardens in which live plant
collections are used to support research.

Q2 Analysis and discussion. The tables, above, show that while the live plant collections are

used to support research in many botanic garden they are, in fact, seldom needed in almost as many

other botanic gardens. If the collections were established to service the research function of these
botanic gardens then this is a serious, but not unexpected, admission. While the plants may well be
needed for other purposes it calls into question either the composition of the collections, the
continued retention of the collections or the state of dialogue between scientists and horticulturists.

These issues are discussed at the end of the thesis, in Chapter 8.

Question 3. Are the plants which are used to support research situated in the established

landscape of the garden or are they located in the "behind the scenes" glasshouses/holding
areas (i.e. not normally open to the public)?

Knowledge of botanic gardens has given the author the impression that plants in the main

landscape of botanic gardens are rarely used for research and that most plants that support research
are housed in special structures away from the public areas of the garden. This question sought to
find out if this was true. If it was then serious questions needed to be asked about the function of the

plants in the general, public landscape. Table 4.17 presents a summary of the interview findings.

Response Europe USA India

Mostly in garden 1 7 5

Mostly "behind scenes" 6 4 -

Both 1 5 1
Difficult to say - 1 -

No because no research done 2 4 3
No interview - 1 -

Table 4.17. Summary from the study tour interviews showing the location of research plants within
botanic gardens.
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Q3 Analysis and discussion. The summaries, above, indeed show that in most instances the

plants which are used to support research are grown 'behind the scenes'. However, this was not the

case in India as many of the gardens did not posses such 'behind the scenes' facilities. Having now

established this as fact the scientific role of the ones in the general landscape can be questioned. This
is not answered here but in the discussion at the end of the thesis.

Question 4. What exactly are the plants needed for, what do you, or others do with

them?

This might seem obvious but the author wanted to know just what was done with the plants so

as to gain a better understanding of why they are needed. The results are summarised in Tables 4.18
- 4.20 and have also been used in the compilation of Chapter 4.4.

Response
Support taxonomy

For pollen research
For cytogenetics

Number Notes/examples
7 To use to study and measure morphological characteristics & also

for plants that do not make good herbarium specimens
2 Wageningen BG & Berlin BG
1 Berlin BG

Table 4.18. Summary from European interviews showing the ways in which live plants are used to
support research.

Response Number Notes/examples
Support taxonomy 10 To use to study and measure morphological characteristics & also

for plants that do not make good herbarium specimens
P & D resistance in 2 Mostly by observation & monitoring
ornamentals
Seed storage trials 1 Garden in the Woods, on natives
Germination trials 1 Garden in the Woods, on natives
Pharmaceutical screening 1 NYBG in collaboration with companies
Ecological studies 2 On-site habitat trials & intensive on-site ecological studies
For pollen research 1 SEM studies

For cytogenetics & DNA 4 Univ of Calif and Rancho Santa Ana - mostly on natives
studies

Experimental taxonomy 1 Desert BG, Phoenix; hybridisation to determine species status
propagation trials 3 Endangered natives
No research 4
No interview 1

Table 4.19. Summary from USA interviews showing the ways in which live plants are used to support
research.

Response Number Notes/examples
Support Taxonomy 3 To use to study and measure morphological characteristics &

also for plants that do not make good herbarium specimens
Few/no other responses given 6
Table 4.20. Summary from Indian/Sri Lankan interviews showing the ways in which live plants are used
to support research.

Q4 Analysis and discussion. The results show that while plants in many botanic gardens are

used to support traditional taxonomy they are also used to support a diverse range of plant-based
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research (except in India). It appears from the interviews that their usage is more diverse in

American than in European botanic gardens.

Question 5. Would you be able to pursue.your research objectives without the live plant

collections? What sort of alternatives would you have?

Having found out what the plants are used for, this question sought to see how essential the

plants were by asking if staff would be able to continue their research without the live plant
collections and to ask what alternatives they would have. The results are summarised in Table 4.21.

Response Europe USA India

Emphatic "Yes" 0 6 2

Qualified "Yes" 2 3 1

Emphatic "No" 4 4 1

Qualified "No" 1 3 2
No research 2 4 3
No interview - 1 -

Table 4.21. Summary from study tour interviews showing numbers who would and would not be able to
pursue their research objectives without the live plant collections.

Few, from any study tour, were able to comment on suitable alternatives; either there were

none or it would mean more travel, field work and expense.

Q5 Analysis and discussion. The results show that plants from live collections, as a resource

to support research, are not that essential; the majority of those interviewed said that they would be
able to pursue their research objectives without them. Proportionately more in Europe replied that

they would be unable to continue than in the USA; in India the results were balanced. This is

obviously a disappointing and disturbing result which calls into question the existence of

scientifically-based live plant collections in botanic gardens. Again, this issue is taken up in the last

chapter of the thesis.

Question 6. i) Do you have a good working relationship with the garden staff who
maintain your collections?

ii) Are the plants grown in the way and to the standard that you need?

iii) Do you have a say in the way in which they are grown?
The purpose of this question was to gauge the level of interaction between the scientific staff

who use the collections for research and the horticultural staff who maintain the collections for that

purpose. Ideally, interaction should be close and co-operative but the author's experience of botanic

gardens suggests that this was not necessarily the case. The question sought to provide evidence. The
results are summarised in Tables 4.22 - 4.24.
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Response I. Good relationship ii. Standard required iii. Input from scientist
Yes 8 8 7
Not applicable 1
No research 2 2 2

Table 4.22. Summary from European interviews showing relationship/co-operation between scientific
staff and horticultural staff.

Response i. Good relationship ii. Standard required iii. Input from scientist
9 9 9 10

Yes, but seldom asked 7 - 2

Not applicable 1 1 1
No information - 7 1

No/little - - 3
No research 4 4 4
No interview 1 1 1

Table 4.23. Summary from USA interviews showing relationship/co-operation between scientific staff and
horticultural staff.

Response i. Good relationship ii. Standard required iii. Input from scientist
Yes 6 2 3

Yes, but seldom asked 4 3
No research

Table 4.24. Summary from Indian/Sri Lankan interviews showing relationship/co-operation between
scientific staff and horticultural staff.

Q6 Analysis and discussion. The results were a genuine but pleasing surprise. Many years of

experience in botanic garden had given the author the impression that relationships were not always

good giving rise to many management problems and ultimately having a 'knock-on' effect into the

quality of research. It is emphasised that where live plants are used to support research the

relationship between the scientist and the grower of his plants is crucial to success; it must be good
and it must be two way. If the relationship is good then there can be a free flow of information
between the two and as a consequence plants will be grown in the ways, and to the standard,

required. This relationship is discussed again in Chapter 7.

Question 7. In what other ways do you think that the live plant collections could be used

to support taxonomic and other research; how do you see this developing in the future?
This question looked to the future to see if any trends concerning future roles or functions of

the live plant collections, in relation to research, could be identified. The results are summarised in
Tables 4.25.

Q7 Analysis. The responses were rather disappointing with few imaginative ideas for the

future emerging. Many hoped formore of the same while others simply hoped to be in existence in

the future!. Conservation related research did seem to be the main area for the future along with

traditional taxonomy. The lack of ideas from the European visit could be attributed to the recession

in Germany; during the time of the visit most botanic gardens were experiencing financial cuts or
freezes. The complete lack of any ideas in India and Sri Lanka was also disappointing.

215



Response Europe USA India
More of the same 1 3 1

Cultivated plant taxonomy - 1 -

Horticultural research - 1 -

Pharmaceutical research, chemical screening, breeding P & D 1 1 -

resistance into ornamentals
Less taxonomic research, more ecology & conservation - 1 -

Conservation research - 2 -

Endowments for specific research on collections - 1 -

Material for DNA research - 1 -

No ideas 6 7 5
No research 2 3 3
No interview - 1 -

Table 4.25. Summary from study tour interviews showing ideas concerning future roles or functions of
the live plant collections, in relation to research.

Question 8. a) What proportion of the live plants are used to support research and b)

what is the purpose of the ones that are not supporting research?

Question 14 of the questionnaire had already posed this question, and in a far more detailed

way. Never-the-less it was asked again for interest and as a prelude to Q8b which asked about the

purpose of those not grown to support research. Part b) is an obvious yet important question that

should be asked about all plants in botanic gardens; if they are not being cultivated to support a

particular function, then what are they held for? Tables 4.26 and 4.27 summarise the results.

Response (Q8a) Europe USA India

Very few/small 5 12 5
Moderate 1 3 1
Moderate plus - 2 -

Many 1 - -

No research 2 4 3
No interview 1 1 -

Table 4.26. Summary of study tour interviews showing proportion of the live plants used to support
research.

Q8b

Response (Q8b) Europe USA India
Education 2 16 3

Display 1 18 7
Conservation - 6 3
Horticultural evaluation - 2 -

General biological holdings - 1 -

No response 5 - 2
No research 2 - 3

No interview - 1 -

Table 4.27. Summary of study tour interviews showing purposes of live plant collections not used to
support research.

Q8 Analysis and discussion. As expected and already judged from the questionnaire, levels
of use are very low. The purposes of the plants not used to support research were generally seen as

conservation, education and display, which is not at all surprising. However, surprisingly few
mentioned biological reference which appears important to the author and is discussed in more detail

in Chapter 4.5.
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The interviews confirmed trends already established in the questionnaire but were able to give

a deeper insight into issues and problems. Discussions were difficult to summarise in tabular form
but very helpful in providing the author with a detailed insight into the research policies and
facilities ofmany botanic gardens. Their value should not be judged in providing information for this

part of the chapter only; their value permeates the entire study and the conclusions reached in the
final chapter.
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CHAPTER 5. THE USE OF LIVE PLANT COLLECTIONS TO SUPPORT EDUCATION IN

BOTANIC GARDENS

5.1 Introduction

Fig. 5.1. Taken worldwide, education is arguably the most important function of botanic gardens
£

Education has been an important function of botanic gardens since the earliest ones were
founded in the seventeenth century, It is now, arguably, their most important role. The earliest ones

were limited largely to teaching medical students and apothecaries to correctly identify and

distinguish the various properties of plants. The preface to Sutherland's Hortus Medicus

Edinburgensis, A Catalogue ofPlants in the Physical Garden at Edinburgh (1683) observes that: "it
is evident that the Apothecaries' apprentices could never be competently instructed in the knowledge
of simples (which necessarily they ought to be) before the establishment of this garden; for now they

may learn more in one summer, than formerly it was possible for them to do in an age" (the full
version of this preface can be seen in Garden Profile 1 in Chapter 2).

Later, as the science of botany became separated from medicine, so botanic gardens became
associated with plant physiology and plant classification rather than with the medicinal properties of

plants. In their capacity as providers of fresh material to support botany classes for undergraduate
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students, botanic gardens cultivated a great many species of plant and often in great quantities.

During the nineteenth century in western Europe the changing nature of work and recreation along

with social reforms and changes in education resulted in large numbers of the population visiting

museums, zoos and botanic gardens to look at all sorts of living and preserved organism or artefacts-

often neatly arranged in glass display cabinets. While museums gave insights into past cultures

through their artefacts, and zoos displayed animals, so botanic gardens were able to offer a view on

the diversity and importance of plants. These outings can be regarded as just one part of the start of
mass public education (as opposed to organised school or university education) that grew steadily
until the 1960s and 1970s after which it experienced, and continues to experience, a period of

unprecedented growth.
While the type of education offered by family outings to museums, zoos and botanic gardens

had its roots in the nineteenth century, so organised school outings to botanic gardens had their

origins in the early part of the twentieth century. This aspect of education has also experienced a

rapid increase in popularity in recent years and botanic gardens are now regarded as resource centres

enabling school children, both primary and secondary, to complete necessary aspects of their
curriculum. Gone are the sedate crocodiles of children taken to view rice, cocoa and rubber - in are

role playing, face painting, dyeing, ecological games and hands-on practical workshops. And botanic

gardens are viewed not only as places to study plants and nature, but also the arts, maths and cultural

subjects; RBG Kew, for instance, runs courses in every subject of the National Curriculum except

Physical Education. To help school children, adults and indeed all visitors most botanic gardens have

education departments, often staffed by experienced teachers, able to give talks, guided tours,

demonstrations, liaise with school teachers, write leaflets, booklets and information boards.

Interpretation, a branch of education, has also expanded considerably in recent years and a plethora
of interpretive boards, labels, leaflets and audio-tours exist within many botanic gardens.

While the level of taxonomy teaching in universities has diminished in the last thirty years

botanic gardens still play an important part in supporting tertiary education. Many still supply plant
material for teaching while others supervise postgraduate students, take plant identification classes

for landscape architects and run horticultural courses. While some work through close co-operation
with local universities, others manage their own full-time courses.

The visual quality ofmany botanic gardens is generally a result of other policies rather than a

policy in its own right. However, because many botanic gardens are attractive they are rightly used

for passive recreation (for example walking, looking, talking, sitting and reading). In fact the vast

majority of those that visit botanic gardens come for this rather than any type of formal education.
While not, therefore, of primary importance the provision of quality recreational space is never-the-
less a very important aspect of botanic gardens and it is, of course, the live plant collections which
contribute most positively to this.

A visit from secondary school children as part of a project to complete part of the National
Curriculum might reasonably be regarded as an educational visit and very different from the person
who comes to the botanic garden to read the Sunday papers. However, there are many instances
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where the dividing line between education and recreation is less clear-cut. for instance painting or

gardening classes or a family outing where the parents might read the occasional interpretive label

during a visit which is mostly devoted to a walk and picnic. For this reason recreation has been

included within the chapter on education rather than being given its own chapter. Recreation can

permeate into almost all parts of this chapter, but, in addition, is dealt with in section 5.6.

Education is one of the most important functions of botanic gardens and the live plant
collections obviously have a considerable part to play in the provision of education. (Q2 of the study
tour interviews revealed that in over 95% of the gardens visited, the live plant collections were used

to support educational activities). All the aspects mentioned above are dealt with in this chapter -
from primary school children to post graduate students and general public education to

interpretation. However, It should be remembered that this thesis concentrates on the role of the live

plant collections in botanic gardens and therefore aspects of education such as guide books and

public lectures are only mentioned briefly.
The value placed on the live plant collections by education staff and the extent to which they

are used to fulfil educational aims is investigated in the questionnaire (Part 4) and the study tour
interviews (Part B). These two surveys form an important foundation upon which to base the nature

of education in botanic gardens and the role of the live plant collections. As before, for ease of

reading, a summary of findings from the surveys is placed near the start of the chapter (section 5.3)

while the surveys themselves, which are rather lengthy, have been placed near the end (sections 5.7

and 5.8). The chapter follows the layout of Chapter 4.

5.2 Literature Review

Education has been quoted frequently in this thesis as one of the most important functions of
botanic gardens. Many papers describe education in general or highlight exhibitions in botanic

gardens but surprisingly few describe or discuss how the live plant collections may be used for
education. Some of the most important of the latter are described in the following review.

Folsom (1993) states that no organisation bears greater responsibility for informing the public

concerning the nature and importance of plants and their roles in natural systems than botanic

gardens. The education and outreach programme of any botanic garden should make this basic

message its greatest priority. Folsom goes on to say that they also must play an important role in
communication between those who study plants, those who collect plants and those who regulate

plants.

Henderson (1975) asserts the importance of botanic gardens in public education by stating
that they are immense living museums of the plant world, the equivalent of zoos but much richer in

species. He continues by saying that in the past their public education role has been rather passive
but that now a number of educational approaches are possible and many are simultaneously

necessary - explanatory brochures, guide lecturers, geographical plantings, natural order beds,

biological/ecological plantings, audio tours, explanatory labelling, special exhibitions and extra
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mural classes. All these considerations, he concludes, have implications for the size and content of

plant collections in botanic plantings.
Valdivielso (1987) stresses the importance of botanic gardens in environmental education

using the Botdnico "Viera y Claviyo" oh Gran Canaria as an example. The principal objective of this

garden is the conservation of the Canarian flora. In order to achieve this aim they appreciated that it

was vital for the Canarian population to understand the importance of the vegetation and the

advantages that it could bring for the development and future of the islands. As a consequence the

botanic garden has, over the last 10 years, developed a broad programme of environmental education
which has started to yield results on the island of Gran Canaria.

The various educational activities have been closely integrated with the national education

system of the Canaries and include;
- courses for teachers on the Canarian environment,

- the 'Flora y los Ninos' project in which 10,000 Dragon tree seedlings (Dracaena draco) were

distributed to school children who then looked after them for one year at home before planting
them in public areas,

- the creation of an educational resource centre, school laboratory and school nursery in the

garden with elaborate audio-visual aids,
- the incorporation of art and handicraft classes in environmental education, and,
- the creation of various prizes for environmental activities amongst schoolchildren.

This approach shows the benefit of a planned package of integrated activities between the

school education system and a botanic garden.
Edwards andWillison (1990) in their paper Green inheritance: the role of the botanic garden

in environmental education, given at the international conference Our common future: pathways for
environmental education state that the approximately 1500 botanic gardens worldwide are visited by
more than 150 million people annually and that four gardens - Sydney, Budapest, Heng-chun

(Taiwan) and Kew - receive a total of 7,500,000 visitors every year. In public relations terms this

represents a very impressive target audience and the potential for education and expanding
awareness of conservation issues is enormous. In their paper objectives, resources for learning,

approaches for learning, learning through role-play, multi-culture learning, global learning, learning
to care and learning together are all aspects that are explored and explained, with the use ofmany

examples from living collections.

Many of these topics are also described in A natural environmentfor Learning (Willison and

Wyse Jackson, 1992) which was the title, and subsequent proceedings title of amajor international

congress on education in botanic gardens, held in Utrecht in May, 1991. The publication includes

many significant papers from 24 contributors; topics range from networking and public relations to

multicultural issues, the participation of handicapped people and the background to education in

botanic gardens. Many case studies and descriptions of practical workshops are also included.
Environmental education, according to Smith (1992), which promotes environmental

awareness, concern and understanding is one of the most important educational processes today. He
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goes on to stress that botanic gardens have a definite role to play in developing appropriate attitudes

and behaviour, that may ultimately be responsible for saving the Earth. Botanic gardens, he

continues, can offer three main areas of study- botany (for instance plant classification and

identification), horticulture (how to grow plants) and environmental education. While the first two

have long been associated with botanic gardens the third is a newer concept. However, it is important
to appreciate that environmental education is more than information accumulation- it is to do with

attitude development and an understanding of "big-picture concepts".
There are many pathways to environmental understanding and in Smith's garden, the Royal

Tasmanian Botanical Gardens, Hobart, they use whatever works best. So children may be found lying
on their backs in the sun pretending to be leaves, happily photosynthesising and marvelling at how

all life on Earth depends on them, or wandering blindfolded through the Herb Garden using their
sense of smell to get to know a herb, or they can be seen learning how to grow trees from seeds or

plants from cuttings. For example, a recent successful project drew on a number of areas of study.

Students collected seeds from an endangered eucalyptus species, Eucalyptus risdonii, that grows near
their school. They were then shown how to prepare and plant the seeds, care for the seedlings and

how to plant them in their school grounds. They learnt how to identify eucalyptus, about the

importance of habitat, the threat of extinction, and then played an active part in preserving an

endangered species.
Garbari (1991) makes the important point that "we must fmd a way of offering the visitor

something that is clear, important, easy to recall and, above all, something that gives them food for

thought; for example about a particular ormeaningful aspect of plant biology, or the role of plants in

ecosystems, or the usefulness of a particular species. If the plants in a garden are interesting,

informative, attractive - if, in other words, a garden gives pleasure - it will be visited regularly; if not,
all the efforts to attract the public will be in vain". He continues by recalling that the analysis of a

sample of 1,300,000 visitors who visit Kew annually (see Burbidge, 1990, later in this review) shows
that only 7% are interested in the plants and only 4% come attracted by cultural or educational

interest. He concludes that if we want to have any effect, culturally speaking, we must go out to meet

that 90%, not those already converted to our cause who have some basic knowledge to rely on.

Norris (1988) explains that education has been a part of NBG, Kirstenbosch since its

foundation over 80 years ago. Some remarkable ladies were responsible for education in the 1920s

and 1930s, the paper recounts, and ten day nature study courses for teachers were given (surely one

of the earliest examples of teacher workshops). Children were taken on walks: "despite her strict

discipline, every walk was an exciting adventure to seek some special thing". Education since then

has increased in scope considerably and now includes horticultural instruction and programmes

based at field studies centres. Kirstenbosch is "an incomparable open air classroom".

Harvey and Fagg (1988) explain the approaches used by staff at the Australian National

Botanic Gardens to link indoor and outdoor methods of interpretation in an effort to focus visitor

attention on the plant collection.
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Shettel (1978) emphasises the importance of knowing your audience in creating educational

programmes and stresses the point that programme development and evaluation should be based

fundamentally on the notion of accountability to the public. He goes on to explore, for instance, the

design of exhibitions and the time spent by the public at each panel.

Burbidge (1990) makes a number of salient points about public education in his paper

Interpretation in botanic gardens which is mostly based on examples from RBG Kew. In the paper

he uses the word interpretation to cover all the ways in which Kew communicates with the public, for

example by lectures, tours, exhibitions, informative labelling and publications. The first point he
makes is that botanic gardens in general have been slow to follow the good lead taken by many
museums and few have a soundly based education policy. One explanation he gives for this slowness
is that it has been traditional to create education and exhibition departments by transferring

academic staff "with an interest in education" into newly created departments with the responsibility
to "communicate science". This process has, with few notable exceptions, not been a success as

academics too often by training and nature, tend to care more for ideas and objects, than people and
communication. Burbidge believes that their success as communicators will be in direct proportion to

the professional education, design and communication staff brought in from outside the organisation.
He further believes, as in museums, that it will be aided if academics, keepers and curators (who are

at present the power brokers) are kept from controlling decisions on the methods of communication.
In developing a policy on interpretation Kew has undertaken a visitor survey to find out who

comes to Kew and why and what their perceptions are. The survey, carried out in 1987, showed the

following results for reasons for a visit to Kew:

The survey asked many further questions but the one that gave the results above was perhaps
the single most pertinent one to this study as it showed that only 11% (the first and last figures) had
a specific or educational interest in plants; most of Kew's visitors were principally attracted by the

word 'Garden', which suggested relaxation and enjoyment, and by a curiosity about what was at Kew.

These general leisure seeking visitors obviously presented education staff with a challenge when it

came to choosing a target for interpretive activities.
Kew demonstrates the present dilemma in many botanic gardens-it is both a research

organisation and also a place to visit. The Gardens serve both the research effort by growing and

maintaining an unrivalled collection of plants, and also the public by growing plants in a landscape

and glasshouses which are pleasant to walk around and visit. The scientific staff regard the

organisation as a place of learning and, in general, consider that interpretation should present the
results of scholastic research. The horticultural staff focus on excellence in growing and displaying

plants as their main aim and believe, for the most part correctly, that it is this which attracts the

Special interest in plants
Recreation with an interest in plants
Relaxation in the open air
Outing to a leisure attraction
Educational visit

7%
36%
33%
20%
4%
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majority of visitors. The visitor's perception of Kew is different again. They regard the garden as a

place of leisure, enjoyment and entertainment and adopt a "window shopping" approach, moving

rapidly from feature to feature, only stopping briefly if something catches their eye. Like museum

visitors they spend the majority of their time walking, talking, visiting shops, toilets and catering
facilities. Stopping to examine a particular plant or absorb any of the information presented is a rare

event.

These different perceptions pose real problems and Kew has tried to provide interpretation on

different levels using different sites, materials and methods. The one exception is in exhibitions
which aims specifically at the uninformed visitor.

Burbidge's paper concludes with a number of examples of what Kew is doing but also

mentions three principles which are fundamental to their thinking and apply to all botanic gardens:

i Good interpretation will increase the visitors' understanding and enjoyment of the gardens

and plants and will help the development of a more responsible attitude towards plants (which

are of importance to mankind or a source of products which we can use and are earth's great

renewable resource),

ii Good interpretation will give a greater feeling of satisfaction to a visit and is therefore an

important element in developing visitor business which, in turn, will help finance scientific

research,

iii Good interpretation can increase visitor perception of the value of a garden's organisation
and build a constituency with a sympathy for a garden's work and its development.
Clark (1980) reports that 'discovery rooms' can add another dimension to a botanic garden

visit. These interactive exhibits had been developed in museums around the USA, but the popular

concept was not applied to botanical institutions until the creation of 'Explore-A-Plant' at Longwood

Gardens, a temporary experimental discovery room developed as a graduate student project. Its

objective was to assess the responses of families with children to a positive, hands-on, interpretive

experience. The room contained a variety of plant materials, activity stations and interpretive signs

encouraging visitor participation. A naturalistic/responsive evaluation system provided insight into
these visitors' reactions and opinions, showing that people of all ages became actively involved with
the exhibit. They felt that they had learned more about plants and recommended the project be

continued. Clark's paper continues by describing the features of such rooms and reference is made

again to her paper in section 5.4.
While many botanic gardens now have reasonable educational programmes and facilities for

children and adults there is a possibility that secondary school age children are not well catered for.

In support of this Driscoll (1983) states: "But from the way our education departments operate, one
concludes that the person somewhere between child and adult is to be avoided like the plague". Her

paper continues by highlighting the needs and problems of this age group, and in doing so describes

ways in which botanic gardens can usefully contribute to their education.
Cox (1988) in his paper From the Bottom Up- Designing Gardens for Education makes the

point that: "To the extent that we want botanic gardens to be educational, they should be designed
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with teaching and learning in mind", and he goes on to say that somehow, such a simple principle
can be quite difficult to achieve in practice. Educational design of botanic gardens is not a process

whereby educators adopt the role of landscape architects, nor do educators want to be telling

horticultural experts how to care for plants. But botanic garden educators do have an interest in how

people use gardens. They must express and assert that interest alongside the various other interests

that shape the design of their workplaces. The concept of design involves the broader purposes,

processes and principles that determine the development of gardens; the clearer and more thorough
the design, the smoother the development. Where there is a lack of educational involvement in the

design phase, educators have to be as concerned with political and economic pressures on gardens
education as they are with the finer details of labelling, displays etc. in which they become

manifested.

Cox continues by saying that the notion of educational design is more likely to be applied to

the development of new botanic gardens, or sections within more established gardens, but it may also

be extended to the evaluation and improvement of existing displays. There are two basic premises to

be dealt with: the first, that botanic gardens could and should be made more educational, and the

second, that educators have to be involved in botanic garden design. The questionnaire and study
J

tour interviews developed for this thesis try to find out the extent to which educators are involve„in

garden acquisitions and designs and the extent to which they have a good working relationship with

garden staff in procuring the plants and designs they need for their educational programmes.
The literature review has attempted to present some of the most recent relevant papers in the

context of education in botanic gardens.

5.3 Summary of questionnaire and interview results
A brief factual summary of the results from Part 4 of the questionnaire, which dealt with

education and part B of the study tour interviews, which also dealt with education is presented below.
Full numerical results of the questionnaire can be found in Appendices V and VII and tables, graphs,

analyses and discussions of the questionnaire and interviews are presented in full in sections 5.7 and

5.8 respectively.

From the questionnaire:

1. Live plant collections are used to a great extent by education staff in botanic gardens to

achieve educational objectives. Tours to view attractive displays, tours to view specific plant types
and plant material in lectures and demonstrations are all used in more than 76% of gardens.

2. In three out of four (74.1%) botanic gardens education staff are involved in plant

acquisitions policy and in 70.2% of gardens they are involved in garden designs/layouts. Staff in N

American, Asian and European botanic gardens are more involved in this respect than staff from

other continents.

3. 62.0% of botanic gardens had areas laid out with public education as the primary purpose.
Asian and N American botanic gardens were above average in this respect.
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4. Of the 62.0% mentioned above 23.1% of botanic gardens devoted more than 80% of their

gardens to education; 21.4% devoted less than 20%. N America was highest in the >80% category

while Africa was highest in the <20% category.

5. 76.3% of botanic garden educators felt that the live plant collections were their most

important resource. 11.7% felt that guide books and leaflets were most important, 7.5% voted for

audio-visual presentations and 5.7% thought that static exhibits of text/photos were most important.
6. 77.1% of botanic gardens supplied plant material to universities, colleges or schools for

practical classes and of these 50% considered that supplying such material influenced the range of

species or number of plants they grew in their gardens. When correlated with funding agency, it was
found that university funded botanic gardens constituted the greatest number of any type of botanic

garden that supplied plant material for this purpose and in fact that 92.6% of all university funded

botanic gardens did so. When correlated with policies, it was found that botanic gardens who stated

that public education, conservation, supply of plant material and taxonomy were their main policies
were the gardens who supplied such material most frequently.

From the interviews:

7. Guided tours, interpretation, publications/leaflets/ worksheets, and adult and children's
classes were the most frequently offered educational facilities or activities. Guided tours, for instance,

were offered in 80.5% of the gardens visited; but this takes no account of frequency, quality or

diversity.

8. A number of university-based European and Indian/Sri Lankan botanic gardens only
catered for university students (36.8% of the European and Indian gardens visited) and had no policy
for public education, though members of the public were welcome to enter the gardens. N American

botanic gardens generally ran courses/had facilities for all age groups, though a number of places

offered comprehensive ranges of in-depth adult courses.

9. In all the 41 botanic gardens visited the live plant collections were used to support these
facilities or activities.

10. Live plants were needed for the activities listed in 6, above, for a number of reasons, the

following of which were the most frequently quoted: basis for explanation/storey (53.7%), material

for lectures/demonstrations (43.9%), plant identification classes (29.3%), to show floral parts, leaves,

bark etc. (36.6%) and for gardening and propagation classes (19.5%).
11. Education staff in all the botanic gardens visited said that they would not be able to

pursue their educational objectives without the live plant collections and in only a very few cases

were there suitable alternatives to the live plant collections.
12. In most cases (73.2%) education staff said they had a good working relationship with

garden staff. In almost a third of cases (29.3%) they said that garden staff provided the sort of
material needed in the way that it was needed. A few gave qualified "yes" responses and also said

that they simply made do with what was available (41.5%) rather than ask for special material.
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13. A third of educational staff (31.7%) were totally or very involved in garden designs,
content and layout; 17% were partly involved and almost a half (46.3%) were not involved at all.

Results from the questionnaire were slightly different to this: 25.9% were 'greatly involved', 44.3%
were 'moderately involved' and 19.6% were 'not at all involved'.

14. In a few cases (12.2%) good use was said to be made of the whole garden, but more often

a 'moderate' proportion (29.3%) of the plants were said to be used to support educational activities.
15. When asked about other ways in which the collections could be used to support

educational activities or how they could be developed in the future, better, or more, interpretation
was quoted most often (41.5%). Other ideas included, 'more of the same' (24.4%), more of a 'hands-
on' approach (14.6%) and more outreach programmes (7.3%).

16. When asked about the role of the plants not used to support education, education staff

mentioned conservation (34.1%), visual display (61%) and research (39%) most frequently.

5.4 Types of botanic garden education
For the purposes of this section education is taken to include formal courses, primary,

secondary and tertiary levels of education and educational activities such as guided tours,

interpretation, hands-on activities and exhibitions. Passive recreation is not included here, but is
dealt with in section 5.6.

The following review has been compiled partly from information gained from the surveys and

study tours and partly from discussions with colleagues. It reveals the nature and diversity of
education that may take place within a botanic garden and through that an appreciation of the ways

in which the live plant collections may be used (see 5.5). For ease of description and comprehension

the section has been broken down into a series of headings but it is important to appreciate that many
of the items are complementary and not necessarily easy to 'pigeon-hole' under specific headings. For
instance a primary school group visiting a botanic garden may attend a guided tour, see an

exhibition, fill out worksheets and play 'environmental games'. Headings 1-3, below, cover

educational levels and 4 covers educational activities.

1. Higher education has long been an important function of many botanic gardens, a fact

that the existence of university botanic gardens gives testament to. Question 3 of the questionnaire
showed that 29.5% of botanic gardens (representing 229 botanic gardens in the questionnaire) were

funded by universities. The following sub-headings (i-iv) cover three different levels or types of
course.

i. Graduate and college-level courses. Many thousands of students take general courses in

biological sciences and a few of these may eventually specialise in botany. Undergraduates are often
taken on tours of botanic gardens to view plant diversity and relationships, specimens are frequently

cut for use in practical classes (Q19 of the questionnaire indicated that 77.1% of gardens supplied

plantmaterial to universities, colleges or colleges for practical classes) and specialist staff from
botanic gardens are often involved in lecture courses. University botanic gardens were founded

specifically to fulfil these roles but, as described in Case Study 5.20 below, their usefulness is now in
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question due to changes in botanical research and teaching. Although not used as much now as in

the past the resources of botanic gardens still play an important part in many undergraduate courses.

In Dutch and German universities, for instance, all undergraduates studying biology have to take a

systematics module. In many botanic gardens in these countries this is one of their main functions.

However, it is interesting to note that reliance of this one main function can lead to disastrous results

as happened at the Vrije University in Amsterdam. Rationalisation of biology teaching left only three

universities teaching systematics and therefore only these university received grants to support their
botanic gardens: the Vrije University's course was cut and staff numbers dropped from fourteen to

three.

Although not necessarily called a degree or BSc, many advanced courses are offered partly or

wholly at botanic gardens, notably in the USA, and are of equivalent standard. Some (such as the

'Certificate in Native Plant Studies'- see Case Study 5.1) are arranged on a modular system and

students can build up a series ofmodules over time.

CASE STUDY 5.1. CERTIFICATE IN NATIVE PLANT STUDIES: NEW ENGLANDWILD
FLOWER SOCIETY

The Certificate course, based at Garden in the Woods is "designed to provide participants with the
skills to conserve and cultivate the native flora of the Northeast USA". The course aims to offer a

comprehensive series of lectures in the identification, ecology, cultivation and conservation of
Northeastern plants. Through the programme participants gain an appreciation and understanding of
plant habitats, indicator species, cultivation practices and conservation issues. To qualify for the
Certificate participants must complete nine core subjects, visit 12 habitats, complete six special
topics (out of a pool of about 18 subjects) and undertake a project based on writing, teaching,
research or design. The course can be completed in three years, but there is no stipulated time limit
and students can proceed at their own pace. The course is taught at degree level. Extensive use is
made of plants and habitats in the Garden.

A few botanic gardens, notably RGBE and RBGK, run training courses in horticulture which

make excellent use of the resources of the gardens (see Figs. 5.2 & 5.3). Q4 of the questionnaire
showed that 3.2% of botanic garden quoted horticultural training as one of their three most

important policies. Based essentially on practical training backed up by a series of formal lectures the

courses have given high quality practical training to many students equipping them for work in local

authorities, botanic and heritage gardens, landscape contracting and lecturing. These courses are

equivalent to Higher National Diploma (HND) (although Kew's course now claims to be degree-

equivalent). Students gain first-hand knowledge of plant cultivation, propagation and identification

by working with them on a daily basis. In addition plantmaterial is cut for practicals, demonstrations
and plant identification classes. At RBGE, it is estimated that at least 2,000 specimens (not different

species) are cut each year for plant identification classes (see Case Study 5.19), this use alone far

exceeding any other use.
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Fig. 5,2. Horticultural students at RBGE Fig. 5.3. Horticultural students at RBGE

Botanic gardens are also used greatly by students of landscape architecture. Courses are

usually taught at graduate or postgraduate level. While lectures and studio work takes place within
the university students are often introduced to a wide diversity of plants in nearby botanic gardens
and are taught about their landscape performance and environmental preferences. RBGE, for

instance, caters for two landscape architecture courses, one at graduate level and the other at post

graduate level, In addition to plant identification and performance modules students usually

undertake classes in horticulture.

Collaboration is an important aspect of courses at this level and postgraduate level, Botanic

gardens are particularly suitable for collaboration as they are able to offer certain, rather specific

expertise and resources, yet may lack facilities or other areas of expertise. For instance they can offer
the plants input needed by the landscape architecture courses described above. Additionally, as an

example, the RBGE horticulture course is shortly to collaborate with the West of Scotland College of

Agriculture to produce a 'Horticulture with Plantsmanship' course offered at HND level. The Garden
will offer all the plant identification and culture modules while the College will offer the

management and technology modules. Each will therefore be able to offer resources and expertise

appropriate to the nature of their functions.
Footnote51 lists a small selection of botanic gardens that run, or take part in, graduate

education programmes.

Q1 of the study tour interviews revealed that 17% of botanic gardens (mostly in Europe and

India) aimed their educational activities almost entirely at university students, but in the majority of
cases (65% overall, but 82% in the USA) educational activities were offered to all groups and ages.

51 RBGE, RBG Kew, Cambridge University Botanic Garden, the Arnold Arboretum, University of California at Berkeley Botanic
Garden, Leiden University Botanic Garden, Tubingen University Botanic Garden, Botanic Garden at the Institute of Science,
Bombay and Burdwan University Botanic Garden.
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ii Post graduate courses. As mentioned in the previous chapter the most important skills of
staff in botanic gardens lie in the area of systematic research and therefore it is in this field that

many PhD students wish to attach themselves to botanic gardens. Although this area of research is
not currently as popular as it once was, nor is it as popular as many other disciplines, none-the-less
there are significant numbers of students taking PhDs in systematic research. While usually

registered at a University, most will need the collections and staff resources of botanic gardens and
will usually spend a considerable part of their time at a botanic garden; often botanic garden staff are
one of the PhD supervisors. This collaboration works well with the University of Edinburgh/RBGE,

University of Reading/RBGK and Harvard University/Arnold Arboretum. Such collaborations seem

eminently sensible as each institution is able to provide resources the other cannot. A number of

courses are also offered at Diplom/MSc level; RJBGE/University of Edinburgh, for instance, offer a

one-year course in the 'Taxonomy and Diversity of Plants and Fungi'. All the botanic gardens listed

above in part i, also take part in post graduate education programmes.
iii Short courses and internships. Botanic gardens run a plethora of short courses aimed at a

wide range of ability levels. The 'Plant Conservation Techniques' (see Case Study 5.2), 'Herbarium

Management' and 'Botanic Garden Management' courses, for instance, run at RBG Kew are aimed at

professionals already within botanic gardens or similar employment. Such courses, which typically

last for 6-8 weeks are becoming increasingly popular and are usually highly specific. They make

extremely good use of both the physical and human resources of botanic gardens. Practical training
courses which transfer skills from staff in developed countries to those in developing countries and

therefore help to enable them to tackle their own problems in their own countries have been strongly

encouraged in many recent international declarations such as the Convention on BiologicalDiversity

(UNEP, 1992) and Agenda 21 (UNCED, 1992).

Internships, sometimes also known as short-term training posts, are normally associated with
the USA and are offered to both national and international students. Many botanic gardens offer

internships which are considered to be mutually beneficial- students gain experience and the gardens

get work done. The Holden Arboretum, for example offers the following internships: Horticulture (1

year), Horticultural Maintenance (3 months), Landscape gardening (3-5 months), Nursery

production (3 months), Conservation (3 months), Horticultural Therapy (6 months) and education

(3-5 months). Training includes weekly education sessions and field trips to other horticultural
institutions and the opportunity to attend all classes, lectures and hikes held at the Arboretum. The
Arboretum offers accommodation and interns are paid.
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CASE STUDY 5.2. PLANT CONSERVATION TECHNIQUES COURSE, RBG KEW.

The course, which runs for 8 weeks, has the following objectives:

i To enhance the students' awareness.of the issues and methods used in plant conservation.
ii To enable the student to explore how issues and methods are related to each other.
iii To encourage students to think of their own, more specialised studies and experiences in a

broader context encompassing social, ecological and evolutionary factors.
iv To develop problem-solving skills and applied practical skills of value in conservation

The following subject areas are covered on each course:

- conservation and sustainable development after the United Nations Conference on Environment
and Development (UNCED),

- strategy planning for plant conservation,
- information gathering and management,
- the balance between ex situ and in situ methods,
- applied population biology for conservation,
- collections and cultivation techniques,
- seed banking and cryopreservation,
- micropropagation,
- management of small populations,
- habitat management and restoration,
- international sources of funding.

All students on the full 8 week course undertake a project which provides a practical focus for the
knowledge and skills learned during the course and will provide a basis for the eventual application
of these skills to the students' individual needs.

In addition a 'Seedbanking and Cryopreservation' course is available as a one week option.

iv Adult education classes based on botany, ecology or plant identification take place in

many botanic gardens such as the Arnold Arboretum (Case study 5.3) and Garden in the Woods

(Case study 5.4). Other types of class include gardening and general interest recreation/education
courses. The unique combination of resources, often located within cities, enables botanic gardens to

provide an extraordinarily diverse range of adult education programmes which are often extremely
well patronised, especially in the USA. It should be emphasised that, while many adult education
classes may be regarded as 'recreational' or 'for general education', others are highly specific and are

classed as university-equivalent. This is especially so in the USA where, for instance, some of the
courses described in Case Study 5.4 are accepted as being of university standard.
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CASE STUDY 5.3. ADULT EDUCATION PROGRAMME: THE ARNOLD ARBORETUM

The Arnold Arboretum of Harvard University offers a comprehensive package of adult education (in
addition to its student programmes) in which the live plant collections of the Arboretum are used
extensively. Fig. 5.4 show only a small selection of the courses from the Fall/Winter Programme
catalogue for 1993-94. In that catalogue the following are advertised:

* 20 botany courses including 'Plant Systematics', 'The Mosses of New England', 'Introduction to
Conifer identification' and 'Advanced Flower and Fruit Morphology',
* 16 'Professional Development' courses such as 'Careers in Public Horticulture', 'Propagation',
'Drawing the Plan' and 'Pruning Small Trees and Large Shrubs',
* 8 ecology courses including 'The woodland Understorey', Exploring the Pine Barrens of New
Jersey' and 'Plant Communities of New England',
* 4 Plant and Garden History courses including 'Garden Treasures of Ipswich' and 'Paradise
Attained: the Home Gardens of Victorian America',
* 20 gardening courses, including 'Maintaining the Landscape', 'Herbaceous Plants for New
England','Adding Water Features to your Garden', and 'Rocks, Rocks, Rocks: Dealing with the Stony
Garden',
* 25 plant materials courses, including 'Hollies: Year-round Garden Stars', 'Toad Lilies',' Asiatic
Plants for North American Gardens' and 'The Mosses of New England',
* 3 propagation courses,
*11 special events, including visits and behind-the-scenes visits.
Courses last from one to about eight lectures.

Missouri Botanical Garden, possibly uniquely, runs courses specifically for 'Older Adults'.

Based within the Botanical Garden, the Samuel D. Soule Centre for Older Adults organises a

comprehensive range of lectures, demonstrations and walks. Participation in the centre and its

activities is only open to those of 65 years of age, and above.

CASE STUDY 5.4. ADULT EDUCATION PROGRAMME: NEW ENGLAND WILD
FLOWER SOCIETY- GARDEN IN THE WOODS

The New England Wild Flower Society offers a comprehensive range of adult courses, based mostly
at its Garden in the Woods. Twenty five botany courses are on offer ranging from 1-8 lectures and
including subjects such as 'Marine Plants', 'Lycopods of Southern New England', 'Introduction to
Ferns', 'Twig and Bud Key' and The Conifers' to name but a few. Twelve field trips are offered to
reasonably local sites and a further three 'Special Trips' to more distant places such as Florida and
Colorado. There are also twelve horticultural courses including 'Fantastic Fall Gardens', Ecological
Pest Management' and 'Groundcovers Tall and Small'. Fig. 5.6 illustrate some of the pages from the
Programmes and Events booklet which advertises these courses.

New York Botanical Garden's 'Bronx Green-up' programme can be considered an adult

(predominantly) outreach programme (see Case Study 5.5), but is very different from the other

examples of adult education mentioned in this section- its initial impact is not so much about

education, but about urban renewal. "Bronx Green-up is committed to a community led approach

providing help and assistance to community groups who want to reclaim their surroundings". The

programme turns "trash filled lots into green oases". While the first aim is to convert some of the

Bronx's 10,000 vacant lots into community gardens and parks an additional aim is to impart an

improved understanding of ecology and conservation. More detail is given in Case Study 5.5. Other

types of outreach programme are described in 2, Secondary education, below.
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Fig. 5.6 Garden in the Woods education Fig. 5.7 The native plants cultivated in
programme. Garden in the Woods are used extensively

in education programmes.

Footnote 5 2 presents just a short list of botanic gardens, other than those already mentioned
that run, or take part in, short courses, internships or adult education programmes.
2. Secondary education.

Many schools make very good use of the resources available within botanic gardens to

supplement the teaching of biology, and other, courses. However, frequency of use obviously depends
on location and the facilities on offer. Secondary education has traditionally made less use of botanic

gardens than primary education partly because the material on offer was seemingly less relevant and

Fig. 5.5 Courses offered at the Arnold
Arboretum rely heavily on the live plant
collections

5 2 RBGE, RBG Kew, The Morris Arboretum, Missouri Botanical Garden, the Palmengarten, Frankfurt, the Botanic Garden Berlin-
Dahlem, Chicago Botanical Garden, Desert Botanic Garden, Phoenix, Fairchild tropical Garden and Rancho Santa Ana Botanical
Garden.
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partly because timetabling at secondary level was usually more rigid making a whole morning or

afternoon visit difficult to arrange.

CASE STUDY 5.5. BRONX GREEN-UP: NEW YORK BOTANICAL GARDEN

The first step, once a piece of land has been identified, is to seek permission from the city to lease or
use it. Bronx Green-Up (BGU) can help community groups to cut through the mass of red tape that
this usually entails. Once permission has been granted, BGU can provide: lessons in ecology,
horticulture and conservation, tools, supplies, plants, seeds, transport, and technical assistance with
the physical work of clearing the lots and creating green spaces.

Over 1,000 families have now worked with BGU staff, creating 170 neighbourhood gardens. Groups
that BGU staff have worked with include senior centres, schools, social services, drug rehabilitation
facilities and special education learning centres, many people working on the programme find that as
well as developing horticultural and ecological skills and knowledge, they have learned about city
politics, improved their problem solving skills and gained valuable insights into human relations.

BGU has now turned its attention to recycling and composting. While a certain amount was already
recycled much more could be done. This awareness has led BGU to rise to the challenge of
developing a city-wide compost programme. The programme is funded by the City's Department of
Sanitation. NYBG's BGU is the leader of the programme which works with two other New York
botanic gardens, Brooklyn and Staten Island and a Manhattan greening organisation, the Green
Guerrillas.

Community gardens are ideal places to teach local residents about composting and BGU has set up a
demonstration site with a variety of composting methods.

Many botanic gardens have tried to rectify this situation recently by offering more relevant

resources and courses, (and not only at secondary level, but throughout their educational

programmes). Rather than botanic garden educators deciding upon topics to be covered it is now

usual practice for them to ask teachers what can be taught or demonstrated most usefully at the
botanic garden. This close collaboration has led to a vast increase in visits to botanic gardens and on

departing teachers feel that something worthwhile has been achieved; probably something that could

not have been done at school. In turn botanic gardens educators have the satisfaction of knowing that

the resources within botanic gardens are genuinely needed and that a visit enabled pupils to

accomplish part of their curriculum. As mentioned previously, RBG Kew is now able to provide

courses for all subjects within the National Curriculum except for Physical Education.

While botanic garden educators have themselves traditionally led all the courses and classes

available, the increased numbers of school children wishing to attend has recently led to a

reorganised approach. One botanic garden educator can take a class of about 20 children at a time

and can probably take 2-4 classes per day. However, if they could spend time with the teachers,

showing them how to use the garden and its resources, then the teachers could take the pupils
themselves. This is obviously more efficient and makes better use of the time available. Teachers are

now frequently being invited to special courses and in-service training days. In Florida, for example,
teachers have to spend a certain number of days in training, in fact the necessity to do so is related to

pay increases. The Fairchild Tropical Garden has responded to this directive from the State
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Education Department and provides teacher courses of the necessary level and duration, Teachers are

not only updated on their plant biology teaching but are also shown how the garden can best be used „

Fig. 5.8. RBGE's World of Plants has been Fig. 5.9. Missouri's Professional Learning
developed exclusively for secondary school Opportunities Program,
children

Missouri Botanical Garden (see Garden Profile 2.12) offers a series of 'Professional Learning

Opportunities aimed, essentially, at teachers, The 1993 Classes and Programs brochure (Fig. 5.9)

highlights Summer Ecology Studies. These include, for example, Ecology of Aquatic Environments',
for Grade 4-8 teachers and 'Ecology for Teachers' for Elementary Teachers' to name but two. The
Garden offers credit through the University of Missouri- St Louis and Webster University for many
of these courses.

After hours clubs and societies have always existed in schools but this is also beginning to

spread to botanic gardens. RBGE, for instance has a gardening club (see also children's gardens,

listed under item x, later in this section) for primary age children; see Figs. 5.43 and 5.44. The

Henry Shaw Academy (Fig. 5.10), part of the Missouri Botanical Garden education 'package' exists
to strengthen schools teaching and is almost certainly the most comprehensive out of hours club of its

type (see education department organisation chart in Garden Profile 2.12), It spans both primary and

secondary levels. It offers "motivated young people (ages 4-18) many exciting ways to investigate the

world around them". Children interested in exploring science, ecology, and natural history select

from a variety of sequenced courses offered throughout the year. These include overnight and week

long 'Summer Science Camp Programs', Hands-on experiences deepen student understanding and

appreciation of their natural world. The Academy offers opportunities beyond the classroom, while

supplementing student learning. Courses and activities are designed to build on science taught in
school. "These experience-orientated sessions are fun, exciting, and fulfilling for each participant",

says the brochure.
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Occasionally botanic gardens join forces and collaborate with other colleges or institutions,
tind not only at higher education level as described previously, but also at secondary and primary
level. The Morton Arboretum is part of a consortium known as the Cooperative College Botany

Program (see Case Study 5.6). RBGE joins forces with Edinburgh Zoo and the National Museum in

Edinburgh in a programme called 'Interlink' which enables primary school children to study the

plants, animals and artefacts of a country or culture. The Chicago Botanic Garden, acting on behalf
of a consortium of five major Midwestern public gardens, has received a grant of $343,000 from the

National Science Foundation to develop science education programming (see Case Study 5.7). The

live plant collections are the most important resource which these gardens can contribute to these

collaborative ventures.

CASE STUDY 5.6. THE COOPERATIVE COLLEGE BOTANY PROGRAM

The Cooperative College Botany Program (CCBP) was formed in 1985 as a result of an agreement
between the Morton Arboretum and the Associated Colleges of the Chicago Area (ACCA), (a
consortium of private, liberal arts colleges formed in 1966 for the purpose of enhancing science
education and training at the member schools). The curriculum includes nine botany courses offered
on a two-year cycle at the Arboretum. Students register and receive credit through the ACCA
schools. This program offers upper-level and specialised botany courses which are seldom, if ever,
offered by Chicago area colleges and universities. The courses are taught by professional botanists
from ACCA schools and the Arboretum. See Fig. 5.11.

CASE STUDY 5.7. THE MIDWEST PUBLIC GARDEN COLLABORATIVE (MPGC)

MPGC members include: Chicago Botanic Garden, Morton Arboretum, Holden Arboretum,
Minnesota Landscape Arboretum and Missouri Botanical Garden. Programmes at these public
gardens currently serves over 100,000 school children and 4,000 teachers every year. The five central
concepts for the Discovery Units are: Life Processes, Structure and Function, Diversity,
Interdependence of Life and Human Impact and Stewardship,

While most botanic gardens are located in urban areas and are therefore able to serve a great

many schools there are obviously still many schools situated too far away to make visits possible.
There are also many schools who would 'never get around' to visiting a botanic garden, perhaps

through lack of knowledge or lack of teacher enthusiasm. A few botanic gardens are now trying to

rectify this situation by setting up outreach programmes. Two are highlighted in Case Studies 5.8

and 5.9, for RBG Kew and RBG Sydney.

CASE STUDY 5.8. MOBILE EDUCATION UNIT: ROYAL BOTANIC GARDENS, KEW
(NB: see also RBG, Kew in Garden Profile 2.6, Chapter 2)

The aim of the Unit, which started operating in 1993, is to provide outreach education to schools
about plants and their potential for environmental education and the work of the Royal Botanic
Gardens. Target schools include those unable to visit Kew and those unaware of the resources that
exist at Kew.

Case study 5.8 continued overleaf
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In developing this new programme the education staff at Kew felt more emphasis needed to be
placed on schools, both locally and further afield, that were not benefiting from the resources
available. The reasons identified for this were varied and included: insufficient support for outside
visits, limited understanding of the value of plant based teaching and disabilities of the pupils.

The Unit is 7 meters in length, towed by a Land Rover and staffed by one full-time teacher. It
incorporates an open stage area to one side, study benches, video, TV and slide projection facilities,
laboratory equipment and a small specialised library which is changed frequently to compliment
particular themes. Plant-based artefacts and live plant material are carried in the Unit to support the
Economic Botany focus of the education programmes.

The Unit is used for outreach to schools nationally, on
teacher training courses being run there. The Unit will
conferences and exhibitions.

a bookable basis with both direct teaching and
also be used at a variety of educational events,

;€L | Henry Shaw Academy
Fall 1991 Classes and Programs
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Fig. 5.10. Selected page from Missouri's
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brochure
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Fig. 5.11. Programs and brochures
advertising courses at the Cooperative
College Botany Program.

CASE STUDY 5.9. ROYAL BOTANIC GARDENS GO WEST: RBG SYDNEY
(NB: see also RBG Sydney in Garden Profile 2.7, Chapter 2)

The western part of the Australian state of New South Wales is sparsely populated, with the bigger
towns often hundreds of miles apart. Many of the children in this area attend isolated schools with
small enrolments and few teachers; visits to botanic gardens and the like are impossible.

In order to overcome the problem of isolation and allow children to benefit from better plant-based
teaching and resources, RBG Sydney initiated an educational programme for western schools called
Royal Botanic Gardens Goes West. The programme was repeated a number of times in the 1980s and
again in 1992 and 1993. The aims of the programme are as follows:
For students to:
* develop an interest in plants,
* interact with a variety of live and preserved plant material that they would otherwise not
experience,
* display a greater interest in plants of their own,
* indicate a desire to know more about plants beyond their own school and town environments.

Case study 5.9 continued overleaf
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For teachers to:
* make greater efforts to include environmental education in their teaching,
* take up opportunities for plant related in-service training,
* try out new teaching techniques and teaching programmes.

For communities to:
* participate in school lessons provided by Royal Botanic Gardens Goes West,
* use the wide range of activities and services provided by the Education, Scientific and Horticultural
sections of RBG Sydney,
* understand how the work of RBG Sydney is relevant to their lives,
* share information on local plants, aboriginal plant use, etc. with RBG Sydney staff.

Using four-wheel drive vehicles laden with plant specimens, education officers and other materials,
the gardens personnel visit isolated schools and their communities. At each school, there is a day of
plant-focused activities. The specific programmes in each case have been negotiated earlier with the
teacher to ensure that they complement and enhance the school's own environmental and science
programmes. The programme is not confined to the delivery of lessons and activities for school
children. Community activities are also undertaken, ranging from public meetings in bigger centres
to explain the role of RBG Sydney, to small, after-school parent gatherings to talk about horticulture.

Footnote 5 3 lists just a few of the botanic gardens that run, or take part in, secondary
education programmes, other than those already mentioned.

3. Primary education. Educational visits to botanic gardens by primary school children (see

Figs. 5.12 and 5.13) have been taking place for many years; in the literature review reference is made

to visits to Kirstenbosch Botanic Garden at the turn of the century. Such visits are usually now the

rule rather than the exception and virtually every botanic garden (except possibly some university
funded gardens) caters for this level of education. Timetabling restrictions are few and teachers can

easily arrange half day visits without disrupting other classes. Botanic gardens have developed a vast

array of guided tours, worksheets, games, role-playing and interactive displays to educate and inform

primary school children. While secondary school classes are often specific to the needs of the science

curriculum with children studying things like photosynthesis, tropisms and evolution, primary school

visits normally concentrate on general environmental themes and the value of plants to humankind.

Many botanic gardens offer many educational services or packages spanning both primary
and secondary levels and offered either as part of a schools' visit or for children visiting with parents.

The educational programmes for children offered at the Desert Botanic Garden at Phoenix are

described in Case study 5.10.
Some botanic gardens, for instance Rancho Santa Ana Botanic Garden, even offer classes for

pre-school children. During the sessions children are encouraged to explore colours, textures, shapes
and smells using bark, flowers, leaves and fruit. The Morton Arboretum also has a pre-school

programme.

The same list of botanic gardens offered at the end of the previous section on secondary
education may be inserted here as examples of gardens taking part in primary education

programmes.

5 3 RBG Peradeniya, Birmingham Botanical Garden, the University of Dundee Botanic Garden, New York Botanical Garden,
Missouri Botanical Garden, the Palmengarten, Frankfurt, University of Liverpool Botanic Garden, Brooklyn Botanical Garden and
Arboretum, the strybing Arboretum and the United States National Arboretum, Washington.
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Fig. 5.12. Educational visit to RBGE by primary school children

Fig. 5.13. Educational visit to Birmingham Botanical Gardens by primary school children

4, Educational activities

i Guided tours, walks and self-guided trails. Virtually all botanic gardens offer these in one

form or another. Q30 of the questionnaire showed 'Garden tours to view attractive displays' were
used in 76.8% of gardens and that 'Garden tours to view specific plant types e.g. natives & aquatics'

were used in 80.1% of gardens. In addition, the study tour interviews revealed that guided tours

were offered in excess of 80% of the gardens visited. Some are specific to particular plants, some are

general and others are arranged as part of a course.
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CASE STUDY 5.10. EDUCATIONAL PROGRAMMES FOR CHILDREN: DBG, PHOENIX

The Garden offers a great variety of educational programmes, including the following:

* 'Desert Detective'- an activity/games sheet which encourages each child to discover mysteries of the
desert during a visit to the Garden,
* 'Plants and People of the Sonoran Desert'- an interactive trail where children of all ages can make
yucca brushes, pound mesquite beans,grind com and enter desert structures made from plants,
* 'Touch of the Garden'- provides hands-on experience with desert plants at "Touch Carts" located
on the trails,
* Puppet Shows- special weekend performances of "Hotel Saguaro" and "Seasons of the Desert" by
the Great Arizona Puppet Theatre, who are also available to schools on an outreach programme,
* 'Plantimal Safari Workshop'- based on the Garden's "Plantimal Safari" colouring book and
designed for preschool through to first grade. Students are led on a "safari" using creative movement,
followed by storey-telling and puppet making,
* Teacher Aids- The Sonoran Desert Handbook: Desert Study Unit provides introductory and follow-
up lessons for classes that visit the garden. The garden also offers workshops for teachers and school
administrators on the exploration of desert ecology through observation and hands-on activities.

- general garden tours, to hear of the history and to see some of the most interesting plants.

These can be taken by education department staff, specially trained garden guides or garden
volunteers. In large gardens, or sometimes in tropical botanic gardens, these guided tours can be

undertaken in specially made trams (see Figs. 5.14),
- themed trails, to look at specific plants. Although these can be led by a guide they are

normally self-guided following an explanatory leaflet and numbered stops. Many botanic gardens

have several trails. Examples include the Scottish Rare Plant Trail at RBGE. the Curtis Trail at

Garden in the Woods (see Case Study 5.11) and Around the World in 60 minutes at the Strybing

Arboretum, San Fransisco. The last example is, in fact, the name given to a series of tours, designed
for different age groups; some are self guided, others taken by a guide. The children's trails are very

specific to class grade, for example First Look at Plants is for Grades K-l, Flower Walk is for Grades
2-5 and Redwood Trail is for Grade 4.Photographs of a number of guided trails are illustrated in

Figs. 5.15-5.21. It is worth noting that the study tour interviews showed that in 54% of the gardens

visited the live plants were used as the basis for an explanation or storey, usually given on such tours.

- schools education tours, to view plants specific to curricula needs could have been included
in one of the above, but are more easily dealt with under a separate heading. These are usually led by

a teacher or member of botanic garden staff and are usually arranged to see or demonstrate a number

of specific points which relate directly to course work. Often children will have done some work in a

classroom prior to going on the tour and will probably finish off in a classroom too. The tourmay

well leave time for drawing, filling in worksheets and gathering leaves or flowers. Examples of
worksheets are shown in Figs. 5.34 & 5.35, section viii, below.
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CASE STUDY 5.11. THE 'CURTIS TRAIL': THE NEW ENGLAND WILD FLOWER
SOCIETY'S GARDEN - GARDEN IN THE WOODS

The Trail is named after the first owner and designer of the Garden in the Woods, Will C. Curtis.
Curtis's goal was to grow as many native plants as possible so that the public would learn to
appreciate and understand them. Curtis hoped that by learning about plants and their natural
environments, the public would join the efforts to preserve the rich, native flora of the Northeast
USA. The trail is intended to "sharpen one's observation of the natural conditions in which the plants
grow: the soil, sunlight, temperature, and exposure". The guide which accompanies the trail also
emphasises some of the plants typical of different habitats
The trail, is well sign-posted and is interpreted through a guide book. Thirty two stopping places are
suggested and at each there is something to see and an explanation in the guide. Some stops
highlight typical or rare plants of the region such as stop 3 which shows Trillium granfdiflorum and
Cypripedium calceolus, amongst others. Other stops are ecologically-based and show for instance,
the relationship between soil moisture content and species (stop 14) or soil pH and species (stop 15).
Another stop explains parallel ecosystems such as that existing between North America and parts of
Asia (stop 5)- this explains why many of the plants that are native to the woodlands of Asia, such as
Hosta spp and Epimedium spp can also be grown in the Northeast USA. Other stops explain
continental drift, the life cycle of ferns and insectivorous plants, to name but a few.

See Figs. 5.15 -5.17 for examples from the Guide and views of the Trail.

CASE STUDY 5.12. INTERPRETATIVE TRAIL: DESERT BOTANICAL GARDEN,
PHOENIX.

DGB displays plants from the deserts of the world. There are about 15,000 desert plants in the living
collection representing more than 3,500 different species. The garden focuses on research, education,
conservation and display. Despite being in the process of overhauling all its interpretative features
(see case study 5.13) the current trail, with its explanatory text, is still interesting and worthwhile.

The trail, which is only a quarter of amile long, has 40 stopping places with things to see and
explanatory text in an accompanying booklet. Some stops highlight interesting or typical plants such
as the Joshua Tree, Yucca brevifolia, or the Organ pipe cactus, Stenocerus thurberi. Other stops
explain the uses of plants such as Aloe vera which eases pains and bums, insect bites and sunburn
and Yucca spp, the leaves of which can be used to make cords and baskets. Others explain the
ecology and adaptations of cacti.
See Figs. 5.20 & 5.21.

Footnote 5 4 lists only a small sample of botanic gardens, other than those already mentioned
above that have guided tours, walks and self-guided trails.

ii Interpretation is about explanation and is different to orientation which includes

signposts, maps and direction markers to help visitors around the garden. Interpretation can be

achieved through the live spoken word, recorded spoken word, information boards of various sorts

(see Figs. 5.22-5.28) and leaflets/guide books of various sorts (see Figs. 5.15, 5.16, 5.19 & 5.21).

Much interpretation is achieved through trails and accompanying leaflets as described above but

much more is achieved through individual information boards. Successful interpretation is difficult

to achieve- length and depth of text, quality of illustrations, material and uniformity of approach

throughout the garden are all aspects that need careful consideration. It is interesting to

5-4
RBG Kew, Missouri Botanical Garden, the Arnold Aiboretum, North Carolina Botanic Garden, Birmingham Botanic Garden,

University of California at Berkeley Botanical Garden, Hohenheim University Botanic Garden, National Arboretum, Washington,
the Palmengarten, Frankfurt and Leiden University Botanic Garden.
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Fig. 5.14 Educational tram waiting to collect visitors in front of Missouri's Climatron

kJoaie eastern North African plants have look-alike
relatives in eastern Asia. One good example is
Oconee-bells (Shortia qalacifolia) from North and
South Carolina and Nippon-bells (Shortia uniflora
cv. Grandiflora) from Japan. These two plants have
similar leaves, flowers, and habitats. Scientists
believe that these plants had the sane ancestors,
which were separated by continental drift and glacia-
tion. Over thousands of years the plants evolved
into new strains or species.
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refer again to Burbidge's paper of 1990 that has already been mentioned in the literature review of

this chapter. Elsewhere in the paper he makes the point that policy makers in botanic gardens tend to

be from a scholastic background and applause is given to interpretation which matches most closely
their perception of a botanic garden as a place of learning. They are also concerned with

respectability in the eyes of fellow academics in other institutions and worry that a loose but

communicative statement may bring the organisation into disrepute with professor X from institution

Y; but Burbidge questions if we are really speaking to professor X? This problem is made more acute

by the need to refer all interpretive work for approval to senior academic staff. This often leads to a

lack of innovation, to 'playing safe' and to self censorship. Apparently, he says, this is not a problem
at Kew as interpretive staff adopt a vigorous, abrasive and forthright approach which is a match for

any academic disapproval!
Much interpretation within botanic gardens is arranged on an ad hoc basis; a member of

garden or education staffmay suddenly realise that an opportunity for explaining an interesting fact
exists with a group of plants and may arrange for an information board to be placed nearby.

Occasionally it may be more planned, perhaps if additional money is found to employ an additional
member of staff for six months to a year. In this case it may be possible to get a range of similarly

styled boards installed in a number of garden areas. On other occasions new interpretation boards

may be installed at the start of a new project such as a new glasshouse or herb garden.
The big problem with all of these situations is that styles, materials and graphics change with

time and with new staff and also that materials deteriorate and need to be replaced or that plants die
and boards become irrelevant. Allied to this is the fact that interpretation is seldom centrally planned
and that horticulturists usually design garden areas without consulting education staff so that

interpretation becomes an afterthought, and it all adds up to a very unsatisfactory situation. Staff in

virtually all the botanic gardens visited agreed that interpretation required greater inputs by garden
and education staff alike. Ideally professional designers should be employed as co-ordinators but

most botanic gardens could not afford this .

Many approaches to interpretation have been adopted and the simplest way to explain these is

through a series ofFigs. (5.22-5.27, in addition to Figs. 5.15-5.21) rather than by case studies.

However, the interpretation planning taking place at both DBG, Phoenix and the University of
California Botanic Garden at Berkeley is particularly interesting and is described in Case Study 5.13.

Virtually every botanic garden offers some type of interpretation, but standards and quality tire

very mixed. The study tour interviews showed that 73% of the gardens visited offered interpretation
of one sort or another

iii. Exhibitions typically fall into two major categories- art and science/information. The first

includes mostly paintings and sculpture and while they are very important, often linking art with

science and heightening our visual appreciation of plants and the environment, they seldom make

use of the live plant collections and are therefore not discussed in detail here. The second type are

often
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used to explain how plants function, as well as plant uses, such as dyes and medicines, and
environmental issues. While exhibition boards of text and photographs are used predominantly live

plant material is only occasionally used. Exhibitions are slowly becoming more 'hands-on' (see ix,

below) and are making more use of video and multi-media presentations. The ability of botanic

gardens to present exhibitions is governed by the quality and size of their exhibition facilities, staff
numbers and financial resources.

CASE STUDY 5.13. INTERPRETATION PLANNING: DBG PHOENIX AND UNIVERSITY
OF CALIFORNIA AT BERKELEY.

DBG. Phoenix. Staff at the Garden have recently secured a £450,000 grant to completely redesign
their interpretation which at present is still considerably better than in most botanic gardens. Central
to this, however, was the crucial realisation that interpretive planning (in other words deciding what
educational messages to put over, at what level and how they fitted in with educational needs) must
come first and that board design, hard landscape, species selection and planting came second. In
creating the new designs much of the existing garden will be destroyed to incorporate new paths and
enable the necessary range of plants to be planted in exactly the right context and associated with the
correct range of neighbouring plants. Such radical thinking and radical redesign is rare but it was
very interesting to observe the thought processes that led up to this. Essentially, it was the realisation
that planning had to come first and planting second. In 99% of botanic gardens it is the other way
around; educators are forced to interpret existing plantings.

U of C BG, Berkeley. Berkeley has also given considerable thought to interpretation planning but its
actions are not as dramatic as at Phoenix. Education staff have sat down and thought of all the
educational themes and messages they would like to be able to put over within the botanic garden
having first found out the educational needs of the various user groups. From this they came up with
12 major themes each containing a number of sub-themes (examples below). The next stage was to
find plants from within the existing collection that could be used as examples to explain the themes;
thereafter trails were devised to link the plants together. While not being as radical as the Phoenix
example this still demonstrates a level of planning greater than in most other botanic gardens. Two
examples of the themes are: 1. Ethnobotany, with sub-themes of biotechnology, fire adaptations and
human adaptations using fire, Indian uses of plants, Western medicinal herbs, African or Afro-
American uses of plants, Mayan and Mesoameriacnmedicinal uses, European uses of plants,
Chinese medicinal herbs, tropical rainforest plants and people and forestry; uses of trees and woody
plants. 2. biogeography, with sub-themes of geographic distribution, floristic zones, endemism,
Gondwanaland, geographic ranges of plant families, island biogeography, tree line, continental drift
and dis junctions.

It is interesting to note that botanic gardens are now trying to derive the maximum benefit

from exhibitions. In the past an exhibition would be displayed for a certain period without any other

supporting activities. Now a whole host of addition activities are offered, using the exhibition as the

central theme, with the result that the maximum benefit is gained from the investment. Two recent

examples form RBGE include Flora Danica, an exhibition of magnificent Danish porcelain with
floral decorations, and Wildwood a multi media presentation of Scottish native trees and woodlands.

The first was supported by a number of lectures and whole day seminars, the second by illustrated

lectures, demonstrations, workshops, storytelling and guided tours.

While exhibitions themselves may not make much use of the live plant collections some of the

additional activities certainly do. Additionally, the whole ambience provided by the landscape and

plants combine to make botanic gardens good places for the display of sculpture or plant-based

245



exhibitions. Q30 of the questionnaire showed that 'Plant material to complement static displays or

information boards' was used in 55.2% of gardens.

Footnote 5 5 lists a few botanic gardens who offer exhibitions as part of their overall education
" v 4 A * "
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Fig. 5.24. Interpretive board at Tubingen's
rock garden

Wfn
Fig. 5.25. Interpretive board at
Cambridge describing the ' Chronological

Fig. 5.26. Interpretive board at the Morton
Arboretum describing the features of
Redbud,

Fig. 5.27. Interpretation at Berkeley
explaining the climatic adaptations of
Welwitschia mirabilis.

iv Games and role playing.
Botanic garden educators often feel they have to work harder and be more innovative than zoo

educators because, while animals move around and are often furry and cuddly, plants are often

perceived as "boring" by young people. At botanic gardens children are often just taken to plants,

such as rubber and rice, and are told about their uses. In recent years, in an attempt to improve

matters, botanic garden educators have tried to create more active things to do such as games, role

RBGE, RBG Kew, DBG Phoenix, Marie Selby Botanic Garden, Botanic Garden of the Agricultural University ofWageningen ,

Royal Botanic Garden, Peradeniya, Berlin-Dahlem Botanic Garden, the Palmengarten, Frankfurt, Amsterdam Botanic Garden and
Missouri Botanical Garden.
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playing and the 'hands-on approach' (see vii below). The idea is that these should get over important

teaching points but in a way that is fun and interesting. Two examples are described in Case Studies
5.14 and 5.15

CASE STUDY 5.14. GAMBLING WITH OUR FUTURE- A BIODIVERSITY CARD GAME

This game is played between teams of fanners/loggers and conservationists. It uses cards with leaf
shapes on one side and plant uses, or nothing at all, on the other side. The game is about extinction,
loss of biodiversity and the consequent loss of the uses of those plants. The game can be played at
different levels of sophistication and is therefore suitable for primary school children right up to
graduates. It is intended to stimulate discussion and is explained in more detail by Adamou, (1993).

CASE STUDY 5.15. THE INSECT GAME

This game is about the encounters a bee might have on its way to find a flower meadow. Played with
dice and board, the bee may encounter all sorts of hazards on its way including insectivorous plants,
spider's webs, humans and inclement weather. As with 'Gambling with our Future' above, the game
is supposed to stimulate discussion. The game is explained in more detail by Escamilla and Olguin,
(1994),

Footnote5 6 lists a few botanic gardens that run, or take part in, games and role playing. It is
worth noting that the study tour interviews showed that 18% of gardens used the live plant
collections as a basis for games and role-play situations.

v Systematic gardens or order beds (see also Chapter 7). To many people such features are

the epitome of botanic gardens, especially the older ones. Originally, systematic gardens or order

beds were designed to aid botany teaching and they featured in almost every university botanic

garden. The idea was that they showed typical or interesting examples of plants from different
families in close proximity for ease of demonstration and observation. They were a good example of
the difference between a botanic garden and any other type of garden because the primary purpose of
the plants and the design in which they were located was not beauty or display, but purely
educational. Many were destroyed in the 1960s as being old fashioned and irrelevant but some have

recently been reinstated or redesigned to meet modern needs. In Scandinavia, the Netherlands and

Germany many were left intact and good examples still exist at Copenhagen, Amsterdam and Bonn.
New attempts have been made to recreate them in a modern context, and not just for the exclusive
use of university students, but for the use of all levels and abilities of education. Good examples of
new systematic gardens may be seen a Tubingen University Botanic Garden and Leiden University
Botanic Garden. Systematic gardens, old and new, vary considerably in design and are best described
in a series of photographs with accompanying captions- see Figs. 5.29-5.31.

5 6
RBGE, RBG Kew, Missouri Botanical Garden, DBG, Phoenix, Royal Botanic Garden, Hobart, Tasmania, University of

California Botanic Garden at Berkeley and Atlanta Botanic Garden.



Fig. 5.28 Interpretation at Berkeley explaining the concept of convergent evolution with examples of live
plants.

Fig. 5.31. Order beds at Munich
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vi Demonstration gardens. While some people consider that the entire area of a botanic

garden should be thought of as a demonstration garden, in reality most have specially designated
areas devoted to plant demonstrations of various kinds. Q32 of the questionnaire, for example,
showed that in 62% of botanic gardens.at least some area of the botanic garden was laid out with

public education as the primary purpose. In 23.1% of cases more than 80% of the garden was

devoted to this function. Within this area plants are laid out with education as the main objective and

consequently most feature higher levels of interpretation than elsewhere in the garden.
Demonstration gardens may be used to show all sorts of biological, ecological and horticultural

concepts such as pollination mechanisms, poisonous plants, hybrids, food plants, medicinal plants,
b

plants for groundcover, natives, differences between monocotyledons and dicotyledons, culinary hers
and fragrant plants to mention but a few. Demonstration gardens also vary considerably in design
and content and again,are also best described using a series of photographs- see Figs. 5.32 & 5.33.

ii Public/general lectures. Most botanic gardens run series of public lectures, often run

weekly during winter afternoons and evenings. Usually they are given themes such as conservation,

ecology or exploration and feature in-house horticultural or botanical staff. While many lecturers

support their talks with live plants from the garden most use slides and therefore these lectures are

not of great importance here. Despite this, Q30 of the questionnaire showed that 'Plant material in

lectures and demonstrations' was used in 80.2% of cases. However, it is presumed from experience,

that the numbers used is not very great- probably no more than about five plants per public lecture.

The study tour interviews revealed that in 44% of the gardens visited plants were used as material
for lectures and demonstrations. Often, though, these winter lectures are followed by summer walks

around the garden or "behind the scenes' tours which obviously feature live plants greatly and are

therefore of great interest here. However, it is easier to think of these as guided tours which have

already been mentioned above.

viii Guide books, maps, information sheets and worksheets. Literature plays an important

part in informing and orientating visitors. Guide books generally describe the history, development
and layout of the gardens and highlight some of the most interesting plants. Many gardens produce
both 'glossy', souvenir guides and also cheaper, shorter guides and/or plans. Trail guides, as

explained earlier, are often used as the means of interpreting specific walks or trails. Over and above

these sources of information education staff produce a wealth of written material to use in

conjunction with their various programmes: some simply summarise the main issues discussed while
others are best described as information sheets, perhaps explaining the environmental requirements
of bromeliads or the production of coffee. Examples arc shown in figs. 5.36-fe-53?. Worksheets are

designed to require an input from the students; typically they have to fmd some information and
insert the answer in certain position. The purpose is to increase involvement and therefore

understanding and retention of information. The study tour interviews revealed that in 68% of the

gardens visited publications, leaflets and worksheets were offered as part of the educational facilities
or activities. Examples of worksheets are shown in Figs. 5.34 & 5.35.
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Fig. 5.32 Demonstration garden at Peradeniya, showing turf grasses.

Fig. 5.33 Demonstration garden at RBGE, showing wheat- its origins and development.

Virtually all botanic gardens have guide books or information sheets but fewer have

worksheets- the following are examples of those that do have worksheets: RBGE, RBG Kew,

Birmingham Botanic Garden, Berlin-Dahlem Botanic Garden and the Palmengarten, Frankfurt.
ix The 'hands-on approach'. As described in iv, above, botanic garden educators have been

trying to make learning about plants more interesting in recent years, The 'hands-on approach' is an

attempt to devise positive and interesting things to do with plants. The principle is obviously good
but there are many problems, which can be summarised as follows:

- in many parts of the world the largest part of the academic year takes place during the

plants' dormant season,
- plants only flower or fruit for a short time; if trying to organise something around

pollination, for instance, it may only be possible to run that programme for two weeks of the

year,
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- many activities necessitate a destructive harvest and there may be a limit to the number of

plants available,
- many plant reactions occur slowly, it may not be possible to show a plant's response to a

stimulus within the confines of a short visit.

The practical problems have often combined to make it very difficult to offer activities that are

practically-based. Imaginative thinking has, however, been brought to bear on the problem in a

number of places and there are now a few, good examples of this approach to plant-based learning.
Three, 'Hands-on Plants, 'SAPS', and 'Vegetables- a hands-on project' are described in Case Studies

5.16-5.18. Fig. 5.38 shows children sampling leaf textures in RBGE's glasshouses, Fig. 5.39 shows

them sampling rainforest products and Fig. 5.42 shows students painting plants at Atlanta as part of
a class exploring plant shape, form and function.

CASE STUDY 5.16. HANDS-ON PLANTS: RBG EDINBURGH

The RBGE, with scientists, horticulturists and an audience all immediately available, is an ideal
place to set up an interactive exhibition on the science of plants. Hands-On Plants had its first public
visitors on 1st May 1993: by the end of July it had given over 20,000 people, of all ages and from
many countries, new and unusual insights into the world of plants.

Natural materials from the Garden have been used for several exhibits; others were created by
repairing and modifying broken or redundant equipment such as microscopes.

Text in the exhibition is kept clear and interesting and visitors do read the labels, often more than
once, and do follow instructions. A pool of light has been directed over each exhibit whilst keeping
the general illumination more subdued, which helps to concentrate attention.

There is no final design for Hands-On Plants. Like the plants it interprets, it has evolved while being
built, and will continue to do so. Throughout this process, however, the team has deliberately
avoided two temptations: first, to explain or demonstrate plants as mere conglomerates of physics
and chemistry; second, to create exhibits that are explicitly designed to 'teach'. "Hands-On Plants is
essentially a place for exploration, experiment and wonder where visitors can make their own
discoveries, uninhibited by what the text books say or what the curriculum demands".

See also Figs. 5.36 &5.37. j

CASE STUDY 5.17. SCIENCE AND PLANTS FOR SCHOOLS (SAPS): BASED AT
HOMERTON COLLEGE, CAMBRIDGE AND RBGE, EDINBURGH

SAPS was launched in January 1990 with grants from the Gatsby Foundation. Through work with
teachers SAPS hopes to interest young people in plants and in molecular biology so they become
more aware of the importance of plants in the global economy, and of recent advances in DNA
technology.

The SAPS programme has a number of elements, for example it:

* works with teachers to promote and support exciting teaching of plant science and molecular
biology in schools and colleges,
* has published simple protocols for investigating various aspects of plant science including
germination, growth, tropisms, photosynthesis, reproduction and genetics,
* has, in association with others, developed low-cost kits for practical investigations, including
genetics, with rapid-cycling brassicas (fast plants),

Case study 5.17 continued on page 253
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Fig. 5.34 Worksheet, from Birmingham
Botanical Gardens

Fig. 5.35 School children filling in
worksheets at Birmingham

Fig. 5.36 Hands on Plants, RBGE.

Fig. 5.38. Sampling leaf textures at
RBGE.for maximum photosynthesis; Hands on

Plants, RBGE.
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Case study 5.17 continued from page 251

* has developed inexpensive and safe techniques for extracting DNA from plants, treating it with
room-temperature stable restriction enzymes and running it on gels,
* has, since January 1990, run over 175 practical plant science and DNA workshops for more than
3500 teachers at locations all over Britain,
*
sponsors over 200 schools and colleges to work in specified areas of plant science and to provide

feedback for dissemination to others,
* publishes a Newsletter Osmosis containing news, practical protocols and advice which is sent to
over 1400 schools, colleges and others,
* has published various papers in the science education journals
* is collaborating with Homerton IT Unit, Attica Cybernetics and NCET to produce a resource CD-
ROM to help students plan and carry out investigations with plants.
See Figs. 5.40 &5.41.

CASE STUDY 5.18. VEGETABLES- A HANDS-ON PROJECT.

The project has a number of stages or levels, called 'Fields of experience' and each has a theme as
follows:

* Fields of experience 1&2- five senses of perception and games, plus an introductory game,
* Fields of experience 3- aesthetics and fine art,
* Fields of experience 4- natural sciences (measuring, analysing, computing ),
* Fields of experience 5- practical usage,
* Fields of experience 6- representation,
* Fields of experience 7- social and cultural importance,

Listed under each Field of experience there are at least 10 ideas for things to do, for instance under
Fields of experience 4 the following are mentioned:

* look at structures of fruit with their placentas, ovule and pericarp, the development of seed after ~
fertilisation of the flower,
* observe the development of a plant (scarlet runner) from seed to fruit,
* study and observe the life cycle of a cabbage,
* look at which parts of plants are edible,
*
compare various types of tomatoes focusing on propagation and genetics (including the effects of

mutations),
* measure and compare the percentage content of vitamin C and nitrate in various vegetables using
chemical indicators, sugar with Fehling's solution and starch with potassium iodide-solution,
* determine the water content of various vegetables,
* weigh and measure the giants and the dwarfs.

x Children's gardens. Children's education in gardens (not necessarily botanic gardens) has
a long history. In ancient times schools of gardening were conducted for boys of noble birth (Scheid,

1976). Some early cultures taught the youth how to plant and cultivate trees at the same time as they
learned how to forge armour. During the nineteenth century, gardening as an educational activity

began in Germany. Many owners of large estates instituted gardens or farms for the instruction of
their employees. From this practice a few private gardening schools developed. Eventually

government became interested in these gardening schools, and the feeling arose that something
should be done to give all rural school children instruction in the use of their environment. The
movement became know as 'School Gardening'. From the first school gardening programmes
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established in Germany in 1814, more programmes, usually stressing agricultural practices, were
introduced into the rural schools, until by 1910 most schools in most 'western' countries had some

type of school gardening programme.
With the founding in 1840 of Froebel's "school of happy occupations", or Kindergarten, the

philosophy of the School Gardening movement began to change. By the late nineteenth century, the

movement was no longer just stressing agriculture, for the administrators began to feel that school

gardening "sharpens the powers of observation". With this change in philosophy, the movement

began to grow. In 1869 both Sweden and Austria issued royal edicts concerning school gardens. In
1880 France's Ministry of Education set up a school gardening curriculum in its elementary schools.
In 1891 the first school garden was established in the USA (in Roxbury, Massachusetts). In 1902
school gardening was made mandatory in all rural schools in England and in 1904 several were

established in Canada.

With the advent of the First World War, the school gardening effort began to diminish and by
the end of the Second World War, school gardening had almost totally disappeared. Education in
botanic gardens rose as the school gardening movement declined but a number of botanic gardens

took the movement forward. In 1914, for instance, Brooklyn Botanic Garden created a children's

garden which is still in existence (and greatly used) today. A number of other botanic gardens such

as RBGE have recently added children's gardens to their range of educational activities (see Figs.
5.43 & 5.44).

xi General public information. Botanic gardens provide an enormous amount of 'one-off

information to the public. While not constituting a course, series or exhibition such information

amounts to an important amount of public education. Requests are regularly received for plant

identifications, poisonous plant information, pest and disease control and plant cultivation advice.
Such services also provide an important link with local groups and the local community.

5.5 The need for, and uses of, plant collections to support botanic garden education, with

particular reference to live plant collections.
Unlike the previous chapter where both live plant collections and dried herbarium collections

were used to support research, in this chapter dealing with education, it is almost entirely the live

plants that are of use to education. The notable exception to this is where graduates, and especially

post graduates, need to use herbarium material for research or when research staff give lectures or

demonstrations using herbarium material. That said, the rest of this section deals with live plants

only.

The sheer diversity of plants that can be seen during a visit to a botanic gardens cannot be matched

by a visit into the countryside. Special microclimates such as glasshouses and windbreaks, or soil
ameliorants such as peat, lime or humus, coupled with the skills of horticultural staff combine to

enable an extraordinary diversity of plant material to be displayed. Visits to botanic gardens, most of
which are located in urban areas and are therefore nearer to most people than the countryside

254



Fig. 5.39. Sampling rainforest products in
RBGE's glasshouses

Fig. 5.41. Rapid cycling brassicas: part of
SAPS programme, here ready to study the
progeny of various crosses.

Fig. 5.40. Rapid cycling brassicas: part of
SAPS programme, here ready to be used to
study pollination.

Fig. 5.42. Painting plants as part of a
'Shape, form and function of plants' class
at Atlanta.

anyway, enable children, students and adults to see far more of the plant kingdom, in a shorter space
of time, than any other type of educational or recreational visit. It has been estimated (Edwards and

Willison, 1990) that over 150 million people visit botanic gardens each year. While many of these
will merely wish to read a book or feed the pigeons in pleasant surroundings many will also visit for
educational purposes. What other type of place, other than a botanic garden, could offer so much
information about plants and be able to show or demonstrate so much? While it could be argued that
such a mixed assemblage of plants, badly arranged and interpreted could give confused or misleading
educational 'messages', in the majority of cases they represent an extraordinary educational resource.
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Education in botanic gardens is not only one of the most important uses of the live plant collections

but also one of the greatest users, both in terms of numbers of plants and number of people.

While the previous sections have shown that live plants are used to fulfil educational

objectives at many levels and for many aspects, the reality is that they are not used in that many

different ways.

PhD students may simply wish to observe the characteristics of species within a genus while

on other occasions they may require to actually grow plants to become familiar with laboratory or
cultivation techniques. Many examples of postgraduates using botanic gardens to grow and then use

plant material have been observed recently. In the Bombay Institute of Sciences Botanic Garden

students are allocated small plots for such work; in one plot lemon grass (Cymbopogon nardus) was

being cultivated to study the relationship between provenance and concentrations of citronella oil. At

RBGE Cathy Findlay is growing Sorbus aucuparia to study their miccorhiza while David Long is

cultivating several species of the liverwort genus Asterella for taxonomic and cytogenetic study. At
Burdwan University Botanic Garden in West Bengal Madagascar Periwinkle (Catharanthus roseus)

was being grown to determine levels of its leukaemia retarding alkaloid, vincristine. Many university
botanic gardens, in particular, make space available for PhD students to cultivate plants for scientific
research. Almost always, however, such plants are grown in specialist behind the scenes' areas away

from the public areas of the garden and the general collections of plants in the garden are seldom

used in this way.

At graduate level a great diversity of plants is required for practical classes. Great quantities
of freshly cut material are needed to support classes in systematic botany where students will require
flowers and fruit for dissection in order to observe floral parts and arrangements. Leaves and stems

are also required, to show plant adaptations, arrangements and textures of leaves, and stem features

such as bark colour, texture and the presence of thorns or aerial roots.

Plants are required for plant identification classes also (see Case study 5.19), especially at

Higher National Diploma level and especially for horticulture and landscape architecture. Often
these are arranged by genus or family so that students can compare and contrast species within a

genus or family. On other occasions they might be arranged by environmental suitability (eg plants
for shade, damp or atmospheric pollution) or plant types (e.g. alpines, climbers, or grey foliage

plants) or flowering season (e.g. spring flowering shrubs).

Finally plants for use at this university/college-based level will also be required for a whole

range of general botany demonstrations, for instance- whole plants to observe adaptations and

diversity, microscope slides of sections of plants to study anatomy, electrophoresis of contrasting

plant tissues, radiography to analyse genetic relationships, DNA extractions, flower morphology of
different plant families, to observe chromosomes, measure photosynthesis rates, observe pollen tubes

growing and monitor rates of growth under different conditions of light quality or duration or under

different nutrient regimes.

Even at the level of adult education classes in gardening a considerable amount of material

might be needed. The diversity of these classes has already been highlighted in Case studies 5.3 and
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5.4 which covers just two botanic gardens. If dealing with shrub pruning, pricking out, grafting, tree

planting, turfing, bulb planting or training climbers the implication for live plant material in the

garden, or for specially prepared material will be considerable.

Fig. 5.43. School Garden at RBGE Fig. 5.44. School Garden at RGBE

The main linking theme behind all these classes, lectures, practicals or demonstrations is that

they depend on live plant material. It needs to be available, in great diversity and often in great

quantity. A class of 30 students studying orchid taxonomy or orchid pollination mechanisms, for

instance, may well need one flower each, of up to ten different species. Such requirements, if not

specially catered for, can put great strains on the live plant resources in botanic gardens. The plant
identification classes run at RBGE (see Case study 5.19), for instance, use very large quantities of

plants.

CASE STUDY 5,19. PLANT IDENTIFICATION CLASSES: RBGE

Horticultural training staff at RBGE run two types of plant identification class, both for its own
students and students of landscape architecture. Plant walkrounds take place each week and the
purpose is to look at the plants growing in the landscape. 6-10 plants may be seen in a typical 45
minute session- size, shape, form, growing conditions, propagation, identification and recognition
are all topics that are covered. Plant identification tests also take place each week and during these
sessions students attempt to name 20 cut plant specimens. After about 15 minutes the lecturer
describes the plants and points out their main diagnostic features. There is much deliberate overlap
between the two approaches and students will have seen most plants both in 'walkrounds' and 'idents'

Case study 5.19 continued overleaf
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by the end of their course. Additionally, there is as much as 30% repetition per week to reinforce
learning.

Plant walkrounds occur for 30 weeks each year for three years for RBGE students, accounting for 90
sessions in total with, perhaps, 6 species each session; this accounts for at least 540 species.
Undergraduate landscape architects receive about~45 sessions over two years accounting for about
270 species. Post graduate landscape architects receive about 20 sessions over one year but cover up
to ten plants per session; this comes to about 200 plants.

The Plant Identification Tests use more plants: RBGE students again receive 90 sessions but the
plants seen in the first year are repeated again in the second year so in terms of weeks the total can
be regarded as 60; 20 plants are seen each week with about a 20% repeat figure- this comes to about
1,000 species. The undergraduate landscape architects adhere to a fixed list of the TOO most
important landscape plants' for their first year and then branch out to a palate of about another 100
plants in their second year. The post graduate landscape architects do not receive plant identification
tests.

These figures show the high number of plants covered and therefore the sort of live plant collection
resource necessary to run these types of course. They also demonstrate very well the use of live plant
collections in botanic gardens.

During term times when RBGE is catering for horticultural students, two groups of landscape
architects and adult education classes in the evenings it would not be unusual for 150 plant

specimens to be cut each week for educational purposes alone. This shows the level of commitment

required from the living collections side of a botanic garden to running even a modest range of

courses.

Students studying biology or botany at these levels require plant material for plant physiology

practicals (as described above) and those studying systematics, either as a module within a biology
course or at MSc/PhD level require plant material for flower dissections. The RBGE horticulture

course, already mentioned in 5.4 includes a systematics module, in their case consisting of 20
lectures. Each lecture has a practical component of one hour in which students dissect and draw
flowers from different horticulturally important families. During each of these 20 weeks therefore the

garden provides about 5-7 different flowers in quantities large enough to satisfy a class of 15

students. Again, these are very important uses, and therefore roles, for the live plant collections in
botanic gardens. However, again, material is seldom grown especially for these classes and lecturers

are usually able to find sufficient suitable material from the existing collections. Occasionally,

however, if large quantities of rather specialised material is required then lecturers might ask garden
staff to grow it. University botanic gardens were established to fulfil the role of providing specialist
class material, somewhere to observe the diversity of living plants and glasshouse or other space in
which to conduct practicals or research. As documented in Chapter 2 the earliest started as physic

gardens and were closely linked to university medical schools. However, as the science of botany was

slowly recognised in its own right then existing ones transferred to botany departments and new ones

were created as an integral part of the modern botany department. Although new university botanic

gardens are being created right up to the present time to service the needs of botany teaching and

research by growing live plants, many are hardly used and face closure. Case study 5.20 describes the

situation of university botanic gardens in more detail.
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CASE STUDY 5.20. UNIVERSITY BOTANIC GARDENS

In the sense that many botanic gardens are in fact university botanic gardens, set up to facilitate
education and research as part of botany departments then botanic gardens have been servicing this
sector of education for many years.

Unfortunately, the fortunes of the gardens concerned have mirrored the fortunes of botanic research
and the enthusiasm, or lack, of lecturers. As botanical research has become more concerned with
cellular, molecular and genetic issues, rather than the whole plant, so the usefulness of university
botanic garden has declined- many to the stage where funding has been cut to such a level that they
barely exist. Linked to this has been a lack of enthusiasm shown towards them by Heads of
Departments and staff, leading to further isolation.

Many university botanic gardens in Britain serve almost no useful function- students are never taken
there, cut material is never used in practical classes and virtually no experiments are based there.
Add to this the fact that many university botanic gardens are only concerned with student education
(at least in name) and often have no remit or interest in serving general public education and the
situation becomes compounded. In Europe the story is similar but not quite so bad. Most students
taking biological sciences have to receive some training in classification and systematics and the
services of botanic gardens are normally used for this. However, if courses are cut, or rationalised, as
was mentioned earlier with botany courses in the Netherlands then botanic gardens can easily be
abandoned if their raison-d'etre disappears- see section 5.4, li concerning the Vrije University
Botanic Garden, Amsterdam.

The whole picture is not gloomy though, some university botanic gardens have managed to survive
by generating external income, from, for instance, Societies of Friends, such as at Dundee and
Cambridge. In N America it should be noted, university botanic gardens have never had such a
'closed shop' approach to education, seeing themselves as serving the whole community, rather than
just students. Harvard's Arnold Arboretum, for instance has a comprehensive educational package
designed to serve many sectors of society (for more detail, see Case study 5.3). In India the Bombay
Institute of Sciences Botanic Garden and Burdwan University Botanic Garden seemed to use their
botanic gardens regularly to support identification, ethnobotany, adaptation and diversity lectures.

Another important issue giving rise to at least a little optimism in such gardens is the rising
importance of ecology, conservation and the realisation that the world needs more trained systematic
botanists. These subjects, relying at least in part on 'whole plants' have spawned new courses and a
reawakened appreciation of the role of botanic gardens. RBGE, for instance, though not a university-
funded botanic garden now has recently launched an MSc in 'Taxonomy and Biodiversity of Plants
and Fungi' in conjunction with the University of Edinburgh. This course relies heavily on the
collections and staff resources of the botanic garden. The campus botanic garden at Tubingen
University has been designed to reflect the modern needs of botanical, biological and ecological
teaching and incorporates native plants, phytogeographic and ecological groupings and even a
rubbish tip 'garden' (see Figs. 5.46 & 5.47). At the Botanic garden of the University of Hohenheim
the landscape has been designed to show native plants in an ecological setting to explain plant
migration and plant geography (see Figs. 5.48 & 5.49).

While most university botanic gardens were set up with the best of intentions and were genuinely
needed at the time, many are now ofmarginal use and face an uncertain future unless they can find
independent sources of funding and be seen to appeal to a wider audience than merely university
students.
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Fig. 5. 45. Ecological prarie plantings at Chicago,

Fig. 5.46. Ecological marsh plantings at
Tubingen (seen here in February).

Fig. 5.47. Ecological plantings on
dolomitic limestone at Tubingen.

Guided tours, and indeed the plant identification walkrounds, use plant material in a different

way to those used for practicals and lectures- the main difference is that students go to the plants, the

plants are not cut and brought into classrooms. Three points are worth considering here- first the
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layout of the garden and the species selection within it, second the problem of 'doing things' with

plants and third the problem of seasonality.
The first point listed was about layout and this really referred to the location of plants within

the garden. Botanic gardens seldom have static designs; while the hard landscape may remain

unchanged for many years, the soft landscape is traditionally altered and changed frequently. While

plants may have been laid out in a logical arrangement at the start of a project, for instance by

geographical region or by taxonomic grouping, these rarely persist for long. As plants die and are

replaced by others, or as new staff with new ideas are appointed, so designs change with the outcome

that most botanic gardens have a variety of planting styles perhaps best described as 'random' or

'haphazard'! The result is that for those trying to devise themed guided tours to see a specific range of

plants it is often very difficult to organise a logical route and often plants are far away from each

other making comparison and contrast difficult. Having said that, it is none the less remarkable that

most botanic gardens have a sufficiently diverse collection to enable education staff to run many,

different themed tours and while many plants might not be conveniently located, a little imagination
can usually overcome the problem. Most educators in botanic gardens could easily devise 20-30
themed guided tours even though the garden and species selection had not been designed specifically
for those tours. Examples are listed in Footnote 5 7. Usually educators would walk to the plant
concerned and stand beside it and tell the appropriate story about its mechanisms, survival or use.

The skill of the educator is of great importance because, for most people, the visual interest of the

plant will probably have waned after about 30 seconds. It is therefore the quality of the delivery of
the story that is as important as the description itself. Individual staff are therefore preferable to self-

guided tours with explanatory leaflets though the latter may be perfectly acceptable to, say, more
mature people or those with some prior knowledge or interest. The 'Windgong' garden within
Utrecht University Botanic Garden is a rare example of a garden designed specifically for education:
it is described in case study 5.21.

CASE STUDY 5.21. THE WINDGONG GARDEN: UTRECHT UNIVERSITY BOTANIC
GARDEN.

It is rare for gardens to be designed for education; normally areas are designed for amenity or general
holdings purposes first and then educational themes are derived from the design at a later date.
However, one good exception to this is the newly created 'Windgong' garden within the Utrecht
University Botanic Garden. The primary purpose of the Botanic Garden as a whole is to grow plants
for scientific education, research and conservation. However, they also aim to use the plants for
general education and recreation. The 'Windgong' garden is an example of how a garden can be
designed specifically for education, yet still have its roots in science.

The idea of the garden came about because of a shift of emphasis in education work from working
solely with scientific groups to working more and more with the general public. As both groups had

Case study 5.21 continued on page 262

5.7
Native plants, rare, threatened or endangered native plants, plants used in folklore or traditional medicine, plants used for food or

shelter, 'useful' plants such as those yielding dyes, fibres or fuel, different types of flower pollination system, different types of seed
dispersal, plants from other countries, plants for home gardening and many more.
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Fig. 5.48. Ecological birch/pine plantings at Hohenheim

Fig. 5.49. Within birch/pine eco-plantings at Fig. 5.50. Aquatic and marginal eco-
Hohenheim plantings at Berlin.

different needs the Botanic Garden decided to design a new garden at Fort Hoofddijk. After
discussions with relevant parties a number of requirements and themes were agreed as follows:

* Adaptation: to illustrate the importance of biodiversity,
* Medicinal plants; to illustrate that a large proportion of plants are used in the production of
medicine,
* Useful plants: to also include wild ancestors ofmodern agricultural varieties,
* Wild species of the temperate regions: to be shown preferably in an 'ecological' setting.

After agreeing to requirements for the garden its design went out to open competition and the
winning design was called 'Windgong'; it not only satisfied the requirements stated above but was
also specifically designed for the disabled. The garden represents the themes in four separate areas

Case study 521 continued on page 263
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but they are not rigidly restricted and can be interwoven into several areas:

* The first area is dedicated to useful plants.
* The second area shows how vegetation changes in gradient from a wet to a dry habitat. The area is
built on a slope starting at 0.5m below water level and running to 3.0m above water level.
* The third area is reserved for pharmaceutical plants.
* The fourth area contains wild plants occurring in different Dutch landscapes.

The educational goals of the theme garden are as follows:

* For visitors to have contact with plants; visitors are encouraged to touch and smell plants.
* To serve as an educational tool for science. Students in biology, pharmacy and veterinary science
have to be able to use the garden.
* To show different aspects of plants, often in a way which is not normally shown.
* To use special adaptations for disabled visitors, particularly for blind and partially sighted visitors.
These adaptations also serve as 'eye-openers' for fully sighted people. Models and bas-reliefs are used
to draw attention to details often overlooked by most visitors.

If it is possible to 'do something' with the plant, to demonstrate a process or a fact then this is
a considerable bonus. As mentioned before, plants can easily be thought of as boring as they do not
move much and are not immediately appealing in the same way that animals are. The problem is

that, apart from 'set-piece' practicals with special apparatus, there is often little that can be done with

plants that are simply growing in the landscape. Educators can explain how rubber is made, chicle
harvested or indigo used to dye cloth but this is seldom as good as doing it 'for real'. The other

problem is that of quantity of material and destructive harvesting; chicld trees, for example, can only
be tapped once every 5 years, how many botanic gardens have sufficient material to demonstrate this

to four guided tours every day of the year? None the less many plants in botanic gardens are used as a

basis for such stories and they constitute an important reason for growing plants. An excellent, but
rather rare, example of plants being grown specifically for educational uses was observed at Atlanta
Botanical Garden. Ant plants (Hydnophytum spp.) were grown each year from seed; after three to

four years, when they were sufficiency mature, the base was cut open to shown the chambers which

the ants inhabit (see Figs. 5.51 & 5.52). The plants could survive in this state for a few months

before perishing and could be used for many classes. Without cutting the base open it would be

difficult to imagine the chambers. These plants were grown for no other purpose other than for
education.

The third problem was that of seasonality. Many themed guided tours rely on seeing certain
flowers or fruits or perhaps autumn colour. There is little point, say, in laying on guided tours to see

flowering bulbs in autumn or winter. While guided tours of various types have a number of
drawbacks or problems they still constitute a very important use of plants and it is important to have
a very wide diversity of plants available to use in this way.

As mentioned in Case Study 5.19 plant identification walkrounds are arranged for a slightly
different purpose than the guided tours mentioned above. They do not really use plants in a different

way because people still gather around a plant and talk about it, the difference lies in the content of

the story. As the audience is usually composed of horticulture or landscape architecture students the

information given is usually more in-depth than for general guided tours and longer time will usually
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be spent at each specimen. Topics covered usually include name, country of origin, communities or

ecosystems within which the species is found, diagnostic features, propagation, visual attributes,
environmental tolerances and cultivation,

Fig. 5.51. Hydnophytumformicarum. Fig. 5,52. Hydnophytumformicarum, grown
exhibiting ant chambers (Atlanta). each year specifically for educational

purposes (Atlanta).

Due to the problems mentioned earlier about the difficulty of making plants more interesting,

especially for school children, botanic garden educators have been seeking more active ways of using

plants. Whilemany adults might be satisfied with the rather passive approach described above,

children, especially if they are supposed to be learning something important, will always respond

better, and learn faster by doing active things. It is for this reason that more hands-on' or interactive

programmes such as those described in Case Studies 5.16 (Hands-on Plants), 5.17 (SAPS) and 5.18

(Vegetables) have been developed. Such programmes are often targeted to specific curricula needs
and often take place in classrooms with special equipment and have material specially grown or

gathered for them. Hands-on plants, for instance, requires fresh inputs of plant material from the

garden each week. However, virtually all the plant material is from existing plants and nothing new
or special has to be grown for it. SAPS, on the other hand, often relies on special laboratory grown

plants while materials for the vegetable hands-on programme are most easily bought at the local

supermarket. Often, good co-operation is provided by garden staff who either grow or gather material
for classes (for example the ant plants at Atlanta Botanic Garden mentioned earlier which is a good,
but rare example of a plant being grown especially for an education programme). More often
education staff simply 'make do' with the plants already growing in the garden, Other examples of
such 'one off specific uses of plants for education use are shown in Table 5.1.
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Venus Fly traps- to show insectivorous behaviour,
Genetically controlled tomato plants for genetics lectures at RBGE,
Large palms to make shelters
Suagaro cacti (Carnegiea gigantea) fruits for their juice and to eat the seeds
Mesquita (Propsis glandulosa & P. velutinajbstrk. for making 'paint' and beans to make mesquita
flour

Twigs, leaves and flowers to make pictures and rainbows
Bark for bark rubbing
Tab It' 5.1 Specific uses of plants for educational activities

Games, such as those described in Case Studies 5.14 and 5.15, while not necessarily using
much plant material, also form part of this more active approach to learning as does bark rubbing
and the handling of large or small, rough or smooth leaves by younger children as described in

primary and pre-school activities.
Some botanic gardens have gone a stage further and have tried to create a 'complete

experience'; RBGE's 'Living in a Rainforest', run during 1991 and 1992, was a very good example of
this (see Case study 5.22).

CASE STUDY 5.22. LIVING IN A RAINFOREST: RBG, EDINBURGH

The 'Living in a Rainforest' project, which ran from January 1991 to May 1992, was the most
ambitious educational project to be undertaken by RBGE. The principle aim was to demonstrate the
relationship between the rainforest people of South-East Asia and their environment. In particular,
the sustainable use of tropical plant resources and the links between culture and ecology. There were
three main strands to the project: a public exhibition, which was visited by more than 400,000 people
during the 16 month period; a schools' education programme involving 130 classes throughout
Scotland; and a public education programme, which included a variety of workshops, performances
and events.

The centre-piece of the exhibition was a Borneo-style rainforest longhouse, 10m long, filled with
appropriate artefacts. During the week the house served as a classroom and base for classes taking
place in the schools' programme, while at weekends and other times it became an open-plan exhibit
for general visitors. Other elements of the exhibition included animal photographs, a giant rainforest
mural and panels exhibiting powerful statements from world leaders, scientists and tribal people with
photographic images showing the rainforest as a home.
The schools' programme was very varied but normally involved dividing the day into three parts.
First there was an interactive group session, which included handling and discussing artefacts and
meeting the Bornean family who normally inhabited the rainforest house in an audio-visual
presentation. After a tropical snack, small groups went off to explore the "rainforest" (the
glasshouses) and to undertake set tasks relating to hunting, gathering or building. The children ate
their lunch in the rainforest house and then carried out a practical activity such as Malayan cookery,
mask-making, printing, music, drama, or shadow puppetry reflecting the cultural side of living in a
rainforest. Hopefully, inspired by their visit the classes developed the project back at school through
discussions, investigations, drama, creative writing and art.
The public education programme also had a number of facets; one only of which is mentioned here:
weekend family workshops which proved to be very popular. Most of these were run by professional
artists who were able to offer activities not normally available in botanic gardens such as Sarawak
costume and dance, African music and batik.
While many of the above activities did not involve the live plant collections directly it is emphasised,
as elsewhere, that it is the general ambience provided by the plants, availability of other facilities,
such as glasshouses, and staff knowledge that combines to make botanic gardens especially good
places to hold such events. See Fig. 5.53
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Fig, 5,53 The 'Living in a rainforest' project, RBGE

5.6 Recreation in botanic gardens

Reference has already been made to the fact that in excess of 100 million people visit botanic

gardens worldwide, each year, Reference has also been made to the importance of recreation in the

literature review. Many botanic gardens maintain high quality gardens with superb displays of

flowering plants and, at the very least, most have lawns and paths on which visitors can play and

stroll. Since most botanic gardens are situated in, or near, cities, they are often perceived as local

parks- and used as such,
The visitor survey described by Burbidge (1990) in the literature review (section 5.2) revealed

the rather startling fact that only a small minority of visitors, about 4%, visited RBG Kew for
educational reasons, and by inference, therefore, the rest visited for recreation. So, despite the rather

'noble' stated policies ofmost botanic gardens which usually include research, education and

conservation, by far the greatest 'use' of botanic gardens is for recreation and, admittedly, many

botanic gardens do include this in policy statements, but usually at the end of the list.
The reason why botanic gardens are popular with the public are fairly obvious- often they

provide secure, high quality greenspace, often located in urban areas. Two thirds have no entry fee

(see Q28 of the questionnaire in Chapter 7) which of course makes them even more attractive. Some
visitors will appreciate the, often high level, security offered, while others will appreciate the lack of

dogs, ball games or loud radios. In many other cases people will also appreciate the extra quality or

diversity of the plantings. An important point to mention also is that while only a minority might
visit for 'formal' educational activities, as described in the rest of this chapter, there is often a fine

dividing line between recreation and education. Botanic gardens are very much places where the two
can be mixed and the phrase 'education through recreation' is particularly pertinent. Many will visit

primarily for recreation but many may also enjoy reading the occasional interpretive label or looking
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for the name of a plant that has caught their curiosity. However, the potential for imparting some sort

of 'educational message' onto this 'captive audience', even at a low, almost sub-conscious level, has
not escaped the attention of botanic garden educators.

In some ways it could be argued that the recreational function has led to an uneasy alliance in

many botanic gardens between the status of their professional uses (e.g. research) and their public

use, which is mostly for recreation. The primary stated puipose ofmost live plant collections (which
of course constitute the garden part of the institution) is to support the professional uses, yet, as we
have already seen in Chapter 4, this may be fairly low. So the collections are amassed with research

(and other professional uses) in mind, yet the real users are the public for recreation. Of course, the

reality is that even in the most scientific of botanic gardens large areas are often designed with

display, or public recreation, specifically in mind, while other areas may be dedicated more to

research and conservation. One only needs to look at the bedding displays at RBG Kew, or the

herbaceous border at RBGE, or the Japanese Garden at Missouri to appreciate that this is the case.

Typical recreational activities in botanic gardens would be rather passive and would include

walking, reading, sunbathing, feeding pigeons/ducks, and picnicking (see Figs. 5.58-5.60). While

reference has been made to a slightly uneasy alliance between 'serious' botanic gardens, specialising

in, for example, science, it should be remembered that in many other gardens display, itself, is a

prime function. In these gardens high quality visual displays are all-important although they tend to

be slightly different (possibly a bit more educational) from visual displays, such as bedding schemes,

in local authority parks. The Palmengarten in Frankfurt, Brooklyn Botanical Garden, Bok Tower

Garden, the Strybing Arboretum, Huntington Botanical Gardens, Lalbagh Botanical Garden, the
Government Botanic Garden, Ootacamund, the National Botanic Gardens, Kirstenbosch and the

Botanic Gardens, Singapore are just a few examples of botanic gardens which are renowned for the

high quality of their visual displays and in which, also, display is a prime function of their existence.
It is also interesting to note tjtdt that the recreational aspect of a garden can be exploited.

While some botanic gardens take a rather 'austere' view of plant selections and designs (for instance

by insisting on a no cultivars policy, on taxonomic groupings and plant selections that complement
research activity) others may be more liberal. At Missouri Botanical Garden, for instance, there

appears to be little evidence of the plants complementing the research and, in addition, designs are

noticeably, bright, well-planned, colourful and aesthetic. The puipose, of course, is to deliberately
create an attraction, both for local residents and tourists and, since the garden charges an admission

fee, profits can be generated to feed back into research, education and conservation. In addition, the

garden makes an attractive venue for weddings, functions and exhibitions, bringing in more revenue.

So, as well as the benefits already mentioned, the recreation function can also generate funds.

Botanic gardens should make no apology for the recreation side of their activity- they should
welcome it. It facilitates good local community contact, offers a possible introduction for the public
into other facets of the garden such as an adult course, enables 'low level' education to take place and
can provide finance for research effort.
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Fig. 5.54. Reading the Sunday papers in the
Rose Garden at Missouri.

Fig. 5.55. Playing with the children on
the lawns at the Strybing Arboretum.
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Fig. 5.56, Sunbathing at Glasgow.

5.7 Questionnaire results

Introduction. Part 4 of the questionnaire was devoted to education and included Questions

30-34; these questions were designed specifically to elicit information on four main topics: firstly, to
find out the ways in which live plant collections were used; secondly the degree of involvement
education staff had in plant acquisitions or garden designs; thirdly the area of the garden given over
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to education; and lastly, the importance placed on the live plant collections by educators, in relation
to other educational resources.

Despite being an aspect of major importance in botanic gardens and a topic to which a great

proportion of this thesis is devoted, the-design (and therefore the response) of Part 4 was probably the

weakest and least satisfactory part of the questionnaire. This was because educational activities being
so diverse and those involved in them so varied, that concise questions, constructed within the

formality of a questionnaire, were difficult to compose. The follow-up study tour interviews, although
difficult to analyse, were found to be a better tool for gathering information in this case. Despite

these problems some useful basic information was gathered. As always the questions were confined
to the use of the live plant collections.

Question 30. In what ways and to what extent do you use the live plant collections for
formal public education?

This was an introductory question and respondents were offered four options plus 'other ways'
and given three possible responses : 1 - not used at all, 2 - used moderately and 3 - used greatly.
Since only four options were given it might have been expected that the 'other ways' option would
have scored highly but it was left blank in 86.7% of cases. The first option was general but the others

were more biased to educational activities; this allowed comparison between educational and non

educational use.

Summary of Q30 results: world figures. In the 'used greatly' response option (a), 'Garden

tours to view attractive displays' scored highest with 39.4% (representing 306 gardens in the

questionnaire). Options (b) and (c), 'Garden tours to view specific plant types' and 'Plant material in
lecture and demonstrations' came second equal (32.2% and 32.9% respectively, representing 250 and

255 gardens respectively in the questionnaire). Option (d), 'Plant material to complement static

displays or information boards' scored lowest (12.5%, representing 97 gardens in the questionnaire).

Caution, however, should be exercised in interpreting these figures because if the results from

response 2 and 3 are added and compared to the result from response 1 so as to give a total 'used',

against 'not used' split the emphasis is shifted from option (a) to (b) and (c). The results are shown in

Table 5.2.

On a world basis this shows a very high rate of use but with little discrimination between the

public being shown plants for aesthetic or educational reasons.

Type of use Not used Used

a) Garden tours to view attractive displays 16.1% 76.8%

(b) Garden tours to view specific plant types e.g. natives, aquatics 13.5% 80.1%

(c) Plant material in lectures and demonstrations 13.7% 80.2%

(d) Plant material to complement sta tic displays or information boards 34.8% 55.2%

(d) Other ways 4.4% 8.9%

Table 5.2. Comparison of the ways in which live plants collections are, or are not, used for public
education in botanic gardens.
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Summary of Q30 results: continental figures. When the figures for each continent are

analysed some variations in results are revealed, but they are usually not very great. The easiest way
to show them is to sum the 'used' figures as above and display them in tables; option (a), 'Garden

tours to view attractive displays' is taken first- see-Table 5.3 below.

Africa N America S America Asia Australa. Europe Average
76.3% 83.6% 60.6% 82.7% 80.0% 71.0% 76.8%

Table 5.3. Q30 - In what ways and to what extent do you use the live plant collections for formal public
education? Option (a), Garden tours to view attractive displays. The figures show the comparison in
continental responses, recording a combined 'used moderately' and 'used greatly' response.

This shows that S America and Europe were below average, Africa was on average, and Asia

and Australasia were above average. While the figures highlight some variations they are not great.

Fig. 5.57 illustrates the full results.
In the second option (b), 'Garden tours to view specific plant types e.g. natives, aquatics etc.',

the figures show considerable international uniformity with all continents except for Australasia and

Asia falling just below average. The Australasia result stands out a clear 10% above the average.

This shows that in Australasia very great use is made of plant tours to view specific plant types.
Table 5.4 shows the combined 'used' result and Fig. 5.58 illustrates the full result.

Africa N America S America Asia Australa. Europe Average
73.3% 78.0% 78.8% 83.9% 90.7% 77.8% 80.1%

Table 5.4. Q30 - In what ways and to what extent do you use the live plant collections for formal public
education? Option (b), Garden tours to view specific plant types e.g. natives, aquatics etc. The figures
show the comparison in continental responses, recording a combined 'used moderately' and 'used greatly'
response.

ATTRACTIVE DISPLAYS

60.00%

Africa N America S America Asia Australa Europe Average
Continent and average

Not used at all □ Used moderately ^ Used greatly

Fig. 5.57. Extent to which live plant collections are used for public education in the context of 'garden
tours to view attractive displays'. The graph is arranged by continent and also shows the average.
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SPECIFIC PLANT TYPES

80.00%

70.00%

60.00%

50.00%

N America S America Asia Australa Europe Average
Continent and average

Not used at ail □ Used moderately ESS Used greatly

Fig. 5.58. Extent to which live plant collections are used for public education in the context of 'garden
tours to view specific plant types, e.g. natives or aquatics'. The graph is arranged by continent and also
shows the average.

In the third option (c), 'Plant material in lectures and demonstrations', there is, again, a
remarkable degree of international uniformity as shown in Table 5.5. However, careful scrutiny of
the uncombined figures (see Appendix VII) shows a difference in emphasis which is explained in
Footnote 58. Fig. 5.59 shows how each continent responded to option (c).

Africa N America S America Asia Australa. Europe Average
76.3% 81.7% 84.4% 81.1% 83.0% 78.1% 80.2%

Table 5.5. Q30 - In what ways and to what extent do you use the live plant collections for formal public
education? Option (c), Plant material in lectures and demonstrations. The figures show the comparison
in continental responses, recording a combined 'used moderately' and 'used greatly' response.

In the fourth option, (d), 'Plantmaterial to complement static displays or information boards'

Europe was nearly 10% above the average of 34.8% to response 1 (not used at all) with 43.0%. When
the combined 'used' are summed as before (see Table 5.6), a considerable degree of international

uniformity is shown yet again with the exception of Australia which was 22% above the average. In
this option however, there was a greater degree of difference between the 'used' responses (2 and 3)
than in the other options; the greatest discrepancy was with Australia; 'used moderately' scored
66.2% while 'used greatly' scored only 10.8%. However, combined, they show the figure recorded

5 8
For example with S America and Australasia responses 2 and 3 are very different (60.6% and 24.2% respectively, for S America

and 69.2% and 13.8% respectively, for Australasia). In both cases the second figure was far less showing that while plants were used
in this way (84.8% and 83.0% respectively) they could not be said to have been 'used greatly'. With the other continents both figures
were within 12% of each other.
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below. The readers attention is again drawn to Appendix x if the full range of figures need to be

studied. Fig. 5.60 shows how each continent responded to option (d).

70.00%

60.00%

LECTURES & DEMONSTRATIONS

Fig. 5.59. Extent to which live plant collections are used for public education in the context of'plant
material in lectures and demonstrations'. The graph is arranged by continent and also shows the
average.

Africa N America S America Asia Australa. Europe Average
52.7% 56.6% 48.5% 64.3% 77.0% 45.6% 55.2%

Table 5.6. Q30 - In what ways and to what extent do you use the live plant collections for formal public
education? Option (d), Plant material to complement static displays or information boards. The figures
show the comparison in continental responses, recording a combined used moderately and used greatly
response.

In the fifth option (e), (Other ways) most respondents, perhaps surprisingly, left the space

blank and therefore scored '0': the one obvious exception was Australasia as can be seen in Table 5.7,

below. The scores for Australasia were as follows, with the average scores from the combined

continents in brackets: 'not used at all', 23.1% (4.4%), 'used moderately' 50.8% (4.0%) and 'used

greatly' 20.0% (4.9%). For comparison with the figures above the combined 'used' figure amounts to

70.8%.

Africa N America S America Asia Australa. Europe Average
97.4% 82.4% 84.4% 94.3% 6.2% 84.4% 86.7%

Table 5.7. Q30 - In what ways and to what extent do you use the live plant collections for formal public
education? Option (e), Other ways. The figures show the percentages who did not respond to this part.

50.00%

4-0.00%

30.00%

20.00%

10.00%

0.00%
Africa N America S America Asia Australa Europe

Continent and average
^ Not used at all □ Used moderately ^ Used greatlt

Average
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STATIC DISPLAYS/INFO BOARDS

o

0>
D-

70.00%

60.00%

50.00%

40.00%

30.00%

20.00%

10.00%

0.00%
Africa

_

N America S America Asia Australa Europe Average
Continent and average

Not used at all □ Used moderately E3 Used greatly

Fig. 5.60. Extent to which live plant collections are used for public education in the context of 'plant
material to complement static displays or information boards'. The graph is arranged by continent and
also shows the average.

The figures show that education staff employ few other ways of using the live plant collections
in gardens other than the ways itemised above.

Fig. 5.61 shows how each continent responded to option (d).

OTHER

Continent and average
Not used at all □ Used moderately Used greatly

Fig. 5.61. Extent to which live plant collections are used for public education in the context of 'other
ways'. The graph is arranged by continent and also shows the average.
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Q30 Analysis and discussion. It has been useful to record the combined score from responses

2 and 3 in this question to give a combined 'used' figure; it has presented a clearer interpretation of
the answer rather than the three way split asked for in the original question. However, the three way

split allowed the 'degree of enthusiasm' for the option to be shown. It was probably natural for the

more cautious response 'used moderately' to be ticked more frequently than the categorically more

positive 'used greatly' response but it is useful to plot a correlation between the two to highlight areas
of greatest difference. Ln Table 5.8 below, the figures from response two (used moderately) have been

divided by the figure from response 3 (used greatly) to find out how many times less response 3 was

ticked than response 2.

Quest. Africa N. Amer. S. Amer. Asia Austra. Europe Average
Q30a 0.93 0.64 1.22 0.53 2.25 1.40 0.95

Q30b 1.15 1.00 1.60 1.43 4.37 1.54 1.49

Q30c 0.93 1.28 2.50 1.35 5.01 1.26 1.44

Q30d 2.99 3.49 3.00 2.29 6.12 4.18 3.40

Table 5.8. Comparison between the 'used moderately' (response 2) and 'used greatly' (response 3)
responses. The figures show out how many times less response 3 was ticked than response 2 in Q30.

The figures show a number of points:
1. The 'degree of enthusiasm' drops as the question progresses: in Q30a respondents were

very positive and 'used greatly' was ticked more frequently than 'used moderately'. In Q30b and Q30c
the two responses were fairly similar, but in Q30d a great lack of enthusiasm was shown and 'used

greatly' was ticked 3.4 times less often than 'used moderately'.
2. The Australasian responses were very different from the other continents' responses in

each case and were more cautious (or less enthusiastic) each time; however, the progression was at

least in step with the other continents. No logical reason for these differences could be thought of, but
it is worth noting that the Australasian responses were consistently above average (and in many cases

the highest) in the combined 'used' figures displayed in Tables 5.3-5.6, showing that in Australasian
botanic gardens live plant collections are used to a great extent to support educational activities.

The results of Q30 can be summarised as follows:

1. On a world basis live plant collections are used to a great extent by education staff in
botanic gardens. Tours to view attractive displays, tours to view specific plant types and plant
material in lectures and demonstrations are all used in more than 76% of gardens.

2. Plant material to complement static displays or information boards is used far less than in

the ways above but is still used in 55% of Gardens. 35% of gardens do not use plants at all in this

way, but this could be because they do not have the facilities to make or display such items.
3. S America and Europe used garden tours to view attractive displays slightly less than other

continents while in Australasia garden tours to view specific plant types was used 10% more often

than the average of all continents. Great uniformity of response was shown in the third option. The
fourth option (Plant material to compliment static displays) was used less as noted in 2 (above) but
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regional comparison showed that in Australasia this method of plant use was employed almost 22%

more often than elsewhere.

4. Differences between responses 2 and 3 showed the 'degree of enthusiasm' for each option

and, as previously noted, Australasian responses appeared more cautious than other continents,

though the overall use (i.e. the combined 'used moderately' and 'used greatly' figures) was higher
than average and sometimes the highest.

The next stage of analysis involved the comparison of these results with the results from other

questions to see if trends could be confirmed or rejected. Correlation possibilities existed between this

question (Q30) and funding agency (Q3), policy (Q4), species selections/emphasis (Q22) and display
methods (Q23). In the comparisons below the figure quoted for Q30 is the combined 'used' figures
listed in Tables 5.3 - 5.6.

1. Correlate with funding agency (Q3). One could make a reasonable guess that botanic

gardens supported by universities were mostly interested in research rather than attractive displays;
that government and museum funded gardens were mostly interested in education and research

rather than attractive displays; and that gardens funded by endowments or public support were

mostly interested in attractive displays rather than education or research.

If these suggestions were true and in the light of point 3 above, which stated that S American

and European gardens use 'Garden tours to view attractive displays' (Q30a) less than in other

continents then it would be expected that botanic gardens in these continents were funded more by

universities than by other agencies. The world figure for funding by universities is 29.5% and indeed

the figures for S America and Europe are above the average (30.3 and 40.7% respectively); all other

countries are below the average with Asia at 25.3% next below S America. There is, therefore, a

correlation.

The reverse of this is also worth studying: does the above option (Q30a) correlate with

endowments or public support? The world average for endowments is 6.1% and for public support,

5.3%. N America is substantially above average in both cases with 18.9% and 15.1% respectively. N
America (along with Asia and Australasia) scored highest in Q30a with 83.6% (Asia 82.7% and

Australasia 80.0%) again showing a strong correlation.

Question 30b involves the plants being used in a more educational way and while there was a

great deal of international uniformity Asia, and Australasia scored above average; it would then be

expected that in these continents gardens would be funded mostly by governments and museums.

The world figure for funding by governments is 27.2% and museums 1.0%. Asia scored 37.4% and

1.1% (above and equal to average) while Australasia scored 38.5% and 0.0% (above and below

average) showing a reasonable correlation.

2. Correlate with policy (Q4). There should be a strong correlation between policy and the
answers to Q30.

There was a reasonable degree of international uniformity in Q30a, 'Garden tours to view

attractive displays', with all continents relatively near the average of 76.8%; however, S America and
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Europe were below (60.6% and 71.0% respectively), while N America, Asia and Australasia were

above (with 83.6%, 82.7% and 80.0% respectively). Africa scored close to average with 76.3%. If

there was to be a strong correlation the figures for 'Provision of quality urban greenspace' (Q4, option

4) should be above the average for N America, Asia and Australasia. This was the case exactly with

these continents scoring 10.5%, 10.2% and 10.3% respectively, against the average of 7.8%. As

anticipated Europe was low with 4.8% but S America was surprisingly high with 9.1%. Africa scored
4.4%.

Question 30b, 'Garden tours to view specific plant types' had an educational slant. While there

was generally a remarkable degree of international uniformity and all continents had high figures it
was noted that Australasia scored 90.7%, 10.6% above the average. When correlating Q30b with Q4

(policies) it would therefore be anticipated that Australasia would come top but that other continents
would score highly, but evenly. In reality the correlation works well but not perfectly: Australasia
came second to N America (23.6% and 27.7% respectively, compared to the average of 20.7%).

3. Correlate with species selection/emphasis (Q22). In Q30a, 'Garden tours to view

attractive displays' a correlation would be expected with Q22e, 'Plant cultivars' because gardens

concentrating on display usually use many cultivated as well as 'straight' species. Gardens scoring

highly in the former (N America, Asia and Australasia) would also be expected to score highly in the
latter. The correlation worked very well for N America and Asia (26.4% and 29.9% respectively,

against the average of 21.6% in the 'great emphasis' category of Q22, but less well for Australasia

(9.2%). Europe also scored highly (19.9%) which would not have been anticipated. There appeared

to be no good reason for these differences.
This same correlation might be expected to work well with Q22f 'Plants suitable for local

gardens' also. Analysis of the results shows that the correlation did work well. N American,

Australasian and Asian gardens scored 51.6%, 38.5% & 27.0% respectively, against the average of

30.9%. This put them in first, second and third place respectively even though Asia's score was

below average. The percentage figure referred to 'great degree of emphasis', response code 1 of Q22a,

as above.

The second option of Q30 'Garden tours to view specific plant types' would be expected to

correlate well with Q22g ('Economic food plants- of potential current, or future, use') and Q22h

('Medicinal plants- of potential current, or future, use') even though in both of these cases there was

little emphasis on the collection of these plants in botanic gardens worldwide (45.7% and 41.9%

respectively). As noted previously there was a good deal of international uniformity in answering

Q30b; all continents scored fairly equally, and just below average except for Australasia which
scored more than 10% above the average of 80.1 %. The figures for Q22g 'Economic food plants' do
not correlate well; the average was 15.6% of continents who gave 'great emphasis' to the display of
these plants and Australasia scored marginally below the average with only 15.4%. With Q22h

'Medicinal plants' Australasia scored below the average of 21.1% with only 15.4% again.

No other relevant correlations existed between Q22 and Q30.
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Question 31. Are your staff involved in plant acquisition policy or layouts/designs within
the Garden?

This question was designed to highlight the extent to which botanic garden education staff

are, or are not, involved in plant acquisitions (Q31a) and garden designs/layouts (Q31b). As

anticipated at the design stage of the questionnaire results from Q30 showed that plant material from
within botanic gardens was used greatly for educational purposes. If educators were great users of the

live plant collections then it seemed sensible to analyse the extent to which they were also involved
with plant selection and designs. It would seem sensible for them to be considerably involved.

Summary of Q31a and Q31b results: world figures. For plant acquisitions (Q31a), 32.1%

(representing 249 botanic gardens in the questionnaire) were 'greatly involved', 42.0% (representing
326 gardens) 'were moderately' involved and 18.7% (145) were 'not at all involved'. The combined

'moderately' and 'greatly' involved figure adds up to 74.1%. 7.2% (56) did not respond.
For designs/layouts (Q31b), 25.9% (representing 201 botanic gardens in the questionnaire)

were 'greatly involved', 44.3% (representing 344 gardens) were 'moderately involved' and 19.6%

(152) were 'not at all involved'. The combined 'moderately' and 'greatly' involved figure adds up to

70.2%. 10.2% (79) did not respond.

Summary of Q31a and Q31b results: continental figures. Internationally the results did not

vary greatly. The figures are shown in Footnotes 5'9 and 510 . Figs. 5.62 and 5.63 illustrate the results.

Q 31 Analysis and discussion. On a world scale the figures for (a), acquisitions and (b)

designs/layouts are very similar in the 'not at all involved' and 'moderately involved' categories.
However in the 'greatly involved' category, designs/layouts, (b), are about 7% lower than

acquisitions, (a). This shows that garden managers are more tolerant of educators having an input
into the selection of plants but are more cautious about allowing them to have a say in designs or

layouts. While the figures for both a & b show a high level of involvement it is non-the-less

surprising that in nearly one in five Gardens there was no involvement and in only one in three to

one in four Gardens was there great involvement.

Internationally, N America, Asia and Europe scored highest in this question. In other words

educational staff were fairly heavily involved in plant acquisitions and designs within botanic

gardens within these continents. This situation seems only sensible as educational staff (along with

the public and students they are educating) are one of the prime users of the gardens and plant

collections, but it is unfortunate that this is not equally true for all gardens in all countries. This

point will be explored further, later in this chapter. The surprising omission here is Australasia; with

59..
(a), Acquisitions; Africa and S America (scoring 31.6% and 30.3% respectively) were higher than the average of 18.7% in the

'not at all involved' category and Asia with 9.8% was much lower. Other scores were close to average. All continents were fairly
near the average of 42.0% in the 'moderately involved' category. N America and Asia (at 34.6% and 39.1 % respectively) were
higher than the average of 32.1% in the 'greatly involved' category. Africa, S America and Australasia (at 21.6%, 18.2% and 21.5%
respectively) were lower than the average. Europe was almost identical to average.
510

(b), Designs/layouts; Again Africa and S America were highest in the 'not involved at all' category (scoring 36.8% and 27.3%
respectively) against the average of 19.6%. Australasia and Europe were near the average (20.0% and 22.1% respectively) and N
America and Asia were below average (scoring 15.1% and 13.8% respectively). In the 'moderately involved' category Asia was
highest (59.8% against the average of 44.3%); N America and Australasia were also above average, but only marginally so. Africa,
S America and Europe were below average (scoring 28.9%, 33.3% and 37.1% respectively). N America and Europe scored higher
than the average in the 'greatly involved' category (32.1% and 29.3% respectively against the average of 25.9%). All other
continents scored below the average (Africa, 15.8%, S America, 21.2%, Asia, 19.0% and Australasia 21.5%).
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its emphasis on education (second after N America in Q4)- it would have been anticipated that staff
would have been more heavily involved. (The Australasian result is perhaps surprising low

considering they have scored consistently highly in Part 4, however, they did score highest (47.7%

against the average of 42.0%) in the 'moderately involved' category).

INVOLVEMENT: ACQUISITIONS
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Fig. 5.62. Extent to which education staff in botanic gardens are involved in acquisition policy. Arranged
by continent and showing the average.
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Fig. 5.63. Extent to which education staff in botanic gardens are involved in garden designs or layouts.
Arranged by continent and showing the average.
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Question 32. Are any areas of your garden laid out with public education as the primary

purpose?
This question was included simply to fmd out how many gardens had areas specifically

dedicated to public education and therefore the degree of seriousness with which public education
was viewed.

Summary of Q32 results: world figures. In nearly two thirds of all Gardens there is at least
some area laid out with public education as the primary purpose. 62.0% of respondents replied "yes"

(accounting for 481 responses in the questionnaire), 34.3% replied "no" (266 responses).

Summary of Q32 results: continental figures. International differences show that Asia and

N America scored above average (70.7% and 66.7% respectively against the average of 62.0%).

Africa and S America scored below the average (50.0% and 45.5% respectively). Australasia and

Europe might have been expected to score higher than average but only scored 61.5% and 58.0%

respectively. Fig. 5.64 illustrates the results.
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GARDEN AREAS FOR EDUCATION

-+- 4- 4-
Africa N America S America Asia Australa Europe Average

Continent and average
B3 Yes □ No

Fig. 5.64. Percentage of botanic gardens with areas of the garden laid out with public education as the
primary purpose. Arranged by continent and showing the average.

Q32 Analysis and discussion. Although never challenged at the piloting stage, in retrospect

this question (and therefore also Q33) could have been ambiguous. The author had intended to test

for the existence of features such as demonstration gardens, where plants might have been cultivated

to show specific biological processes or uses by humankind. Such areas would also be expected to

include interpretive boards or for leaflets/guide books to be available. The existence of such features
would demonstrate that their primary purpose was education as opposed to the whole garden which

included education as one of its policies but was not solely intended for education. The ambiguity
could have been that those answering the questionnaire took the whole garden to be educational (in
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some cases it might be that indeed the whole garden was intended to be educational). Caution should

therefore be exercised in quoting or interpreting these results.

Bearing in mind the proviso described in the paragraph above, the figures stand as a piece of

factual information to add to the discussion in Chapter 8 and require little analysis or discussion
here.

Question 33. If "Yes" to Q32, please estimate very approximately the % of the whole
Garden given over to public education.

Summary of Q33 results: world figures. The results show that of the gardens who do have

areas laid out with public education as the primary purpose 23.1% (representing 109 gardens in the

questionnaire) had more than 80% of the garden devoted to this function. The other results were as

follows: 60-79% of the garden, 15.5% (73 gardens); 40-59% of the garden 19.7% (93); 20-39% of

the garden 20.2% (96) and less than 20 % of the garden 21.4% (101).

Summary of Q33 results: continental figures. Internationally the figures are quite variable;
in the summary below only particularly high or low scores are mentioned. Fig. 5.65 illustrates the

results.

In Africa only 50% of gardens had such areas (Q32), but of those that did 31.8% (second

highest after N America) put more than 80% of their area over to that use; the other proportions

scored fairly low except the <20% category which, at 40.9%, was twice as high as the next continent

down the scale (Europe).
In N America the >80% category scored highest with 32.3%; the other proportions were fairly

even at about 17%.

S America scored evenly in the first three categories with 23.5%. This put then on average in

the largest category (>80%), above average in the next two down and correspondingly below average

in the last two categories.

Asia, which scored highest with 70.7% in Q32, scored lowest in the >80% category (10.3%).

The proportions of the gardens used for education were weighted towards the bottom of the category

scales. Interestingly, this then showed that even though more gardens in Asia have areas given over

to education, the proportion of land devoted to this was less than gardens in other continents.

Australasia also scored lower than average in the >80% category (15.8% against the average

of 23.1%). Proportions used were highest in the 40-59% (23.7%) and 20-39% (28.9%) categories.

Europe scored third highest (26.6%) in the >80% category and then fairly evenly, and close to

average, at around 15.6%- 20.8% in the other categories.
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% OF GARDEN GIVEN TO PUBLIC EDUCATION
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Fig. 5.65. Percentage of botanic garden land area laid out with public education as the primary purpose.

Question 33 Analysis and discussion. When the questioning from Q32 was carried forward

to try and Fmd out the proportion of gardens given over to education (Q33) it showed that nearly a

quarter of all gardens who replied positively to Q32 put more than 80% of the area of their garden
over to public education. Such a high figure suggests that the ambiguity alluded to above may have
been correct. In other words respondents might have ticked this box taking the mere existence of a

botanic garden to mean that it was educational. The other proportions were answered fairly equally
and only about a fifth of gardens who had such areas put less than 20% of the area over to this use.

Alternatively, however, the high figures can be argued as being reasonable in the light of the
results of Q23. This question sought answers to the ways in which plants were displayed in gardens.

Respondents were asked to tick the three most important methods used. Results therefore showed the

percentage of gardens that regarded each method within its most important three methods used. 7

categorise (including "other" were given, and of these 5 could be said to be educational (eg

ecological/habitat associations, demonstrations of biological processes, plants by use etc.) and two
not educational (colourful displays and artistic designs). Even if "other" is added to the latter, the

combined results are as follows:

- educational-type displays 57.8%
- non-educational displays 23.8%
This shows that educational type displays are more frequently used than non-educational

displays and perhaps explains the large proportion of botanic gardens given over to education.

Africa N America S America Asia Australa Europe Average
continent and average

■I >80% M 60-79% am 40-59%
■ 20-39% ^ <20%
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Question 34. How do you rate the importance of the live plant collections in your garden
as a useful aid to your public education programmes compared to other resources?

This question was similar to Q12 in Chapter 4, it aimed to examine the value or importance

placed on live plant collections, in this case by education staff, compared to other resources available.

Respondents were given four choices plus 'other' and were asked to put them in order of importance.
The question was difficult to construct as many educational activities take place, many

resources are used and in many cases the resources are mutually beneficial and used in tandem.

Classrooms and exhibition halls are also resources but were not included as they could not, on their

own, have been used for anything constructive. The resources listed after live plants seemed meagre

but after considerable thought and discussion with others few additional resources that could have

been compared could be thought of. Interestingly, the results bear this out as in only 9.2% of cases
did respondents tick the 'other' box (Q34e).

Summary of Q34 results: world figures. On a world basis the results show a very clear
result for live plants; they gained 76.3% (representing 592 gardens in the questionnaire) as the most

important resource. Guide books/leaflets were second (11.7%, representing 91 gardens nominated
them as the most important), audio-visual presentations were third (7.5%, representing 58 gardens

nominating them as the most important), and static exhibits of text/photos were fourth (5.7%,

representing 44 gardens nominating them as the most important). Guide books/leaflets scored higher
in the 'second most important' box (30.5%, representing 237 gardens), static exhibits came highest in
the 'third most important' box (24.7%, representing 192 gardens). Audio-visual presentations came

highest in the 'fourth most importance' box (20.7%, representing 161 gardens).
As noted above 'other' scored 9.2% in total; some of the comments were as follows;

Summary of Q34 results: continental figures. Internationally the results showed little

variation and are therefore presented in Footnote 511 . Figs. 5.66 - 5.70 illustrate the results.

Live plants (Q34a) scored highest in ail continents. Asia was highest with 83.3% of gardens putting them as the most important
resource and S America was lowest, but still with 60.6%Guide books (Q34d) scored highest in the 'second most important' box in
four continents except for in N America and Asia where audio-visual presentations and exhibits respectively, scored highest in this
box. Static exhibits (Q34b) came highest in the 'third most important' box and this was the case in four continents but not N America
or Asia where guide books and audio-visual presentations respectively filled this position. Audio-visual presentations (Q34c) came
highest in the 'fourth most important' box even though maiginally more (20.9% against 20.7%) scored this use in the third box.
While coming fourth in this response only one continent (Australasia) scored it highest in this place. N America scored exhibits
highest in fourth place and in the other continents fourth place was inconclusive.
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Fig. 5.66. Percentage of education staff in botanic gardens quoting live plants as their most important
resource compared to other resources.
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Fig. 5.67. Percentage of education staff in botanic gardens quoting static exhibits of text/photos as their
most important resource compared to other resources.
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IMPORTANCE RATING: AUDIO-VISUALS
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Fig. 5.68. Percentage of education staff in botanic gardens quoting audio-visual presentations as their
most important resource compared to other resources.
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Fig. 5.69. Percentage of education staff in botanic gardens quoting guide books/leaflets as their most
important resource compared to other resources.
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IMPORTANCE RATING: OTHER
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Fig. 5.70. Percentage of education staff in botanic gardens quoting 'other' as their most important
resource compared to other resources.

Q34 Analysis and discussion. Live plants have been clearly identified as the most important
resource for educationalists in botanic gardens; does this finding correlate well with the responses for
other questions? Question 7 showed that the garden side of botanic gardens is the most expensive

part of the whole institution. Since educationalists value this resource greatly it at least shows that

use/appreciation is made from this expensive resource. However, interestingly, in contrast, Q7 shows

that public education accounts for the smallest portion of the total budget (in 64.2% of gardens public
education accounted for less than 20% of the total budget). This low level of expenditure seems at

odds with the importance placed on education by most gardens. However, if one considers the live

plant collections as an educational resource it at least helps to justify the high level of expenditure on

the garden side.

An interesting correlation can be made with Q29e; this question tested opinions held by
curators of live plant collections towards various issues or statements. Q29e stated: 'Too much money
is allocated to catering for public education to the detriment of the plant collections'. Since great use

is made of the collections in the cause of public education, and since educators appreciate the

resource, and since education take the smallest proportion of total budgets, it would be unlikely if
this was the case. If category 1 and 2 (strongly agree and agree) were added and 4 and 5 (disagree
and strongly disagree) the results are as follows:

-Agree 10.1%
-Neutral 18.8%
- Disagree 59.9%

Africa N America S America Asia Australa Europe Average
Continent and average
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It is again satisfying that correlations between different parts of the questionnaire seem to

agree thereby providing proof that the questionnaire has been filled in correctly and that

contradictions do not occur.

Question 19. Does your garden supply plant material to universities, colleges or schools
for practical classes (including in-house courses)?

Although this question does not fit in sequentially with the preceding questions it fits in here

more logically than in other chapters. The live plant collections constitute and enormous resource for

teaching at all levels from primary school children through public education, practical training
courses and up to university degree and post graduate studies. The diversity of vegetation brought

together in close proximity by the skill of horticultural staff is surely one of the greatest feats of

botanic gardens. The use of this material to support teaching is great yet seldom mentioned, yet were
this function cut many would be the poorer. This question was inserted to find the level of occurrence

and commitment.

Summary ofQ19 results- world figures. 77.1% of respondents (representing 598 gardens in
the questionnaire) replied positively, 20.5% (159 gardens) answered negatively and 2.4% did not

respond at all.

Summary of Q19 results- continent figures. S America deviated most dramatically from the

average with a score of 54.4% for 'Yes' and 42.4% for 'No'. In the other direction Africa was most

noticeable with scores of 84.2% for 'Yes' and 13.2% for 'No'. Other scores were not greatly different
from the average. Fig. 5.71 shows the results.

Q19 Analysis and discussion. While 77.1% is a high figure it is, perhaps, surprising that an
even higher result was not recorded. Most botanic gardens are located near to cities or towns and one

would think that the plantmaterial contained within these would be an obvious source of class

material.

Question 20 was a direct follow-on from Q19. It asked: If "Yes" to Question 19, does this

influence the range of species or number of plants you grow"? The purpose of this question was

to try and gauge the extent to which the fact that botanic gardens did supply plant material
influenced the range and number of plants they grew. In other words it would give an impression of
the seriousness with which they undertook the task. If it did influence the range and number then it
could be argued that they took this function seriously and saw it as part of an important service or

role and if it did not influence the range then perhaps it was just a less serious consequence of the

plants held.
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Fig. 5.71. Percentage of botanic gardens supplying plant material to universities, colleges or schools for
practical classes (including in-house courses).

Summary ofQ20 results: world figures. The results show art almost exact 50:50% split.
Those responding 'Yes'" added up to 50.1% (306 responses in the questionnaire), those responding
'No' came to 50.0% (305 responses).

Summary of Q20 results: continent figures. The major noticeable variation from average

was the Austrlasian figure: 27.7% responded in the affirmative and 72.3% responded in the negative;
S America was the next continent down responding in a similar way: 38.9% 'Yes' and 61.1% 'No'.

The figures for Asia were the other way around, but not as dramatically so: 62.6% 'Yes' and 37.4%

'No'. Responses from other continents were not far removed from average; Fig. 5.72 shows the
results.

Q20 Analysis and discussion. It could be argued that since in 505 of those gardens that did

supply this material, the range of species held or the number of plants grown, was influenced, that
505 took this task seriously while 50% did not. However, it is probably safer to draw no such

inferences here since in the latter's case they could have wanted to grow that selection anyway, for
other purposes.

Again, it should be noted that, ideally, the total numbers responding to Q20 should equal

those answering 'Yes" to Q19. As before, with similarly styled questions there was a small

discrepancy, ie. some of those voting 'No' in Q19 went on to answer Q20. The error rate is small and

no notice has been taken of it; the figures were analysed as they stood.
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Fig. 5.72. Percentage of botanic gardens where the fact that they supplied plant material to universities,
colleges or schools influenced the range of species or number of plants they grew.

It is interesting to correlate the results from these last two questions with other questions, such
as funding agency, to see for instance, if the majority of those stating that they did supply such

material, and that it did influence the garden, were university botanic gardens, or ran horticulture

courses.

The results of cross tabulating Questions 19 and 20 with Q3 (funding agency) are shown in

Table 5.9. The table shows the numbers that match the cross tabulation in two percentage figures:

First, %a, which is the percentage out of the total number answering 'Yes' to Q19, which was

598, and 'Yes' to Q20 which was 306, (for example 25.6% of all those answering 'Yes' to Q19

were government funded botanic gardens);

Second, %b which is the percentage answering 'Yes' to Q19 and 'Yes' to Q20, out of the
number that was funded by each type of funding agency, (for example 72.5% of all

government

Analysis and discussion of Tables 5.9. Table 5.9 shows that university-funded botanic

gardens are by far the largest suppliers of plant material both in terms of number and percentage.
Indeed the percentage figure in column '%b' shows that of the 229 university funded botanic gardens
in this questionnaire 92.6% supply plant material for practical classes. This shows extremely well the

need for, and use of, such gardens. Additionally, of the gardens that did supply such material,

Africa N AmericS Americ Asia Australa Europe Average
Continent and average
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university-funded gardens found, more than any other type of garden, that the supply of such
material greatly influenced the range of species or number of plants grown.

Funding agency Yes to Q19 %a %b Yes to Q20 %a % b

Government 153 25.6% 72.5% 66 21.6% 31.3%
Town Council 83 13.9% 77.5% 36 11.8% 33.6%

University 212 35.5% 92.6% 147 48.0% 64.2%
Museum 4 0.7% 50.0% 1 0.3% 12.5%
Endowment 27 4.5% 57.4% 10 3.3% 21.3%

Public support 30 5.0% 73.2% 7 2.3% 17.1%

Other 59 9.9% 69.4% 26 8.5% 30.6%

Table 5.9. Cross tabulation between Questions 19/20 and 3 to show the numbers and percentage of
botanic gardens, funded by different agencies, that supply, and whose gardens are influenced by the
supply, of plant material to universities, colleges and schools for practical classes.
Notes: 1. Descriptions of %a and %b appear in the text above this table.

s
5.1 Results and analysis of interviews

Introduction. The rationale for the interviews has already been described in Chapter 3.4

along with information on sample selection, presentation, interview technique and analysis.
Interviews were conducted in a total of 41 botanic gardens and data concerning education was

collected from virtually all of these. Nine questions were asked following the same sort of pattern as

those posed in the previous chapter on research.
It should be noted that it was not possible to interview education staff at Selby Botanical

Garden and therefore no education information appears for Selby, even though it is known that they
do have a strong interest in education. As before, it should also be noted that the information

presented in this section is only that which was gained from interviewing staff and not from
observation or texts and therefore is only as accurate as the knowledge of the staff. Finally, it should

be noted again that in the tables below the 'Europe' heading refers to study tour 1 which covered the

Netherlands and Germany and 'India' refers to study tour 3 which covered both India and Sri Lanka. _

Question 1. What range of educational facilities or activities do you offer and who are

they aimed at?
This question sought to find out the numbers of botanic gardens undertaking public and other

education, the range of facilities or activities offered and the target groups. The results are shown in

Tables 5.10 and 5.11.

Facility/activity Europe USA India

Guided tours 7 22 4

Interpretation 6 20 4

Publications/leaflets/worksheets 3 22 3

Teaching room 3 17 1

Systematic garden 4 - 1

Demonstration garden 5 - 2

Adult education courses (not schools or student-based) - 20 2

Self guided trails - 9 -

Children's garden - 1 -

Schools programme 3 16 4

Table 5.10 continued overleaf
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Outreach programme - 3 1
Pre-school classes - 1 -

Gardening classes 5
No education 1
No information - 1 -

Table 5.10. Summary from study tour interviews showing the types of educational activity and/or facility
offered by botanic gardens and the numbers offering them.

Age/group Europe USA India
Mostly school children 1 2
Mostly university students 4-3
Mostly adults (not students) 2
All groups/ages 5 18 4
No education 1 - -

No information - 1 -

Table 5.11. Target audience for educational activities at botanic gardens visited during the study tours.

Analysis and discussion. The results show a very diverse range of activities offered,

especially in the USA. They also show that in Europe and India many botanic gardens cater

predominantly for university students while in the USA educational activities were always open to all

ages and ability levels of the public. Systematic and demonstration gardens were still used frequently
in Europe while in the USA it was unusual for areas to be zoned especially for this- in many ways the
entire gardens were considered to be demonstration garden.

Question 2. Are the live plant collections used to support any of these facilities or
activities?

This question was posed to obtain a straight answer about the use of live plant collections to

support these activities. This would or would not add further evidence to one of the key questions of
this thesis- "Are live plant collections used fully?"

Response Europe USA India
Yes, used 9 21 9
No, not used
No education 1 - -

No information - 1 -

Table 5.12. Number of botanic gardens visited during the study tours in which the live plant collection
were or were not used to support educational activities.

Analysis and discussion. Many responses, especially from the USA were very positive,

showing that live plants are used extensively to support education.

Question 3. What exactly do you need the plants for, what purpose do they serve, how do

you use them?

This question sought to fmd out exactly how the live plant collections were used to support

education. Rather than general phrases like guided tours and interpretation, questioning sought to
find out exactly how the plants were used. This was an important question; in zoos animals move
about and it is easy and quick to appreciate facts about their habits, and adaptations to then-
environment. Plants do not have the same immediate appeal, especially to children, and in many
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botanic gardens, even though education is stated as an important aim, often this merely involves

standing beside a plant and telling a story, for instance about rubber or cork production beside a

rubber tree or cork oak. These activities cannot sustain interest for long and I wanted to see ifmore

imaginative ways were being adopted. Examples were not always easy to express in the form of brief
notes in a table; however, the results are summarised in Table 5.13.

Need for plants/Use
Plant identification classes

Gardening and propagation classes/demos
To show floral parts, leaves, bark etc.
Drawing or painting classes
Basis for explanation/storey
Basis for storey telling
Basket of food products
Bark rubbing/games
To show native plants
To explain systematics/evolution/tax
Material for lectures/demonstrations
Landscape architecture classes
Component of 'whole habitat' display
Interactive displays
Source of plants for student herbaria
Basis for floriculture courses

No education
No information

Europe USA
10

1

9
1
18

15
1
1
4

1

India
2

Table 5.13. Ways in which live plant collections in botanic gardens visited during the study tours are
used to support educational activities.

Analysis and discussion. The interviews showed that indeed the predominant way of using

plant material for education was to use it as a prop or basis for a story but that other techniques are

also being used. It was interesting to note that in India/Sri Lanka it was still common practice for
students to make up their own herbaria from material in the Garden, a practice that was once
common in Britain.

Question 4. (a) Would you be able to pursue your educational objectives without the live

plant collections? (b) What sort of alternatives would you have?
This question sought to quantify the value placed on the live plant collections as a resource by

education staff. The results to part (a) appear in Table 5.14 and the results for part (b) in Tables 5.15.

Response Europe USA India
Yes, would be able -

No, would not be able 9 21 9
No education 1 - -

No information ; 1 -

Table 5.14. Number of botanic gardens visited during the study tours where staffwould, or would not, be
able to continue their educational activities without the live plant collections.
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Existence of alternatives to live plant collections Europe USA India
to support education
Yes, there are alternatives - 2 -

No, there are not any alternatives 10 19 9
No education ...

No information : 1 -

Table 5.15. Existence of alternative to live plant collections to support education in botanic gardens
visited during the study tours.

Analysis and discussion. In Table 5.16 the 'Yes, there are alternatives' responses came from
North Carolina Botanic Garden and North Carolina Arboretum. They both replied that the garden
offered the best facilities but in the absence of the Garden the surrounding Biological Reserve at the
former and the surrounding forest in the latter would be reasonable alternatives. Apart from these
rather exceptional circumstances the other responses show that it would not be possible to pursue

educational activities without the plants and that there are virtually no other alternatives to the live

plant collections. It must be recorded, however, that some of the educational activities in India/Sri

Lanka were fairly sparse and, if they did exist, hardly exploited the resource of the botanic garden at

all.

Question 5. (a) Do you have a good working relationship with garden staff and (b) do

they provide the sort of material you need in the way you need it?
This question sought to explore the relationship between education staff and garden staff to

determine levels of co-operation and to find out the ways and the extent to which the garden side was

serving educational needs. The results of part a) are shown in Table 5.16 and those of part b) in
Table 5.17.

Working relationship Europe USA India
Yes, good working relationship 6 15 9
No, not good 1 - -

Qualified yes - 4 -

No reply 2 2 -

No education 1 - -

No information - 1 -

Table 5.16. Number of botanic gardens visited during the study tours in which education staff did, or did
not, have a good working relationship with garden staff.

Provide required material? Europe USA India
Yes, suitable material provided 2 8 2
No, suitable material not provided ...
No reply 3 7-
Make do with what's available 4 6 7
No education 1 - -

No information - 1 -

Table 5.17. Number of botanic gardens visited during the study tours in which garden staff do, or do not,
provide the sort of material required by education staff.

Analysis and discussion. The figures show that in most cases garden staff do provide the sort

of plant material requested by education staff. There was, however, some reluctance to answer this

question, no doubt due to institutional loyalty, hence the high 'No reply' response which was given in
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about a third of cases in Europe and the USA. It should be noted as before, that some European
botanic gardens only cater for university education and therefore had no public education staff. Also
in the USA part (a) was often given a "Yes" because many of the botanic gardens visited had small
staff numbers and there was little differentiation between jobs, consequently there was greater co¬

operation. This question was not particularly applicable in India/Sri Lanka as there were very few
full-time education staff, normally garden managers or scientific staff took any educational activities

required. However, as stated previously, these were almost non-existent. Finally, it was interesting to

observe that Missouri Botanical Garden Education Division managed their own plant material in
their own glasshouse specifically to overcome problems of supply- and financed it themselves too.

This meant they could produce exactly the material they needed at the time needed.

Question 6. To what extent are you involved in garden designs, content and layout?

This question was a direct follow-on from Q5 but sought information from the other way
around. Instead of asking if the garden side served education it asked whether the education side
were permitted any involvement in the garden.

Degree of involvement Europe USA India

Not involved 4 13 2

Partly involved 1 5 1

Totally/very involved 4 3 6

No education 1 - -

No information - 1 -

Table 5.18. Extent of involvement by botanic garden education staff in garden designs, content and
layout.

Analysis and discussion. In the USA staff occasionally said that attitudes were changing and

they would be more involved in the future but in general involvement was very low as expected. In

India/Sri Lanka most garden designs were decided by the head of the garden, who often also did the

education as there were few specific education officers. In this circumstance the question was of little
relevance. This is an important issue which is discussed in greater detail in Chapter 8.

Question 7. What sort of proportion of the plants are used to support educational activities?
This question sought some factual information to try and find out the sort of numbers or

proportion of the plant collections used for education. It is part of the continuing process of trying to

ascertain the numbers of plants in live plant collections that are used actively for any purpose.

Proportion of collections used Europe USA India
Good use made of whole collection 4 - 1
Difficult to estimate 1 1 -

Many 2 5 1
Moderate - 11 1
Few 2 4 6
No education 1 - -

No information - 1 -

Table 5.19. Proportion of plants in botanic gardens collections used to support educational activities.
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Analysis and discussion. Interviewees understandably found numbers or proportions difficult
to quantify. They also said that great numbers were often used in specialised areas such as

glasshouses but that few or moderate numbers were used elsewhere. This made overall quantification
difficult. In general, numbers or proportions were low in terms of numbers of species used within the

collections, however, many said that individual specimens could be used very often- sometimes
almost once a day in guided tours or self-guided tours. The great banyan tree (Ficus bengalensis) in
Culcutta Botanic Garden must surely fit into this category.

Question 8. In what other ways do you think that the live plant collections could be used

to support educational activities; how do you see this developing in the future.
This question looked for ideas- to hear from education staff their opinions of ways in which

live plants could be used and their ideas for the future. It should be noted that each garden could
score more than one idea/activity.

Education idea/activity Europe USA India
More of the same 2 7 1
More of a thematic approach 1 - -

Better labelling 1 - 1
Better/more interpretation 5 12 -

Interactive use of media 1 - -

More public and schools education 1 - -

More environmental/conservation education 1 - -

More of the 'hands-on' approach - 5 1
More outreach programmes - 3 -

More attention to secondary education - 1 -

More publications and leaflets - 1 -

More teacher training - 1 -

More use of video - 1 1
No ideas 3 3 8
No education 1 - -

No information - 1 -

Table 5.20. Other ideas or ways in which live plant collections could be used to support education in
botanic gardens.

Analysis and discussion. While this question looked for inspiration and ideas for the future
the reality was that responses were poor and lacked enthusiasm or originality. Many simply said that

they would like to see more of the same sorts of things that they were doing at present; a few said

they would even be pleased to survive! More or better interpretation was mentioned most frequently.
Staff in a few of the American botanic gardens mentioned the need to consult visitors and others to

find out what they wanted rather than imposing on them what we thought they wanted.

Question 9. What proportion of the live plants are used to support education and what is
the purpose of the ones that are not supporting education?
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The first part of the question had already been asked in Q7 but it was asked again to focus the

respondents' mind on the main issue which was then to ask the purpose of the plants which were not

serving education. Again each respondent could reply with more than one answer.

Purpose other than education Europe USA India
Conservation - 12 2
Visual display 3 17 5
Material for classes 1 - 2
Research 4 10 2
All for education- no other purpose 2 - 1
Evaluation - 2 -

Training - 1 -

Leisure - 1 -

Aesthetics (but not display) - 1 -

Food sources (e.g. for humming birds) - 1 -

No education 1 - -

No information - - -

Table 5.21. Purpose of live plant collections in botanic gardens other than education.

Analysis and discussion. As anticipated conservation, display and research figured highly as

other uses of the plants apart form education and in fact many gardens in the USA mentioned these

three together. However, it was interesting to note that European gardens did not mention

conservation at all, preferring to regard their other roles mostly in research and visual display.
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CHAPTER 6. THE USE OF LIVE PLANT COLLECTIONS TO SUPPORT

CONSERVATION IN BOTANIC GARDENS

6.1, Introduction

Fig, 6.1. The combination of resources available within botanic gardens can contribute positively to
plant conservation. Here at Bonn Sophora toromiro is grown ex situ prior to re-introduction to Easter
Island.

As the loss of habitat has accelerated, threats to the environment have escalated and pressures

on remaining habitats and species have increased, so demands for greater conservation action have

expanded, both nationally and internationally. In response to this amultitude of research

organisations, government agencies, wildlife trusts, charities and funds have been contributing to

conservation for many years now. Actions have included legislation to create protected areas,

monitoring population numbers, conservation research, direct action to protect certain habitats,

raising funds to purchase land and new laws to discourage trade in endangered species.
It would not be unfair to say that botanic gardens have been slow to realise their potential for

contributing to this process. The probable reason for this was that many individuals believed that the

greatest contribution botanic gardens could make to conservation was to conduct good quality
taxonomic research, or that high profile public education was the answer. There is no doubt that
botanic gardens have been making significant contributions in both of these areas, as detailed in the

previous chapters, and there is also no doubt that both these activities are essential to conservation.

Taxonomy, for example, is a necessary pre-cursor to conservation; without the ability to name plants
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accurately they cannot begin to be properly identified or managed. Likewise an ill-informed public
will neither care for the environment nor lobby government to impose legislation on those who

destroy habitats. However, to restrict ourselves only to taxonomy or public education is to waste a

potentially very important resource. Botanic gardens' staff and resources can contribute significantly
both to conservation research and conservation practice. These skills and resources are needed

greatly and to hold them back would be to deny the conservation movement of a full armoury of
conservation weapons.

There is no doubt that the majority of botanic gardens do now appreciate the contribution they

can make. This was partly due to the lead taken by Botanic Gardens Conservation International

(BGCI) in compiling and publishing the Botanic Gardens Conservation Strategy which was

produced in response to the World Conservation Strategy (IUCN, 1980). This publication laid out in

very clear terms the types of activity that botanic gardens could usefully play. It emphasised that
botanic gardens had the staff skills and physical resources needed by the conservation movement and

that while botanic gardens could not do everything for conservation there were none-the-less many

highly worthwhile things that could be done that were not being done by other agencies. While the

straightforward conservation of plants was the ideal that most botanic gardens strove for in the mid

1980s, it is the conservation of plant biodiversity that is the goal ofmost botanic gardens today.
The importance of the live plant collections and the way in which they are used to support

conservation is investigated in the questionnaire (parts of Part 3) and the study tour interviews (parts
of Part C). These two surveys form an important foundation upon which to base the nature of botanic

garden conservation and the role of the live plant collections. As before, for ease of reading, a

summary of findings from the surveys is placed near the start of the chapter (section 6.3) while the

surveys themselves, which are rather lengthy, have been placed near the end (sections 6.6 and 6.7).

Since the first BGCI conference in Gran Canaria in 1985 conservation projects have increased

dramatically within botanic gardens and now plant conservation, or the conservation of plant

biodiversity, appears high on the agenda or policy statements of virtually every botanic garden. This

chapter aims to explain the role that botanic gardens can play in conserving plants and habitats and

in particular highlights the role of the live plant collections.

6.2. Literature review

Conservation is currently receiving a great deal of attention in botanic gardens. The subject

has been discussed increasingly since the 1970s, but from the mid 1980s the number of new books,

conference proceedings, papers and journals has been very great. The subject is so large that, for this

review, it has been split into a number of parts, which are highlighted in bold type.

Background and need for conservation. Threats to the world's biological diversity resulting
from human impacts on the environment are now well appreciated (e.g., Kaufman and Mallory,

1987; Norton, 1986; Prance andElias, 1977; Wilson, 1988). IUCN/BGCS (1989) emphasise the

point that biodiversity is fundamental to both ecological and food security, and the current loss of

plant and animal species poses one of the most serious threats humankind has ever had to face. As
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many as 60,000 plant species may be in danger of extinction or serious diminution during the next
30-40 years. WWF (1982) informs us that deforestation, the factor responsible for the greatest loss of

biodiversity, continues at a rapid pace. Conservative estimates suggest that 11.1 million hectares of
forest worldwide are eliminated outright each year and at least a further 10 million hectares are

grossly disrupted annually. Gribbin and Kelly (1989) state that global warming may represent an

even greater threat. A l^C rise in temperature will have very significant consequences on plant life,

especially in areas of the tropics where annual temperatures rarely change by more than 0.5°C.
Ashton (1989), using specific examples, explains graphically the reasons for deforestation in the

tropics and highlights the difficulties, but also the possibilities, of finding solutions. Frankel and
Soule (1981) state that botanic gardens should continue their tradition as centres for research in the

taxonomy of plants, in part at least based on the wealth of herbarium specimens which have been

accumulated and studied over the years. These and other sources of information (such as live plant

collections) would enable botanic gardens to serve as intelligence and information centres for

endeavours to locate, identify and preserve threatened plant communities or species. Hawkes (1992a)

dwells mostly on the study of the genetic diversity of crop plants, their storage in seed banks or in

natural reserves, and their evaluation and enhancement are briefly described. He points out that new

high-yielding varieties of crop plants are largely eliminating the wide range of crop genetic diversity
that has evolved during the last five to ten thousand years. The importance of this is that related wild

species are also on the decline because of the new land use policies and that these gene pools are

vitally needed in the creation of new crop varieties. He explains that wild species and land races

often furnish genes conferring resistance to diseases and pests and adaptations to environmental

stresses which cannot be found in the modern crop varieties. These wild species and land races are

therefore vital and deserve conservation.

Ledec and Goodland (1992) note that there are compelling economic, scientific, aesthetic and
ethical reasons for preserving biological diversity. All of them are grounded in the view that because

species extinctions are completely irreversible, preserving biological diversity keeps open important

options for the future. The economic justification for preserving biological diversity is that many

species of wild plants and animals are undeveloped resources- that is they have significant economic

potential that is currently undiscovered, undervalued or underutilised. Biological resources are
essential to human existence, and the preservation of biological diversity is important to the
maintenance and improvement of agriculture, forestry, ranching, fisheries, medicine, industry and

tourism. The scientific reason for species preservation is that we cannot understand the interactions

of life forms and their environments unless we can observe how they function in the absence of

significant human intervention. It is therefore necessary to conserve comprehensive samples of

ecological systems in an undisturbed state, in the wild. Moreover, each species has unique

physiological, biochemical and population characteristics, the study of which can help us to

understand basic life processes. In addition to the direct economic applications of research on poorly
known species, eventual economic payoffs are likely to emerge from more basic scientific research.

The aesthetic justification is that many wild species of plants and animals are an irreplaceable source
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of wonder, inspiration and joy to human beings because of their beauty, intriguing appearance,

variety, or fascinating appearance. Millions of people who may never actually encounter many wild

species derive enrichment and satisfaction from reading and learning about them; are our
descendants to be denied these pleasures? The ethical, or moral, justification, articulated by a

significant and growing number of people, is that humans should not exercise their power to
obliterate other species at will- even species not know to have any practical value to humankind.
From this perspective nonhuman species have their own intrinsic value independent of any practical
or utilitarian value they may have for human beings.

General conservation roles for botanic gardens. Hawkes (1992b) outlines methods of

species conservation in botanic gardens and compares these with in situ conservation in biosphere
and nature reserves. He concludes by stating that botanic gardens can easily acquire a new 21st

century image of (i) protecting the environment, (ii) research on conservation of rare and endangered

species, (iii) of storing germplasm for research or cultivation by "high-tech' storage in refrigerated
seed banks and by in vitro methods, (iv) to undertake co-operative conservation strategies with third

world countries; and, on top of all this, they are (v) in a position to make financial arrangements

with the horticultural trade and with industry to provide materials and techniques that were not even

dreamed of in the quite recent past.

In developing strategies for conserving plants botanic gardens, in association with other

bodies, would, according to Heywood (1984), play a central role in that they could participate in the

following:

i Exploration and assessment of the status of wild populations of the species concerned,

especially those growing in the general proximity of the garden. Such field knowledge is
essential for species conservation.
ii Assessment and screening of population samples to ascertain certain characteristics- in the

case of medicinal and aromatic plants, in association with phytochemists and others- so that

selected genotypes could be made available for commercial use and exploitation.
iii study of germination, cultivation and propagation characteristics.
iv Establishment of a proper record system and, if possible, computerised database linked

with national and international databases so that all kinds of information about the plants

recorded can be made available to those who need them.

v Creation and maintenance of local nature reserves containing species of conservation

interest. Reserves can, of course, be included in botanic gardens- remnants of original

vegetation are preserved in some old tropical botanic gardens, but not in many European ones

although this is an option open when creating new gardens.
vi Ex situ conservation. While this may be less satisfactory than conservation in the wild

there is much to be said in favour ofmaintaining a wide range of genotypes in botanic

gardens for the purposes of comparative study and assessment as noted above, and such

collections could also act as conservation reserve collections should circumstances arise that

made this necessary.
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vii Botanic gardens should co-operate with, for instance the International Plant Genetics
Resource Institute (IPGRI) and the European Association for Research in Plant Breeding
EUCARPIA and other agencies in setting up seedbanks to preserve a wide diversity of seed

samples which may also be used to re-stock natural associations in certain circumstances.
viii Public education- this is an area where botanic gardens, because of their 'shop window'
facilities can excel.

Heywood (1992a) also presents an overview of current efforts to preserve plant diversity, both

through in situ and ex situ conservation. Several approaches are reviewed, such as the IUCN

Biodiversity Conservation Strategy, IUCN Protected Areas Program, the Botanic Gardens
Conservation Secretariat (now with the name Botanic garden Conservation International, BGCI), the

Centres of Plant Diversity and the Rapid Assessment Program. Heywood (1992b) also gives a good

overview of conservation options and points out that attention has been focused mainly on the small

number of species that provide our basic food needs, plus plantation or industrial crops, forages,

green immures and timber trees. While there are adequate collections in genebanks for most of these

major crops, the number of accessions of wild relatives is small. Greater efforts need to be devoted to

the conservation of genetic resources of the tens of thousands of wild or semi-domesticated species
that are used in local indigenous agriculture in many parts of the world, especially in lesser

developed countries. Suggestions are made for a programme of action, including developing the role

of botanic gardens and arboreta as centres for the collection, storage and conservation of wild plant
resources.

Rae (1990) discusses current conservation work in botanic gardens such as taxonomy, ex situ

conservation, education and training then describes obstacles to progress before finally listing

possible future initiatives such as twinning, regional networking, public education and conservation

practices. McMahon and Guerrant (1991) provide practical advice for conserving genetic diversity in
botanic gardens. Issues are described under the following headings: (i) choose the entity you wish to

conserve and evaluate whether it is a realistic goal, (ii) collect adequate samples to fully represent the

germplasm you wish to conserve, without harming native populations in the process, (iii) document

the plant material thoroughly, (iv) determine and use appropriate methods to conserve genetic

diversity, (v) once you have a collection use appropriate methods to retain the genetic diversity you
have amassed.

Heywood (1990) reports that it is one of the fundamental principles of the World

Conservation Strategy (IUCN, 1980) that conservation and development should proceed hand-in-

hand and it defines conservation as "the management of human use of the biosphere so that it may

yield the greatest sustainable benefit to present generations while maintaining its potential to meet

the needs and aspirations of future generations". This is also implied in the Report of the World

Commission on Environment and Development- Our Common Future, chaired by Mrs Gro

Bruntland, Prime Minister of Norway and commonly referred to as the Bruntland Report. These are

difficult concepts to translate into practice but are fundamental to the strategies of the world's main

300



environmental agencies and in the UNEP Environmental Perspective to the Year 2000 and Beyond

involve "prudent management of available global resources and environment previously subjected to

degradation and misuse". While it would be unrealistic to expect botanic gardens to become involved

in the economics of development or in the socio-political assessments concerned, there are many

aspects where they do have a part to play, in particular:
- environmental education and extension,

- monitoring of the health of local ecosystems,
- monitoring of genetic erosion in wild species of special interest such as crop relatives,

underexploited species, etc.,
- monitoring of local nature reserves or other protected areas,

- collection of germplasm of species of economic or conservation concern,

- floristic exploration and ecogeographical surveys,
- assessment of the value of local crop species and of wild-collected plants of economic or
cultural importance.

Many of these activities will best be undertaken in cooperation with bodies such as IPGRI and

FAO and a list of specific programmes of the IPGRI where collaboration with botanic gardens is

necessary is given by Williams and Creech ,(1987). IUCN has in fact recently signed a memorandum

of agreement with IPGRI to further cooperation between the two organisations in areas such as these.

Botanic gardens will also have to consider how most effectively they can cooperate with

development agencies in providing sound environmental advice to help avoid the perpetration of
well-intentioned but ecologically disastrous development projects, and also in jointly developing

programmes beneficial to local economies where botanic gardens can provide key inputs through

specialist local knowledge, basic and applied research on the biology and cultivation requirements
etc.

These may all seem rather remote from what many would regard as the mainstream concerns

of botanic gardens today but it has to be recognised that conservation is now not just about the

preservation of rare and endangered species of plants or animals and the setting up of protected areas

which fence off parts of ecosystems for the unspecified benefit of mankind. It is also a hard-nosed

discipline which has to concern itself increasingly with politically sensitive issues that have major
social and economic dimensions. If botanic gardens are to take their place as serious actors in

contributing to the resolution of some of these vital issues, then considerable reappraisal will be
needed.

Thibodeau and Falk (1986) give a good overview, with examples, of the need for, and current
state of plant conservation in North America. The importance of plants is stressed even to the extent

of giving them monetary value; it is estimated that between one-quarter and one-third of all

prescription medicines sold in U.S. pharmacies have been derived directly from higher plants, this
makes plants an $8 billion business in the U.S every year. The paper asserts the value of ex situ

programmes and ends by explaining the foundation of the Centre for Plant Conservation (CPC).
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In one of the Council of Europe's series of publications entitled Nature and Environment,

(Wyse Jackson and Akeroyd , 1994) give an excellent overview of plant conservation in Europe

including the roles of botanic gardens. The publication which is short and concise covers:

background research on threatened plants, in situ- conservation, ex situ conservation, recovery

strategies, conservation problems and recommendations.

Background scientific research. While people in the 1970s started recognising the problem
of plant loss, few solutions were available and those that were, were often naive and lacked the

necessary background research; for instance, Walters (1972) stated that he thought it would be fair to

say that most botanic gardens continued to function on a rather vague basis, probably not even

knowing which plants they held. Any conservation role they filled was a small, subsidiary, and often

badly documented part of their general functions of education and research. He felt much could be
done starting by establishing demonstrations of living plants relevant to the problems of botanical

conservation. Autecology deserved greater inputs and so did efforts to safeguard stocks of threatened

species. His paper also called for more efficient indexing within botanic garden collections and the

need for pilot schemes to test technical problems of plant conservation. Since those days a great deal

of research work has been undertaken and published and as a result guidelines and methodologies

are slowly emerging. A small selection is listed below.
For (i), seedbanking, Arnklit (1992) gives a good overview of the issues. Blixt (1992) points

out that botanic gardens may be able to contribute to the preservation of biological diversity on the

species level but may encounter some difficulties in preserving genetic diversity on the genotypic
level. Hondelmann (1975) states that "since the establishment of natural genetic reserve areas for

cultivated plant species as well as for their wild relatives and primitive forms is a rather unrealistic

task, gene banks are given priority for preservation purposes", he then identifies nine activities or
tasks that take place in gene banks. Kjellquist and Blixt (1991) consider co-operative programmes in

regional genebanks. Roberts (1991) informs us that the safest, most economical and convenient way
of preserving the genetic resources of the majority of crop plants is by long term seed storage. He

goes on to say that the technology is well developed, but that recent research resulting from a greater

understanding of behaviour at very low water potentials is leading to further improvements. Seberg

(1992) deals mostly with the history and development of the Danish-Swedish Triticeae project, but in
so doing draws attention to the uses of seed banks for commercial gain; in this case the increasing

demands for germplasm of the wild relatives of cereals and forage grasses. Interestingly, he
continues by explaining the problems connected with the management of genebanks in botanic

gardens. Van Sloten and Reid (1992) provide a very good overview of seed banks, their role and

management. Their paper starts by outlining the overall conservation strategy for plant genetic
resources and explains the interrelationship between many of the major institutions responsible e.g.

IPGRI, Centres of the Consultative Group on International Agricultural Research (CGIAR), the
United Nations Development Programme (UNDP) and the Food and Agriculture Organisation of the
United Nations (FAO). It continues by describing genebank standards and past research and future

research needs. In examining the experience on ex situ conservation, a link is made with the possible
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future role of botanic gardens in the conservation of plant genetic resources. Johansen and Ramussen

(1992) describe the problematic position of ex situ conservation of orchids by seed. Problems

pertinent to germination in vitro and to regeneration of plants in symbiosis with a fungus are

discussed.

Krogstrup, Baldursson and Norgaard (1992) state that (ii), tissue culture technology presents
a complement to the methods usually applied in ex situ conservation and broadens the scope of ex

situ conservation. Plant species with recalcitrant seed and species that do not produce seed may be

conserved ex situ by using tissue culture technology Withers (1991).
Considerable attention has been paid recently to the (iii), genetic composition of ex situ

collections, especially if these collections are intended to be used for (iv), re-introduction

programmes. Traditionally, botanic gardens have cultivated only one or two specimens of each

species. While staff have usually appreciated that such collections have a very narrow genetic base,

few academics have been able to offer precise details on sampling strategies and the numbers that

should ideally be cultivated to give a satisfactory genetic base. Stafford (1989) opens his paper with
the statement that "a conservation collection is more than just a collection of organisms: it is a

collection of genes. And the greater the diversity of these genes, biologists theorise, the greater the
collection's value as a conservation tool. But how much genetic diversity is enough to adequately

represent a plant species or its populations?" His paper does not answer this vital question but does

give some examples from leading population biologists and geneticists. For instance, he quotes

Anthony Brown, from Australia, as saying that each case would vary but that in general he

recommended that conservation collections should include material from aminimum of 10

individuals per population and 5 populations per species. Falk and Holsinger (1991) has proved an

invaluable source of information recently, having gathered together into one book - Genetics and

Conservation ofRare Plants- all recent, pertinent information on this subject. Appendix I of their

book, which is, in effect, a practical summary of the book's contents gives the sampling and

cultivation strategy recommended by the Centre for Plant Conservation (CPC) for their programmes;
five sampling decisions are considered - which species should be collected, how many populations
should be sampled per species, how many individuals should be sampled per population, how many

propagules should be collected from each individual and in what circumstances amultiyear
collection plan is needed. Guerrant (1992) in Chapter 13, Genetic and demographic considerations in
the sampling and re-introduction of rare plants, contained within the book Conservation biology -

the theory and practice ofnature conservation, preservation and management (Fielder and Jain,

1992) discusses these same considerations as well as topics such as the re-establishment of self-

sustaining populations from collections; he ends by describing some case studies. Hagemann, Vogt
and Homberg (1991) in their paper detailing the programme for the conservation of local flora
carried out from the Botanic Garden and Botanic Museum, Berlin-Dahlem set out a number of

ground rules which have been developed partly from scientific principles and partly from experience.

They are as follows:
1 The species is to be re-introduced within its present or historical range.

303



2 Seeds or plant material are to be taken from nearby populations without causing damage to

the latter.

3 Environmental conditions of the area to be repopulated shall correspond to the

requirements of the particular species.
4 Each re-introduction is to be scientifically supervised and documented.
5 Necessary care for the newly planted area is to be assured.

Finally, Maunder (1992) in a paper giving an overview of plant re-introductions gives a good

account of why re-introductions are needed, the methodology involved and the application of new

techniques. This useful paper, which sites many examples, concludes in the Abstract: "Although

plant re-introductions have the potential to play an important role in species' conservation the long

term viability of many re-introductions has yet to be assessed. For the technique to reach its full

potential it requires greater integration with habitat management, restoration and increased
international co-ordination between both the ex situ and in situ agencies."

Background scientific research in the fields of reproductive biology, population dynamics and

genetics are important for conservation too but papers are not mentioned here as they seldom use the

live plant collections found in botanic gardens.

Other conservation topics. McGough (1991) explains how the Convention on International

Trade in Endangered Species (CITES) operates and, in particular, highlights the role of botanic

gardens. Many botanic gardens are adjacent to, or contain, areas of natural vegetation. Ambrose

(1988) states that such areas can be used to maintain biological diversity, to forestall local extinctions
of species in jeopardy and for education. He goes on to describe securing the site, management

strategies and genetic considerations. Eloff (1988) while primarily explaining the role of the
Threatened Plant Laboratory at NBG Kirstenbosch highlights the vital role that planning plays in
conservation. Forero (1989) describes the importance of co-operation between botanic gardens in the

developed temperate world and those in the developing tropical world. He suggests that such co¬

operation could make a major impact on the latter and enable them to achieve their objectives,

particularly conservation.

Policy of specific gardens or specified projects. The conservation activity of a small
selections of gardens is given followed by a few examples of specific conservation projects based at

botanic gardens. Walters (1975) explains, briefly, the conservation policy for Cambridge Botanic

Garden. A new Conservation Section was established in 1975 under a contract from the then Nature

Conservancy Council; this was responsible for holding and propagating stocks of rare British

vascular plants occurring in the East Anglian region. For annual species, co-operation with the Kew

Seed Bank was being sought. It was suggested that this pattern, which implies a national
conservation role for Kew, and a primarily regional role for Cambridge could be usefully extended

nationally and even internationally, so that gardens could each have a defined and specialised
conservation activity. Mistretta et al (1991) give a good overview of conservation options in botanic

gardens and outline briefly the options being adopted at Rancho Santa Ana Botanic Garden, namely,
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research, horticulture, seed banking and education. Jones-Roe (1986) explains the conservation

policy of the North Carolina Botanical Garden through the headings public education and

interpretation, collection policy, plant propagation program, plant rescue program, management of
natural areas, ex situ preservation and conservation leadership. The total package of activities
amounts to a considerable input into conservation and it is not surprising to learn that conservation is
the garden's main policy. Using a number of species as examples, Palmer (1986) explains the
conservation policy of Berry Botanic Garden, especially their experience with the cultivation of

endangered plants.

Rae and Gardner (1993) describe a specific conservation project run from a botanic garden,

namely the Conifer Conservation Programme managed from the Royal Botanic Garden, Edinburgh.
This is an attempt to conserve the world's rare, threatened or endangered conifers (about 320 species)

through an ex situ programme using a network of 'safe sites' (land pledged under certain conditions

by land owners). The Programme attempts to capture the widest possible genetic base, using CPC

guidelines, and once the plants are established within their 'safe sites' they then become an available
resource for research and education. The paper by Hagemann, Vogt and Homberg (1991) described

above is also a good example of a specific conservation programme based at a botanic garden, in this
case the work relates to the re-introduction of native species. Flammer (1992) describes Atlanta
Botanical Garden's role in the conservation and future re-introduction of Torreya taxifolia.

International conservation legislation, agencies and directives affecting botanic gardens.

Escalating threats to the natural environment have forced Governments and international agencies to

respond with initiatives and declarations of intent. In the last ten years a number of key directives
have been issued which it is important that botanic gardens take heed of. The major recent ones are
described below and Synge (1987) gives a good synopsis covering the 1970s and 1980s.

In 1980 IUCN, in co-operation with other international agencies prepared The World
Conservation Strategy (IUCN, 1980), which has already been mentioned briefly under Heywood

(1990). This Strategy "provides a philosophical approach and framework linking conservation with

development" and its stated aims were to achieve three main objectives:
- to maintain essential ecological processes and life- support systems,
- to preserve genetic diversity,
- to ensure the sustainable utilisation of species and ecosystems.

The issues raised within the Strategy and the declarations which emanated from it have been

widely accepted in principle by governments, development agencies and conservation organisations
and for this reason it makes a useful place from which start a description of recent international

progress.

IUCN felt that botanic gardens could and should become the specialist agencies for plant

conservation and that gardens could be much more effective if they worked together more closely as

a network with shared goals. With these points in mind IUCN started designing a number of projects

during 1982/83 with the specific aims of:
- drawing botanic gardens closer into the conservation network;
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- co-ordinating them as the ex situ network for threatened plants;
- promoting the use of botanic gardens to tell the public about plants and their conservation.

These aims were discussed in 1984 at a conference of the newly fonned IUCN/WWF Plant

Advisory Group. IUCN saw the conference as defining the details of the programme, providing
intellectual background to it, and acting as IUCN's spearhead into the botanic garden community,

ensuring that the programme represented the views of botanic garden managers and answered their

needs as far as possible.
At its General Assembly in Madrid in 1984 IUCN pledged greater support for work on plant

life and encouraged the work being carried out by IUCN/WWF on the Plants Conservation

Programme which was being prepared in response to the World Conservation Strategy. The

Programme's aim was "to assert the fundamental importance of plants in all conservation activities".

Many held the view that the world's botanic gardens were not being mobilised fully to meet the

challenge of the Plants Conservation Strategy and with this in mind Prof Heywood, IUCN Chief

Plant Scientist, was invited to prepare a Botanic Gardens Conservation Strategy.
It should be bome in mind that botanic gardens can be rather old-fashioned institutions many

of which date from a time when the earth's resources were so imperfectly understood that they were
studied almost in isolation. If botanic gardens are to have a modem role, such as in conservation,

they must undergo fundamental restructuring. The Botanic Gardens Conservation Strategy was one

document that tried to bring about such a change in attitudes and action. It was intended to stimulate

a far greater involvement by botanic gardens in implementing the World Conservation Strategy than

they had done hitherto. It provided a rationale for the involvement of botanic gardens in conservation

and gave policy guidance on how that could be achieved. The Strategy outlined the contribution that

botanic gardens could make to achieving what the World Conservation Strategy identified as the

three main objectives of living resource conservation (listed 6 paragraphs above).

In order to discuss the draft Botanic Gardens Conservation Strategy representatives of the
world's botanic gardens met in Gran Canaria in 1985. Following the deliberations of the delegates
and publication of the proceeding (Bramwell et al, 1987) which followed the meeting the Strategy
was finally published in 1989 (IUCN/BGCS, 1989).

Also from the conference came The Declaration of Gran Canaria which stated that

"Recognising that they can only succeed in achieving these objectives if they work together, botanic

gardens throughout the world are uniting to apply the World Conservation Strategy to the special

predicament of plants. Basing their efforts on this global plan for sustainable development and
conservation of living resources, they will produce, adopt and implement and Botanic Gardens

Conservation Strategy.... They as a body assert their determination to work together to defend plant
life for the benefit of all people now and in the future. They call upon Governments to provide the

necessary support and resources, in accordance with their responsibilities". The recommendations
which backed up the Declaration were published in the proceeding of the conference (Bramwell, et

al, 1987).
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A start at achieving these objectives had already been made by botanic gardens linked to

IUCN's Conservation Monitoring Centre through the Botanic Garden Conservation Co¬

ordinating Body but a much larger organisation was required to co-ordinate and stimulate botanic

garden activities. In 1987 a Botanic Gardens Conservation Secretariat (now Botanic Gardens
Conservation International, BGCI) was launched to meet these challenges.

BGCI has now become the main focus for conservation work in botanic gardens: indeed, it is

the largest botanic garden organisation and is the only international body whose primary concern is

the conservation ofwild plant resources. It now comprises over 400 member institutions in 75

countries. BGCI activities include:

- help in the establishment of networks of botanic gardens,
- establishment of regional offices,
- creation of databases on endangered species in cultivation,
- development of environmental education programmes,

- publication of newsletters, guidelines and technical information.
In addition to the activities itemised above BGCI has staged two major conferences since Gran

Canaria, 1985; the first in Reunion, 1989, the second in Rio De Janiero, 1992. These conferences

have become the major forum for discussion on conservation issues and techniques for botanic

gardens.

For some of the most important plants and animals IUCN's Species Survival Commission
has established more than 100 Specialist Groups that are working to asses the status and priorities
of these taxa. Drawing on a worldwide network of specialists who are working on the taxa involved,

SSC's Specialist Groups cover species groups including plants such as conifers, cycads and palms.
These Action Plans fully involve experts in the countries where the species live and are supported by
a wide range of organisations.

Other Action Plans exist to cover specific regions or habitat types. The Tropical Forests
Action Plan (TFAC) is, perhaps, one of the best known. It was prepared through the combined

efforts of governments, forestry agencies, UN agencies and non-government organisations. The
TFAP was conceived as a framework and an instrument for stimulating commitment and action

within forestry and other sectors to address forest resource management challenges in developing

countries. Over 50 countries across Africa, Asia and Latin America are involved in developing and

implementing national forest strategies. TFAC was launched in 1985.

The most recent significant event has been the Earth Summit in Rio de Janiero, held in 1992

(correctly called the United Nations Conference on Environment and Development). Amongst the

many initiatives launched or ratified, three projects are of significance here, Agenda 21, the Darwin

Initiative and the National Action Plans for Biodiversity.

Agenda 21- a programme of action for sustainable development worldwide, the Rio

Declaration on Environment and Development, and the statement of principles for the sustainable

management of forests were adopted by more than 178 Governments at the Earth Summit. Together

they fulfil the mandate given to the Conference by the United Nations General Assembly when, in
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1989, it called for a global meeting to devise integrated strategies that would halt and reverse the

negative impact of human behaviour on the physical environment and promote environmentally
sustainable economic development in all countries.

The agreements, which were negotiated over two and a half years leading up to the Summit

and finalised in Rio, are presented in the publication Earth Summit; Agenda 21- the United Nations

Programme ofAction from Rio (UNCED, 1992). This publication gives cletir guidance on the actions

required by Governments, funding authorities, planners, scientists and many others. The vital role of

scientists (and therefore of botanic gardens) is mention^requently and a vast catalogue of necessary
work is highlighted. It makes clear that Governments should support agencies carrying out this

work; what clearer justification can there be for botanic gardens to be more fully involved in
conservation work?

116 countries signed up to the National Action Plans for Biodiversity; in effect these

signatures acted as "signs of good intent" and each government had then to go back and prepare

plans to lay before their own parliaments. Only once they had been passed could they be ratified as

national policy.

The Global Biodiversity Strategy published in 1992 jointly by the World Resources Institute

(WRI), IUCN and the United Nations Environment Programme (UNEP) was intended to be a

complementary initiative to the Earth Summit (above). The Strategy is built around 85 specific

proposals for action and spells out what should be done in sufficient detail for governments and non¬

governmental organisations to take up these proposals and develop them further.
The Habitats Directive (correctly titled "The EC Directive on the Conservation of wild

Fauna and Flora) was published as a "Consultation Paper" on 4 October 1993. The overall objective
of the Habitats Directive is to contribute to ensuring biodiversity through the conservation of natural

habitats and of wild fauna and flora throughout the European Union. While not of direct relevance to

botanic gardens as its main focus is on in situ conservation it is the sort of legislation that botanic

gardens should be aware of if they wish to increase their involvement in in situ work.

6.3. Summary of questionnaire and interview results

The following is a brief factual summary of the results from the 'conservation parts' of Part 3
of the questionnaire and Part C of the interviews. Full numerical results of the questionnaire can be

found in Appendix V and VII and tables, graphs, analysis and discussions of the questionnaire and

interviews are presented in full in sections 6.6 and 6.7 respectively.
From the questionnaire:

1 It is worth remembering that Q4 of the questionnaire put conservation second highest in
botanic garden policies, just behind education. 19.8% of botanic gardens included conservation

within their top three most important policies.

2 Almost half of the botanic gardens gave 'great emphasis' to native endangered plants.
Almost three quarters gave a combined 'great' and 'moderate emphasis'. Africa, Australasia and S

America were above average in this respect while European and N American botanic gardens
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showed least interest. At the country level it was interesting to note that for 'great emphasis'
Australia scored 65.7%, China 77.4% and the UK only 18.2%.

3 Almost 40% of botanic gardens gave 'little emphasis' to exotic endangered plants. Almost

50% gave a combined 'great' and 'moderate emphasis'. Africa, Asia and Australasia were above

average in this respect while N America and S America were below average. At the country level it
was interesting to note that for 'great emphasis' S Africa scored 0.0%, Mexico 33.3%, Australia
25.7% and France 30.8%

4 A quarter of botanic gardens gave 'great emphasis' to the genetic diversity of their
collections. 58% gave a combined 'great' and 'moderate emphasis'. Africa and S America scored

above average in this respect while N America and Europe were below average.

5 Almost half of the botanic gardens claimed that they put 'great emphasis' on cultivating
wild origin plants. Almost 80% gave a combined 'great' and 'moderate emphasis'. European botanic

gardens scored most highly in this question, but African, S American and Australasian gardens were

also above average. N American, S American and Asian botanic gardens were below average. When

compared to funding agency it showed that more government and university funded gardens put

great emphasis on cultivating wild origin plants than gardens funded by other agencies (58.4% and

53.5% respectively).
6 Almost 50% of botanic gardens have a stated policy on the cultivation of rare, threatened or

endangered plants. African gardens scored highest in this question but Asian and Australasian

gardens were also above average. N American gardens scored lowest. Government funded botanic

gardens were almost 10% ahead of any other type of garden in this respect (61.5% of government
funded gardens had a policy). Gardens whose main policies included taxonomic research and

conservation also scored more highly in this respect than gardens whose main policies included other

activities (55.6% and 59.4% respectively).
7 Almost 90% of botanic gardens cultivate rare, threatened or endangered plants; N

American and S American botanic gardens were a little above average in this respect and gardens

from all other continents scored close to average.

8 Of those botanic gardens that did cultivate rare, threatened or endangered plants 47% said

that they were for eventual re-introduction, 64% said they were providing protective custody, 52%

grew them for research, 68% for public education and 6% for other reasons.
9 For the categories listed in 8, above, Australasia was by far the highest for re-introduction

followed by Africa, with N America lowest. Australasia was again highest for protective custody with

Europe lowest. Africa was highest for research while N America and Europe were below average;

Australasia was again by far the highest for public education, with Asia and Africa below average.

Australasia was again above average for 'other reasons'.

10 36% of botanic gardens contributed seed from expeditions to seed banks. Australasia and

Africa scored higher than other continents, which otherwise scored very similarly.
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11 More than half of the world's botanic gardens distributed surplus plants from expeditions

to other botanic gardens. Asia and Australasia scored above average and N America and S America

were below average.

12 63% of botanic gardens propagate and-disseminate material from rare, threatened or

endangered plants they held. Europe and Australasia were above average and N America and Africa
were below average.

13 A third of botanic gardens had grown plants specifically for reintraduction programmes. S

American, African and Australasian gardens were considerably above average, while N American

and European gardens were below average.

14 A quarter of botanic gardens undertook other plant-based conservation activities, S

America was highest while N America and Europe were below average.

From the interviews:

15 In total, conservation education (in other words explaining the reasons for habitat and

species loss and describing ways in which it could be halted) was considered the best way in which

botanic gardens could support conservation. Nineteen of the 22 gardens visited in the USA (86.4%)

mentioned conservation education putting it clearly in the lead; in Europe and India it was given
second place (4 gardens out of the 10 visited in Europe (40%) and 5 out of the 9 visited in India/Sri
Lanka (55.6%)). Overall, therefore, 28 gardens, representing 69.3% of those visited considered

conservation education the best way in which botanic gardens could contribute to conservation.

16 In Europe ex situ conservation was considered the best way in which botanic gardens

could support conservation with 6 gardens (60%) quoting this. In the USA ex situ conservation was

put in third place (mentioned 12 times, representing 54.5%); in India/Sri Lanka it was also highest

with 8 mentions (88.9%). In total 26 gardens put ex situ conservation in fust place giving 63.4%.
17 Conservation research was mentioned 14 times (63.6%) in the USA as the best way in

which botanic gardens could support conservation, putting this aspect in second place behind

conservation education. However, in Europe and India/Sri Lanka it was not mentioned very

frequently at all.

18 Seed banking was also mentioned frequently in the USA (11 times, 50%) and again very

infrequently in Europe and India.
19 Collaboration with other institutions scored equally with seed banking in the USA (11

times, 50%) but again was hardly mentioned on the other study tours.

20 Education and the ex situ maintenance of collections were again the most highly

mentioned points in the second interview question which asked about the role the garden side of

botanic gardens could play in conservation.
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6.4. Types of botanic garden conservation
1. Education is possibly the most important contribution that botanic gardens can make to

conservation. Indeed in the study tour interviews 69.3% said that they thought this was the best way
in which botanic gardens could contribute to conservation. It has already been said in this thesis that

well over 100 million people visit botanic gardens annually throughout the world and therefore the

potential for influencing attitudes is enormous. On top of this there are also all the specialist

children, student and adult courses already described in the previous chapter. Botanic gardens can

therefore influence both the general visitor and the specialist. Some may argue that visitors may

never become truly informed through the conventional image of a botanic garden and this might
indeed still be the case in many gardens. However, education and presentation techniques are

improving and it could be argued that even in those gardens were the atmosphere was still very
traditional that even the 'lowest level appreciation of plants' that might be absorbed during a botanic

garden visit would render the visitor more amenable to 'environmental messages' subsequently

conveyed by other media, for instance the television.

Fig. 6.2. Conservation education is one of the most important contributions botanic gardens can make to
the conservation of plants and habitats. Here at Dawyck visitors learn about conifer conservation

An informed public will not only slowly change environmental attitudes within society but

can also exert pressure on governments. Young people who have been inspired by a special education

programme may well go on to become tomorrow's environmentalists while advanced students using
the resources of botanic gardens for their research are already contributing to environmental

knowledge. While many education programmes within botanic gardens are not directly concerned
with conservation or the environment it is generally agreed that any biological education has a

conservation 'spin-off

Chapter 5 has already demonstrated the importance of education in botanic gardens and it is

very evident when looking at lectures programmes, interpretation, visit schedules or exhibitions that
conservation is a topic which features highly in botanic garden education. It is worth remembering
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too, that education (and therefore conservation education) featured highest in Q4 of the questionnaire
which asked about botanic garden policies.

In virtually all the gardens visited, especially in the USA, staff considered public education to

be one of the greatest ways in which they could contribute to plant conservation. To maintain a

garden where people could come, see and learn about all aspects of plants, including their

importance to our continued existence on earth, was regarded as vitally important. Botanic garden

education staff frequently said how much the public enjoyed seeing living examples of rare,
threatened or endangered plants. While much of the actual research on such plants was done in
secure surroundings away from public areas of the garden it was none-the-less interesting to see so

many rare plants displayed in gardens, (see Figs. 6.3 & 6.4). Often special features were made of

these plants with interpretive panels explaining how they had become rare and the strategy the

garden was adopting to conserve the species. Additionally, many of the courses offered at the gardens

were orientated around the conservation of the rare plants they cultivated.
Since the whole of Chapter 5 has already been devoted to education, no more is said about the

subject here.

2. Taxonomic research. In the enthusiastic rush to list lots of contemporary conservation

techniques that should be adopted by botanic gardens the worth of taxonomic research should not be

forgotten. Without continued taxonomic research both on seemingly well documented floras and

those of less well studied countries effective conservation work would slowly come to a halt. Some, of

course, would argue that the names of plants did not matter and that everything should be conserved,

but professionals have to be more critical and must know the identity of what they are dealing with.
In addition, it must not be forgotten that taxonomists produce not only academic tomes, but also field

keys and regional check lists as well as providing first hand field knowledge of distributions, local

problems, such as overgrazing, are able to recommend areas in need of conservation and are able to

put names on plants for conservationists (see Figs. 6.5 & 6.6).
Some would argue that botanic gardens should not diversify their activity into conservation-

that the best contribution they can make to conservation is in taxonomic research. Few others are

able to do this specialist work and it is vitally important. Taxonomists need special resources, namely

herbaria, live plant collections and libraries, and therefore botanic gardens are uniquely able to

support their work. It therefore makes sense not to 'dilute' their efforts into other areas such as

conservation.

While this argument carries much in its favour, and while botanic gardens are indeed the

primary sources of taxonomic expertise, to deny the full abilities of botanic garden staff from
conservation needs would be a tragic waste of resource. Taxonomic research should not be scaled

down, but neither should it be allowed to become isolated from the practical needs ofmankind. Far
from posing threats to taxonomic research in botanic gardens, conservation has provided a means

where the benefits of taxonomy are really tangible and relevant. Taxonomic staff are ideally placed
as data providers for those engaged in conservation. However, in addition to this important academic
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approach it is important not to become isolated from practical conservation and so it is relevant for
botanic gardens to do a certain amount of 'hands-on' conservation work, such as in situ and ex situ

conservation,

Fig, 6.3. Welwitschia mirabilis> from the coast
of Namibia

Fig. 6.4. Pseudolarix amabilis, from China

Fig. 6.6. Flora ofBhutan; authoritative
text, yet 'user-friendly' for non-specialists.

Fig. 6.5. Species Distributions

A r Q-. ,

B 61/1

CLAUCIUM
FLAVUM ♦
Craiil'

Yellow

Horned-poppy f

• 1930 onwards
o Before 1930
x Casual only

313



Taxonomic research has been fully discussed in Chapter 4 and is not described further here.

Introduction to (3) in situ, and (4) ex situ conservation.

In situ conservation refers to the conservation of plants within their natural habitat (Fig. 6.7)
while ex situ conservation refers to the conservation of plants outwith their natural habitat, for

instance, within botanic gardens (Fig. 6.8). These approaches to plant conservation are placed at

opposite ends of a spectrum with no absolute distinction between them. While in the past they were

considered to be completely different, modem thinking views them not as alternatives, rather as

complementary approaches. The term 'integrated strategy', which is described in more detail in part

ix below, has been coined when both in situ, ex situ and other approaches are used together.

In situ conservation, through protected areas and wildland management is the least costly,

most satisfactory, and in many cases the only, means available for maintaining biological diversity.
For these reasons it is usually considered to be the most desirable approach. However, for certain

groups of plants and in certain circumstances, off-site (ex situ) conservation techniques can provide a

very important supplement to the in situ approach. As an example, ex situ conservation is
fundamental for conserving, for future breeding, the wild relatives of crop plants as well as

traditional crop varieties that are being displaced by high-yielding varieties. Additionally, when

individual species, or populations of a species, are highly threatened, or when in situ management is

clearly failing, then ex situ conservation has a role to play. It is argued, though, that ex situ

techniques, such as collections within botanic gardens and seed and pollen banks, have limitations

and do not meet all biological conservation needs, for example:
i some species are technically difficult or costly to maintain ex situ,
ii important rare genotypes are often absent from ex situ collections,
iii collections can be destroyed by mechanical breakdowns or accidents,
iv coevolution of a species with other organisms, such as pollinators and potential pests and

diseases, cannot continue ex situ,

v certain characteristics may be more difficult to study ex situ,

vi pollinators, propagule distributors (for example, birds that eat fruit and excrete the seeds),
and other species-specific necessities may be difficult or impossible to include in ex situ

collections.

vii the fear that widespread use might encourage authorities to consider it a substitute for in

situ and thereby put remaining natural areas of vegetation at risk,
viii that dealing with individual species rather than all the associated and interrelated species
within a habitat is only 'tinkering' with the problem.

For these reasons the two approaches separate from each other cannot be regarded as the

single, best option and the most satisfactory way to proceed usually involves a co-operation between
the two. Parts ii and iii, below describe each in more detail.

Figure 6.9 summarises the available options within in situ and ex situ approaches.
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Fig. 6.7. In situ conservation: the
conservation of species within their natural
habitat (Nature reserve adjacent to
Gothenberg Botanic garden)

Fig. 6.8. Ex situ conservation: the
conservation of species outwith their
natural habitat. Sarracenia spp. at Atlanta
being grown for re-introduction

MOST EFFECTIVE

LEAST EFFECTIVE

Fig. 6.9. Options for preserving genetic diversity. Ledec and Goodland, 1992
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3. In situ conservation. While some might believe that in situ conservation is outwith the scope of
botanic gardens many others believe that botanic gardens have an important part to play. This role

may not involve owning or directly managing protected areas (although in Q4 of the questionnaire
2.6% of botanic gardens listed management of a natural park within their top three most important

policies) but rather aspects such as site selection, monitoring and inventory, scientific management,

research and biodiversity surveys, to mention but a few. Even though this approach can therefore

rightfully be regarded as a concern for botanic gardens the implications for the live plant collections
are not very great and so the explanation of in situ conservation given below is not very detailed.

Article 8 of the Biodiversity Convention (UNCED, 1992), which is reproduced in Case Study 6.1,
lists 13 aspects that Contracting Parties agree to do in terms of in situ conservation, and thereby

gives a very good overview of what in situ conservation involves.

CASE STUDY 6.1. ARTICLE 8 OF THE BIODIVERSITY CONVENTION: IN SITU
CONSERVATION

Each Contracting Party shall, as far as possible and as appropriate:
a) establish a system of protected areas or areas where special measures need to taken to conserve
biological diversity;
b) develop where necessary, guidelines for the selection, establishment and management of protected
areas or areas where special measures need to be taken to conserve biological diversity;
c) regulate or manage biological resources important for the conservation of biological diversity
whether within or outside protected areas, with a view to ensuring their conservation and sustainable
use;

d) promote the protection of ecosystems, natural habitats and the maintenance of viable populations
of species in natural surroundings;
e) promote environmentally sound and sustainable development in areas adjacent of protected areas
with a view of furthering protection of these areas;
f) rehabilitate and restore degraded ecosystems and promote the recovery of threatened species, inter
alia, through the development and implementation of plans or other management strategies;
g) establish or maintain means to regulate, manage or control the risks associated with the use and
release of living modified organisms resulting from biotechnology which are likely to have adverse
environmental impacts that could affect the conservation and sustainable use of biological diversity,
taking also into account the risks to human health;
h) prevent the introduction of, control or eradicate those alien species which threaten ecosystems,
habitats or species;
i) endeavour to provide the conditions needed for compatibility between present uses and the
conservation of biological diversity and the sustainable use of its components;
j) subject to its national legislation, respect, preserve and maintain knowledge, innovations and
practices of indigenous and local communities embodying tradition lifestyles relevant for the
conservation and sustainable use of biological diversity and promote their wider application with the
approval and involvement of the holders of such knowledge, innovations and practices and
encourage the equitable sharing of the benefits arising from the utilisation of such knowledge,
innovations and practices;
k) develop or maintain necessary legislation and/or other regulatory provisions for the protection of
threatened species and populations;
1) where a significant adverse effect on biological diversity has been determined pursuant to Article
7, regulate or manage the relevant processes and categories of activities; and
m) co-operate in providing financial and other support for in situ conservation outlined in
subparagraphs (a) to (1) above, particularly to developing countries.
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Fig. 6.10. The in situ conservation of a 'Pine Ridge' ecosystem; staff at Bok Tower Garden can provide
the necessary scientific management to conserve this type of habitat.

Roche and Dourojeanni (1992) explain that concern for the conservation of genetic resources
in general, and of forest genetic resources in particular, has been building up steadily over the past

twenty years. The establishment of the United Nations Environment Programme (UNEP) stimulated

action on conservation and gave rise first to a report on the methodology of conservation of forest

genetic resources (FAO, 1975), and then to field projects in a number of African and Asian

countries. The latter produced positive results in seed collection for conservation purposes and also in

the establishment of a number of ex situ conservation stands. It proved much more difficult to

identify and carry out field projects for in situ conservation, but the project assisted in setting up the
Malvwe Botanical Reserves in Zambia for the in situ conservation of genetic resources of Balikiaea

plurijuga. The comparative lack of success in generating field activities for in situ conservation led to

the FAO/UNEP Expert Consultation on in situ Conservation of Forest Genetic Resources, which
advised on guidelines for the selection and management of in situ genetic conservation areas and

identified a number of needs for international action (FAO, 1981). Among them was the preparation
of a guide on in situ conservation of forest genetic resources, with special reference to the integration

of the management of genetic resources with forest and land resources (Roche and Dourojeanni,

1984)

Roche and Dourojeanni (1992) argue that now and in the immediate future, as in the past,

areas will be set aside with the objective of conserving the habitats of particular plants which are

considered to be endangered. The impetus for such action will often arise from national and
international publicity and pressure for conservation, and the size and shape of the area set aside will
often be determined pragmatically on the basis of local constraints and opportunities, social and legal

considerations, and very general ecological data, rather than on the results of scientific investigation
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of the problem. In the absence of more detailed scientific criteria such an approach is inevitable. In
recent years, however, with the development of conservation biology as an applied science, there is
an increasing awareness of the need for a firmer base for national conservation action, particularly in

regard to in situ conservation.
The research carried out in the 1960s on island biogeography has shown that there is a close

and predictable relationship between the size of a conserved habitat and the number of species

present in the habitat. Species composition may change but not the total number, which is in an

equilibrium established by immigration and extinction rates. Immigration rates are inversely related
to isolation from a potential source of colonisation, while extinction rates are inversely related to

population size and proportion to isolation. Thus, on this basis, large reserves are better than small.
If the reserved area is reduced in size, the number of species present will come to a new equilibrium

at a lower level characteristic of the size and position of the site (see e.g. Terborgh, 1975; Wilcox,

1980; Lovejoy et al, 1983). The theory (which was originally based on studies of birds) has been

extended to all species and to mainland reserves which are surrounded by large areas of land

massively changed by man's activities, e.g. agriculture and urban development, and which can

therefore be expected to have the same species-area relationships as islands.
Roche and Dourojeanni go on to extract and highlight those elements of the theory which

provide additional criteria in guiding research, in planning in situ conservation programmes of forest

genetic resources, and in the management of these resources in protected areas. They do this under
the following headings; (i) species-area relationships, (ii) minimum population size, (iii) minimum
area requirements and (iv) ecosystem dynamics. These and other research aspects of in situ
conservation are very much within the remit of botanic garden activities.

Protected area designations, which are the form within which most in situ conservation takes

place, vary from country to country and each will have its own series of tides and their own hierarchy
of status applied to such sites. The situation within the British Isles is explained in Case study 6.2.

CASE STUDY 6.2. PROTECTED AREAS WITHIN THE UK.

Since the Nature Conservancy was established in 1949 as a government sponsored nature
conservation organisation in the UK, the main thrust of policies and programmes has been to protect
an adequate amount of good quality habitat to ensure core areas for the survival of healthy
populations of the native plants and animals and the conservation of geological features. The view
was that if the habitat was protected the species would look after themselves. In recent years it has
been recognised that additional measures are required to ensure that as wide a range of species as
possible survive throughout their natural range. In this connection the fragmentation and subsequent
gradual reduction in size of certain habitats, such as heathland, is amajor concern.

i Sites of Special Scientific Interest. The basic importance of the protected area system remains
and will continue. The key designation used in Britain is Site of Special Interest (SSSI) and Area of
Special Scientific Interest (ASSI) in Northern Ireland. Guidelines for selection of biological sites
have been developed over the years and have been formally published by the Nature Conservancy
Council in 1989 under the title Guidelines for selection ofbiological SSSIs. The guidelines aim to
safeguard best examples of habitat types and sites with notable species or groups of species. The
country is divided into areas of search generally corresponding to counties. The following attributes
are use in selection:

Case study 6.2 continued overleaf
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a) Naturalness- associated with lack of human modification
b) Diversity- measure of the range and richness of species present
c) Typicalness- how will the site typifies the main characteristics of the habitat type
d) Size- associated with the ability of the site to sustain a viable population of the characteristic
species
e) Rarity- measure of the scarcity of species or the habitat type

The extent to which the site meets the need to conserve nationally rare species containing unusually
large numbers of nationally scarce species or containing a large proportion of the countrywide
population are also taken into consideration

In the case of geological sites the aim is to identify and conserve the minimum number of nationally
important sites needed to demonstrate current understanding of the diversity and range of geological
features.

By the end of November 1993 the following area and number of SSSIs or ASSIs had been designated

Country Number
England 3,759
Scotland 1,364
Wales 876
Northern Ireland 46
TOTAL 6,045

Area (ha)
885,742
845,609
205,714
48,083
1.985,148

% of territory
6.8%
10.7%
9.9%
3.4%

ii National Nature Reserves (NNR) are areas of national and sometime international importance
which are owned or leased by the appropriate statutory conservation body, or bodies approved by
them, or are managed in accordance with Nature Reserve Agreements with landowners and
occupiers. NNR's serve a variety of purposes, notably the conservation of the special interest of sites,
the provision of sites for research and study, the provision of advice on and the demonstration of
conservation management, the furtherance of education, and providing facilities for amenity use and
access for the quiet enjoyment of nature. NNR's are also classified as SSSI's and attract similar
protection.

At the end of March 1993 there were the following number of NNRs:

Country
England
Scotland
Wales
Northern Ireland
TOTAL

Number
140
70
49
45
304

Area (ha)
57,335
114,486
13,397
4,322
189,540

% of territory
0.44%
1.45%
0.64%
0.31
0.77%

iii A major review of the best examples of various habitat types in the UK was published in 1977.
The SSSIs identified in this work are referred to as Nature Conservation Review Sites (NCR).
Although this designation has no statutory base it can be taken into account when development
proposals are being considered.

iv EC Habitats Directive- Natura 2000: Special Areas of Conservation (SACs). The Habitats and
Species Directive sets out requirements for the creation of Special Areas of Conservation. These
SACs will, with Special Protection Areas (SPAs) classified under the Birds Directive, form a
European Community series of sites known as Natura 2000. This coherent European ecological
network is designed to maintain habitats and species of community interest at favourable
conservation status, a status defined in terms of the natural range being stable or increasing and of
the existence of structures and functions necessary for the long term maintenance of that status.

Table 6.2 continued overleaf
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v Local Nature reserves (LNR). These are designated by local authorities under National Parks and
Access to the Countryside Act 1949. The LNR designation is made in consultation with the
conservation agencies who provide advice on the suitability of the site. Many LNRs are close to
centres of population and provide visitor facilities and nature trails. Most LNRs are owned by local
authorities, but some are managed on their behalf by other bodies such as local wildlife trusts. At the
end ofMarch 1993 there were 12 LNRs in Scotland totalling 3,165ha, 19 in Wales totalling 3,423ha,
3 in Northern Ireland totalling 51ha and 337 in England with an area of 13,977ha.

vi National Parks. The UK National Park system has been created on the basis of sites in England
and Wales only. Whereas there is legislative provision for national Parks in Northern Ireland, this
does not exist in Scotland. None of the UK National Parks meet the IUCN definition of a national

park but they all meet the definition of 'protected landscape'.

vii National Scenic Area (NSA). In 1980 special development control measures were introduced by
the Scottish Development Department for 40 designated National Scenic Areas. NSAs are chosen as
the best examples of Scotland's landscape and part of the natural heritage of Scotland.

Implementing protected areas legislation. The conservation of protected areas is provided in two
main ways. In the first place there is legislative protection. In the main this derives from theWildlife
and Countryside Act 1981 and the Nature Conservation and Amenity Lands (Northern Ireland)
Order 1985. Under these provisions operations likely to damage the nature conservation interest of
SSSIs are subject to control. The Town and Country planning Acts are also very important and come
into play where there are cases which involve development proposals or uses which can be regulated
by the planning system to be determined.

The second source of protection is from the arrangements for positive management on the site.
Whilst the Wildlife and Countryside Act and Northern Ireland Order make provision for identifying
activities which might damage the interest of an area and for the negotiation of arrangements for the
management of the site, they do not require the preparation of a management plan.

Action Planned for Protected Sites. The British Government and the conservation agencies plan to:
* ensure that summary management plans are prepared and where possible implemented for each

biological SSSI by the year 2004;
* continue to designate additional protected areas to deal with acknowledged gaps in the existing

coverage;
* complete the designation of all identified Special Protection Areas and Ramsar Sites. Comply
with the timetable for the designation of Special Areas of Conservation set down in the Habitats
Directive by the year 2004;
* create mechanisms for the effective protection and management of key wildlife areas in the

marine environment.

Question 4 of the questionnaire showed that 2.6% of botanic gardens include the

management of a natural park of one kind or another within their top three most important policies.
For some such as Kew's satellite garden, Wakehurst Place, the natural vegetation forms only a part of
the whole garden (although in this case it is a very important site and has been designated as a

SSSI). However, in other cases virtually the whole site is natural vegetation such as at Stony Range
Flora Reserve, Dee Why in Australia which is a 3ha reserve being developed especially for the
conservation of the Proteaceae of the Sydney region. No other parts of the questionnaire were

specifically concerned with in situ conservation.

In the study tour interviews in situ conservation was mentioned very infrequently although
advice to protected areas managers and collaboration with local conservation groups and other
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institutions (all of which could have ultimately served in situ conservation) were mentioned a little

more frequently.
Of the gardens visited during the study tours only New York Botanical Garden and Burdwan

University Botanic Garden had protected areas within their boundaries where in situ conservation

could take place. The former is a remarkable remnant of native deciduous woodland as it exists
within the city of New York. Its great accessibility ensures its use for field studies by generations of

ecology students. Not much active in situ work takes place save its protected status. At Burdwan too,

little active conservation takes place except for the designation of the protected status. Perhaps the

greatest contribution botanic gardens make to in situ conservation is through technical advice and the

production of 'user-friendly' taxonomic research, and, as has been described before, the importance of
the live plants collections to these is rather more tangential than direct. In this capacity many of the

gardens visited were making contributions, especially in Europe and the USA.

Footnote6-1 lists a small selection of botanic gardens which have natural vegetation within
their boundaries and could therefore be said to be taking part directly in in situ conservation.
Footnote6,2 lists a small sample of botanic gardens which have contributed research or other

activities to in situ conservation sites.

4. Ex situ conservation means the conservation of plants (or animals) away from their

natural habitat, for instance, within a botanic garden (or zoo). Ex situ conservation also includes

techniques of germplasm conservation such as seed banks but in this account attention is focused

only on whole live plants; seed banks and other methods of ex situ germplasm conservation are

described in part 7, below. While the in situ approaches described above may be satisfactory in many

cases there may be situations where they are insufficient to maintain genetic stocks of some species,
either because:

- of their natural rarity,
- they are directly at risk as a result of human activities or exploitation, or because
- they or their natural habitats are in some way threatened.

In these cases conservation of species away from their natural habitats, ex situ conservation,

can play an important role in supporting species through crisis periods. Ex situ populations can

provide valuable resources for research into basic aspects of species biology which may be critical in

devising appropriate and effective in situ programmes. For successful conservation the establishment
of ex situ populations should precede any crisis period and should be implemented when wild

populations are still quite numerous.

In general ex situ methods are used:
- to complement in situ conservation, for example when populations are severely threatened
and reduced in numbers;

61
Mount Lofty Botanic Garden (lOha) and The Flecker Botanic Garden, Cairns (310ha), both in Australia; Jardin Botanique

National de Belgique, Meise (lha), University of Guelph Arboretum, Canada (70ha) and Dunedin Botanic Garden, New Zealand
(8ha): (the size of the natural area appears in brackets).
6,2

RBGE (Socotra,Belize and Brazil), RBG Kew (Easter Island & St Helena), Jardin Botanico "Viera y Clavijo", Gran Canaria
(Canary Islands), Jardin Botanico de Cordoba, Spain (Andalusia) and Kobenhavns (Copenhagen) Universitets Botaniske Have
(Equador).
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- to provide material for industry, education and research;
- to provide reservoir populations or stocks which can be used to support the survival of

species in the wild, particularly by reintroduction and restocking, to support habitat
restoration and rehabilitation, or for screening programmes;

- to maintain existing genetic stocks and develop new crop cultivars and domesticated strains

through breeding programmes;

- as an insurance policy through holding stocks in long-term storage (germplasm banks), for
future needs; (this item is dealt with separately in part vi of this section);
- for use in general, and in environmental education;

Figs. 6.11-6.14 illustrate four examples of ex situ conservation of plant species in botanic

gardens. Figs. 6.11 and 6.14 show plants held under the Centre for Plant Conservation programme

in the USA (see case Study 6.4); Fig. 6.12 shows conifers growing at RBGE which are due to be

moved to 'safe sites' as part of the Conifer Conservation Programme (see case study 6.3); and Fig.
6.13 shows endangered species of the Berlin area which are grown ex situ first, as part of a re-
introduction project (see Case Study 6.10).

Techniques for ex situ conservation include: collection, translocation, storage, propagation,
characterisation and evaluation, management at individual and population level, introduction to wild

habitats or reintroduction to historical ranges, and support for wild populations. Many of these

techniques are familiar to those in botanic gardens and it is for this reason that botanic gardens have
a particularly important part to play in this type of conservation. The unique combination of staff,
mentioned in other parts of this thesis, is crucial in this respect also. Competent horticultural staff
are needed to cultivate material but scientific staff are needed also, to scrutinise the fidelity of the

work; both need the core resources of botanic gardens in which to operate. It is for these reasons that

botanic gardens are increasingly becoming the key players in ex situ plant conservation.
Three case studies are presented to illustrate ex situ activity within botanic gardens and also to

try and demonstrate that botanic gardens and their live plant collections (and horticultural staff) are

particularly suited to this type of operation. Case Study 6.3 describes the Conifer Conservation

Programme at RBG Edinburgh, Case Study 6.4 describes in general the Centre for Plant

Conservation (CPC), including its ex situ programme (this case study is of use to other parts of
section 6.4 and will be referred to again), and Case Study 6.5 describes the ex situ cultivation of the

highly threatened palm Pritchrdia munroi.
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Fig. 6.11. Succulents at DBG, Phoenix Fig. 6.12. Conifers at RBG, Edinburgh

Fig. 6.13. Endangered plants of Berlin at Fig. 6.14. Endangered plants of Florida at
Berlin-Dahlem, being bulked-up prior to Bok Tower Garden
reintroduction
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CASE STUDY 6.3. THE CONIFER CONSERVATION PROGRAMME (CCP): RBGE

Introduction, Many of the world's 662 conifer species come from temperate rainforest, which has
always been very limited in its extent and distribution, especially compared with tropical rainforest.
The largest regions of virgin temperate rainforest that remain, lie within the southern hemisphere
and include areas of New Caledonia, New Zealand, Tasmania, Chile and Argentina. In these
countries conifers are often confined to the mountains, where they form the dominant component of
the vegetation. Today, because of heavy investment by international logging companies, many of
these species and the forests where they grow are facing unprecedented destruction. Huge swathes of
forest are being clear-felled and chipped for the pulp industry before being replaced mostly with
plantations of exotic species such as eucalyptus or Pinus radiata. Overgrazing (especially by goats),
forest fires, volcanic activity, open cast mining, flooding, drought caused as a direct result in changes
to the water table induced by man, and out-pollination with exotic commercial species, all contribute
in their own way to the demise of conifer species in the wild.

The Programme. RBGE has had a long interest in the systematics and evolution of gymnospenns and
as a result much taxonomic work has been accomplished. The Garden now contains more than 2000
accessions of conifer, representing about 469 different species. This figure represents 705 of all
known conifer species and includes 455 of those which are considered to be threatened in the wild.
As a direct result of the taxonomic research and the field work involved Dr Page (the taxonomist
involved) realised the serious plight ofmany conifer species. The problem of species and habitat loss
was perceived to be serious and a programme of ex situ conservation was begun as an insurance
against further losses during the search for satisfactory means of in situ conservation. However, the
research collections of RBGE were inadequate in themselves for ex situ conservation, because of the
small numbers of provenances represented for most species. To address this problem and raise public
awareness of conifers and their importance, the Conifer Conservation Programme was launched in
April 1991 and funded for a three year period by two grants from the Sainsbury Family Charitable
trusts. The Programme has since received a further three year grant from the Pilkington Trust.

The main aims of the Programme so far have been to set up a network of 'safe sites', initially
throughout the British Isles, but, later, overseas too, to accommodate breeding populations of
threatened conifers. Each species is intended to be represented by mixed populations, as genetically
diverse as possible, using seed collected from all parts of the remaining geographic range, thus
creating a 'living gene bank' for the species. In the future these breeding populations will be available
to replenish genetically depleted wild populations. The British Isles, with their diverse climates and
soil types and unique history of growing conifers from across the temperate world are ideally placed
to accommodate conservation collections ofmany coniferous species. Scotland, in particular, has one
of the best 'track records' for growing conifers outside the countries where they naturally occur.
However, there is also an urgent need for the countries where threatened conifers occur in the wild,
to establish their own measure for ex situ conservation, and the Conifer Conservation Programme
seeks to support this in any way possible.

Site selection. Despite diverse climates and soils at Edinburgh's three specialist gardens, limitations
of space preclude the size of plantings required. For this reason a network of more than 40 'safe sites'
has been established throughout the British Isles in which to cultivate conifers. Potential sites had to
fulfil certain basic requirements and not all sites offered were accepted. Selection criteria include
guarantees on site longevity, commitment to conifer conservation, suitability of soil, climate and size
and lastly proven good plant husbandry.

Target species. The programme never intended to try and conserve all 364 species of rare, threatened
or endangered conifer; from the outset programme managers believed that priorities would need to be
set. In this matter, and indeed with sampling, the advice of Falk and Holsinger (1991) were adopted
as far as possible. In terms of selecting priority species the following criteria were adopted:

- a high degree of endangerment,
- rapid decline in population nucleus or size, due to
anthropogenic causes,
- taxonomic and evolutionary uniqueness,
- potential for biological management and recovery

Case study 6.3 continued overleaf
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- potential to serve as a source of genetic material with
utilitarian or economic application
- probability of successful establishment in cultivation

Sampling, In recent years there has beenmuch discussion of theoretical aspects of the genetics of
plant populations and how to sample effectively the genetic diversity of wild plants for ex situ
conservation and seed banking. The application of the theory, however, has to be set against the
practical limitations of time spent in the field, access to remote populations and adequate space to
cultivate a representative number of genotypes. The Conifer Conservation Programme has tried to
take a pragmatic approach using the most practical and effective methods of sampling, while also
taking into account modern well-found theory. The programme has taken particular note of the work
of Falk and Holsinger (1991) and also the Genetic Sampling Guide-lines for the Conservation
Collections of Endangered Plants which have been developed by the Centre for Plant Conservation.
The details of sampling theory are not presented here.

Site structure. Developing sites for threatened conifers involves accommodating both the scientific
requirements of the Conifer Conservation Programme and the practical, financial and aesthetic
considerations of the landowners whose land is being used. In addition, some sites are designed to
accommodate only one species, or several species, or only one genotype of a species or maybe a
selection of genotypes from a single species.

Progress to date. To date 6 expeditions have been mounted and over 35 species collected, Over 40
'safe sites' have been established in the British Isles accommodating several thousand trees. In
addition a complementary education programme has been developed which has not been described
here. Presently, negotiations are taking place with representatives in Portugal, Mexico and Chile
with a view to extending the geographical range of the network of 'safe sites'. Finally, research
projects on the genetic diversity of cultivated conifers and the storage of conifer seeds are being
initiated,
See Figs. 6.12 & 6.15-6.17.

Fig. 6.15. Taiwanea cryptomerioides prior to
collecting seed for the CPC, (RBGE)

Fig. 6.16. Planting Taiwanea
cryptomerioides at a 'safe site' within the
UK, (RBGE)
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CASE STUDY 6.4. CENTRE FOR PLANT CONSERVATION (CPC), USA.

In 1984, eleven botanic gardens joined in forming the nucleus of a U.S Centre for Plant Conservation
with the intention of providing a coordinated response to the ex situ conservation of the American
flora. In order to define the Centre's goals, the participants' first tasks were to re-examine traditional
strategies for the collection and maintenance of plant material and to strengthen the relationships
between all agencies involved in plant conservation and research. Keeping in mind the need to
provide services to integrate conservation efforts without duplication, the participants identified five
main tasks which were not being addressed by other organisations.

Those five tasks became the Centre's objectives for its first years of operation. They include:
- the establishment of a consortium of botanic gardens and other institutions with the geographic

scope and facilities to conserve endangered U.S. plant species,
- the development of a data system and species selection system which can help to determine

which of the endangered plants are the highest priorities for protection and to maintain an ongoing
inventory of plants in cultivation,

- the establishment of a National Living Collection to be held in participating institutions and seed
storage facilities,

- the development of a public education and public relations programme to make both the
scientific community and the general public aware of the resources offered by the Centre and the
participating gardens, and,

- the development of a system of financial, intellectual and programatic support to ensure the
coordination of conservation efforts and the permanence of the National Living Collection.

Within a few years progress had been made in each of these five areas. By the end of 1985, the
Centre and its 18 participating institutions had brought into cultivation over 50 endangered taxa,
which is more than have ever before been brought into protective cultivation in a single year. The
Centre now has 25 Participating Institutions (Pi's) representing each major botanical region of the
country. Each of these gardens has agreed to a set of operating procedures that carefully define a
major, long term commitment to the care of plants from its particular region. The Centre's national
office is now receiving and compiling species-by-species inventories of the endangered taxa already
held by Participating Institutions and is developing a computerised core of information on over 3,000
taxa of conservation interest. In addition, the Centre has secured the cooperation of the U.S
Department of Agriculture to use the National Seed Storage Laboratory and related facilities for the
long-term storage of endangered plants. This will be the first use of these facilities for a systematic
programme involving U.S. native plants. Regional gardens will periodically germinate and replenish
the stored seed to test for viability and to establish propagated lines for research.

Many national and regional institutions, trusts and foundations contributed to the Centre's
establishment. In a very real sense, the resources that have been committed to the Centre are a

challenge to the botanic garden and conservation communities to work together effectively. There are
few models on which to base a programme of this kind and no reliable measure by which to gauge its
success. As an organisation, the Centre has developed the resources it needs to begin building the
world's fust national programme.

Twelve of the gardens visited during the study tour of the USA were Participating Institutions and
felt that the work they were doing for CPC was not only useful, but also a very important part of their
garden's work. The affiliation with CPC and the conservation work they did in this context was
viewed very seriously and undertaken very competently. It was interesting to observe that while all
projects were undertaken within CPC guidelines, there was considerable variation in the approach.
Some gardens concentrated on seed storage while others were more interested in ex situ cultivation.
See Figs. 6.10, 6.14 & 6.18.
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Fig. 6.17. Devastated Fitzroya cupressoides forest in Chile. Seeds from this forest have been collected by
staff from the CPC and are now represented in 'safe sites' within the UK, (RBGE).

Fig. 6.18. Seed of endangered plants of California being bulked-up prior to reintroduction. The boxes
are covered in cages of fine mesh at flowering time to stop accidental cross-pollination (Berkeley).

CASE STUDY 6.5. EX SITU CONSERVATION OF THE PALM Pritchardia munroi:
WAIMEA ARBORETUM AND BOTANICAL GARDEN, HAWAII

In 1975, the world population of the endemic Hawaiian palm, Pritchardia munroi, consisted of only
one living specimen which survived in a remote mixed dry forest on the island ofMolokai. This
individual was the very one used for the description of the species by Dr Joseph Rock in 1921.

In December 1975, Waimea Arboretum sponsored an expedition to the island in the hope of
obtaining seeds in order to increase the ex situ representation of the plant in botanic gardens. Staff
from the Arboretum found the plant, which was badly pig-damaged with soil eroded from its base;
luckily there was an abundance of ripe seed. These seeds were sent to 16 institutions in various parts
of the world and to the Palm Society Seed-Bank. Case study 6.5 continued overleaf
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In 1989, a survey was undertaken by Waimea to determine the status of P. munroi. Replies came in
from institutions in the Canary Islands, Thailand and locally, confirming that there were now a total
of 17 plants of P. munroi in existence around the world from the 1975 collection. Five more plants
exists from subsequent collections, bringing the world total to at least 22, with the possibility that
more specimens have not been reported.

This is a good example of a focused, decentralised ex situ collection; most ex situ collections are far
less organised.

In the questionnaire Questions 22, 25 and 26 related to ex situ collections of plants for
conservation (and other) purposes. The results from Q22a showed that botanic gardens in Africa,
Australasia and S America gave greater emphasis to native endangered plants than botanic gardens

in other continents and that European botanic gardens were low in this respect. This makes sense as

African, Australasian and S American botanic gardens do not have the heritage and history of
overseas exploration that European gardens have. Their countries have large, often poorly recorded,

native floras, and the botanic gardens, being generally newer establishments than their counterparts
in Europe are slightly less tied to taxonomic research and have often been created specifically for the
conservation of native plants. Experience from the study tours would have suggested that N

American botanic gardens would have indicated a greater interest in these plants. Q22b showed that

on average botanic gardens in general gave slightly less emphasis to exotic endangered plants than

native endangered plants. This seems fair as, in general, it makes more sense for botanic gardens to
work on their own plants rather than those from other countries. In this respect it seemed a little odd

to find Africa, Asia and Australasia slightly above average and Europe only close to average. Q22c
showed that a third of the world's botanic gardens gave great emphasis to the genetic diversity of
their collections, but a third also gave this aspect little emphasis. Africa and S America were above

average in this respect while N America was lowest. While it can be argued that to have a broad

genetic diversity in the collections requires a great deal of space the results from Q2 show that in this

case there is no correlation with garden size. Africa certainly has many large gardens but then so

does N America. Europe scored highest in the 'little emphasis' category and it is amusing to note that

arguably the two most advanced continents in terms of botanical research and practice (N America
and Europe) showed least interest in this important subject. It was good to see that almost half the

world's botanic gardens gave great emphasis to wild origin plants (Q22d) as this is one of the

underlying aspects that make botanic gardens more than just aesthetic gardens and it gives a sound

scientific basis to live plant collections making them valuable resources for conservation and

research. All continents scored well in this question but European gardens came out top.

Question 25ii was concerned with why botanic gardens held ex situ collections of rare,

threatened or endangered species. The first part dealt with re-introduction and the figures show that
almost half hold them for this puipose. Considering that the questionnaire was despatched in 1990
this figure seems rather optimistic as current literature (in 1994) indicates that plant re-introduction

programmes are rather rare. Australasia was considerably above average which does seem fair as it

appears that Australia (if not the other countries of Australasia) is a world leader in this respect. It
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appears odd, however, that N America was lowest as the literature, and the study tours, would

suggest that N America was one of the leaders in this respect. The second question was to do with

protective custody and it was not surprising to find that almost two thirds of botanic gardens consider

that they are making a contribution in this way. In some ways this is a 'soft option' because it can
mean that gardens hold rare, threatened or endangered plants without any real thought about what

they would do with them. In the questionnaire Australasia was again highest with Europe lowest.

Research (the third option) is discussed in part iv, below, but the figures show that about half the
world's gardens hold these collections for research. This, and education, are good reasons to hold ex

situ collections; often plants are collected ultimately for re-introduction puiposes but nothing

happens to them in the meantime. Research and education are the obvious uses and they ensure that
such collections have a constructive short-term reason for existence. Africa was highest and,

surprisingly, N America and Europe were lowest. This could possibly be accounted for by the fact
that African gardens hold few of these plants but the reason for holding them is highly focused
whereas N American and European gardens hold many of these plants for historical reasons, but a

high percentage are held without any real idea of what they are there for. Education was the highest
in this section at 68.1%; again this might be considered a 'soft option' with staff considering that 'the

public likes to see rare, threatened or endangered plants'. However, it is true that these plants are

important for the education programme of botanic gardens and it can be argued that this is a

reasonable reason for holding them. Australasia was again highest.

Q26 was concerned with whether gardens were involved with certain conservation-linked
activities. Part a) dwelt on seed banks which are covered in more detail in part vii of this section and
are therefore not mentioned here. Part b was about surplus seed from expeditions and again is not

really relevant to this part. Part c asked if the gardens propagated and disseminated material from
rare or threatened plants they held. Two thirds answered that they did and there was little deviation
form the average. This aspect of botanic garden work is considered to be essential but the 'reverse

side' is that the collective botanic garden holdings of plants can have a very narrow genetic base. Part
d asked if plants had ever been grown specifically for re-introduction programmes. Not surprisingly

only a third responded positively, with S America, Africa and Australasia considerably above

average while N America and Europe were considerably below average. While the literature would

anticipate that Australasia was high in this respect the other figures seemed considerably at odds

with anticipated results.

In the study tour interviews ex situ conservation and the ex situ cultivation of rare, threatened
or endangered plants was mentioned frequently when asked about the ways in which botanic gardens

could best support conservation. In Europe and India it was mentioned more frequently than

anything else while in the USA it came third. When asked about the role the garden side could play
in conservation ex situ work came top in all three continents.

Of the gardens visited during the study tours it could be said that every garden had ex situ live

plant collections; however, their relevance to conservation was questionable as was fully admitted in

many cases. Some might argue that any plant held within the relatively secure surroundings of a

329



botanic garden was of at least some use for conservation. They could certainly be used for education
and possibly for research also. However, their worth for that 'ultimate' use of ex situ collections, re-

introduction, was highly questionable. Most ex situ collections have far too few individuals and are

genetically too restricted to be of much use for re-introduction. Additionally, many have been passed

from botanic garden to botanic garden and so even the collective botanic garden holding often

represents a very small genetic base. Many, again are not of Icnown wild origin' or have lost their

accompanying field data. For these reasons it is much more helpful for ex situ collections to be

thought of as either 'conservation collections', in which case numbers and genetic diversity will be

great and the ultimate intention for holding them will be for re-introduction. 'Non-conservation
collections' would then refer to plants whose primary purposes was not for re-introduction but

probably for education or research. In this respect RBGE's Conifer Conservation Programme (see

Case study 6.3) collection of conifers can be thought of as ex situ conservation collections.

Munich Botanic Garden has a responsibility to cultivate locally rare, threatened or endangered

plants which is partly similar to the CPC scheme (see case study 6.x) except that it does not form

part of a national network. Munich and Tubingen also said that they quite often rescued locally rare,

threatened or endangered species if they were in imminent danger from destruction by road
construction or building works.

Of the gardens visited very few had ex situ conservation collections. The notable exception to

this was those gardens (Participating Institutions, Pi's) who were involved with the Centre for Plant
Conservation in the USA (See case study 6.4). Twelve of the gardens visited were Pis and therefore

grew conservation collections of plants; these are described in more detail in the section on re-

introduction, below.

A small selection of other botanic gardens involved in ex situ conservation is listed in

Footnote6'3 below.

5. Conservation research was mentioned very briefly in Chapter 4.4. The subject is vast and
can include, for example, research into a plant's life cycle, pollination, the storage of its seeds,

population dynamics and genetics. Research into understanding habitats, species/habitat

relationships, identifying habitats for protection and habitat evaluation can be included also, along
with the creation of guidelines for sampling from populations and the structuring of ex situ
collections. In fact all subjects that have to do with rarity, declining populations, threats to species
and habitats and the conservation of species in natural and man made environments are eligible for
inclusion under this heading. Many of these topics are aspects of botanic garden research and some

of them have particular relevance for horticultural staff and the use of live plant collections. The
most relevant include cultivating collections of rare, threatened or endangered plants for others to
conduct research on, propagating and disseminating rare, threatened or endangered plants, sampling

Adelaide Botanic Garden (Cupressus), Jardim Botanico de San Paulo, Brazil (native Brasilian flora & orchids). Royal Botanic
Gardens, Hamilton, Ontario (native Ontario trees and shrubs), University of Aarhus Botanical Institute, Denmark (Canary Island
endemics) and University of Bergen Botanical Garden (Angelica archangelica var. maiorum, material of populations ofArtemisia
norvegica (including var. scotica) and Hepatica nobilis).
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from the wild for ex situ collections, structuring ex situ collections and work on aspects of habitat

creation or re-introduction programmes (which are dealt with elsewhere). The more horticultural

subjects are described in more detail in vi, horticulture, below.

Many would argue, particularly those from government-sponsored botanic gardens, that

conservation research is one of the most legitimate activities for botanic gardens. The argument is

that such gardens have the resources to do this work while other agencies have the resources to

implement practical conservation. It therefore makes the best use of resources for botanic gardens to

do the research and for others to implement the research. Successful conservation, however, relies on
a combination of research and practical implementation and the two are best kept relatively close

together. If research, for instance, is not at least partly guided by the realities of practitioners on the

ground then it will loose its value; likewise, enthusiastic, but scientifically naive, conservationists

may well be wasting their time. It is one of the special advantages of botanic gardens that they often

have the staff expertise to do both and the balance between the two can be governed by funding

agency. For instance, a government-funded garden may devote two-thirds of its conservation activity
to research and a third to practical projects while ones funded mostly by the public could switch these

proportions around.

Two case studies are presented to illustrate the breadth of conservation research that takes

place within botanic gardens: Case study 6.6 describes work on the genetic diversity and restoration
of a recalcitrant clonal sedge and Case Study 6.7 describes the use of natural soil spore banks for fern
conservation.

CASE STUDY 6.6. GENETIC DIVERSITY AND RESTORATION OF A RECALCITRANT
CLONAL SEDGE (Tetraria capillaris Cyperaceae): KINGS PARK AND BOTANIC GARDEN,
WEST PERTH/UNIVERSITY OF WESTERN AUSTRALIA

For many species that regenerate reliably from seed, genetic analysis is not necessarily of great
importance (in the context described here). Provided seed collection is widely based, plant
distribution is even and germination is not restricted by the restoration process, seeding should
produce a population closely resembling the original in genetic makeup. However, for clonal plants,
inbreeding populations or recalcitrant species requiring in vitro propagation techniques, analysis of
the genetic structure and processes must be a key consideration for artificial restoration of the
original genetic diversity.

In the study described here, the genetic diversity of a clonal sedge (Tetraria capillaris) was assessed
using analysis of 11 loci. Of 29 enzyme systems tested, eight were selected which gave interpretable
bands with consistently good resolution. Though seedlings of the species are rarely observed in
nature, isozyme analysis showed that for the study transects containing 100 sample plants, the
majority of plants at the site were sexually, rather than clonally, derived. Young plants generated
from embryos grown in vitro from excised seeds showed a high level of genetic diversity which could
account for the genetic diversity measured in the parent population. In terms of restoration of the
species, 85% of the assessed genetic diversity at the study site could be retained if 25 T. capillaris
plants were taken at random. The study illustrates how genetic assessment coupled with tissue
culture methods provides a feasible model for the recovery ofmost of the assessed local genetic
diversity of a clonal species.
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CASE STUDY 6.7. THE USE OF NATURAL SOIL SPORE BANKS FOR FERN
CONSERVATION: RBGE/UNIVERSITY OF EDINBURGH

Some fern species form spore banks which can be described as reservoirs in the soil of viable spores
which remain dormant while buried, but germinate in light if brought to the surface. Research at
RBGE/University of Edinburgh is exploring the characteristics of these soil spore banks and enough
is now known to suggest that they might have a role in the conservation of endangered fern species
as alternatives to ex situ collections of sporophytes, gametophytes and spores. Mature sporophytes of
several British species have now been raised from natural spore banks in soil samples; if this can be
done also for endangered species then it will be of considerable conservation significance. The
possibilities will arise of augmenting surviving populations and increasing their genetic diversity,
even perhaps of retrieving lost populations, by reintroduction of spore bank-derived plants or by
stimulating regeneration from spore banks in situ.

The third part of Q25ii of the questionnaire indicated that, of the botanic gardens which
cultivated rare, threatened or endangered plants 52.1% held them for research; however, this could
have been for any type of research, not necessarily for conservation research. Surprisingly, perhaps,
Africa was above average while N America and Europe were below average. The only other question
of relevance was Q4 which asked about the three most important stated policies of botanic gardens.

Option 9 was 'Other research', which could have included conservation research, which was ticked

by 3.4% of the respondents.

In the study tour interviews conservation research was mentioned frequently (14 times,

putting it in second place) in the USA as a way in which botanic gardens could best support

conservation but it was not mentioned at all in Europe and only twice in India. However, when asked

about the ways in which the garden side could support conservation, cultivation for conservation

research was mentioned very infrequently.

Very little conservation research seemed to be taking place in the European and Indian
botanic gardens visited, except perhaps in Berlin where conservation research accompanied the

reintroduction work described in part 6, below.
Ten of the gardens visited in the USA were carrying out conservation research. The diversity

of this work was enormous and included all the types of research described above. Some was of a

short term practical nature to find results to immediate questions such as the germination and

propagation requirements of rare plants (which in this section has been included in Horticulture, 7,

below) while other types were longer term, more in-depth studies on population dynamics or

reproductive biology.
A small selection of other botanic gardens which are undertaking conservation research are

listed in Footnote6,4 below.

6. Re-introduction and other forms of replacing plant material in the countryside. As some

plant species have become increasingly scarce, or indeed as individual populations have been lost

altogether, so the possibilities and techniques of returning plants to the wild have gained in

6 4
Berry Botanic Garden, Washington, USA (genetics and demography of local native plants), University of California at Berkeley

Botanic Garden (seed enhancement techniques of locally rare plants) and RBGE (genetic diversity of the conifers Abies pinsapo and
Glyptostrobus pencilis)
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popularity. Re-introduction raises all sorts of logistic, scientific and even moral issues and many

papers and books have been written about the subject recently. The following short account describes

types of re-introduction and the main issues involved; it concludes with some case studies.

There are many slight variations around the theme of re-introduction; each explains the
different situations in which re-introduction may be used.

1. Augmentation involves propagating plants from an existing population and returning them

to the same population. The purpose is to increase the number of individuals in an existing

population with material that is part of the same genetic pool. Augmentation may also refer to

revitalising or reintroducing a recently disturbed or lost population by taking propagules from that
site and re-establishing them in the same location. Success is dependent both on the quality of the
collected material and the impact of disturbance on the site. An augmentation project may also
involve taking propagules from another population to supplement an existing population.

2. Reintroduction of populations involves collecting propagules from extant populations and

introducing them to sites where the species is known to have occurred historically. Propagules may
be taken from one population or from a variety of populations.

3. Introduction is sometimes proposed to help restore or increase the numbers of populations
within the historic range of the species. This involves taking plants from one or several populations
and introducing them to a new site. In New Mexico, for example, seed was gathered from a

population of Pediocactus knowltonii (Rnowlton cactus) that was threatened by cattle grazing,

mining, and cactus collectors. The seeds were germinated at a botanic garden and the seedlings

planted in a similar habitat on a more protected site.
4. Mitigation uses augmentation, reintroduction, and (most frequently) introduction to reduce

the adverse impact of development projects. It uses these tools primarily to make way for
construction projects, not as a means of enhancing the viability of rare plant populations. Most

examples of mitigation come from the USA.
5. Plant rescue is the removal of plants shortly before their destruction as part of a last-

minute effort to save them. It usually involves storing plants at a temporary site until a suitable plan
can be developed for their long-term survival.

Augmentation, reintroduction, and introduction projects all entail significant risks. Any

organisation planning such a project should carefully consider the strategic implications of the

project from biological, administrative, and political perspectives.

Biological risks. Reintroduction projects are rarely begun with enough information to ensure

their success. They are more often based on trial and error and the results are subject to a high degree

of uncertainty. There are few, if any, projects to reintroduce or introduce rare plants that have been

completely "successful", even in the limited sense of survival of the plants placed on the site. True
success entails not only survival of the propagules, but also the establishment of a self-sustaining
viable population, able to reproduce and adapt to changing environmental conditions. Decades are
needed before we can know if these projects are successful.
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Any population manipulations will inevitably affect the ecology and genetic structure of the

population. Augmentation of populations using seed taken from existing plants minimise the risks
that are taken, while introducing genes from other populations creates hybrid populations that may

be less well or better adapted than any of the source populations. When the population from which

propagules are collected is small, the collecting effort itself may reduce the level of genetic diversity
that population is able to maintain.

Administrative and political risks. Reintroduction and introduction projects are costly and

time-consuming, and the results may be difficult to predict and control. Because of their potential

public appeal, such efforts my divert valuable resources from the primary focus of conservation

programmes such as habitat acquisition and management. Furthermore, the failure of an expensive

project may damage an organisation's credibility., while its 'success' might encourage developers,

public officials, and the public at large to believe that species can be easily moved to make way for
new developments, leading to more habitat and population destruction.

For these reasons many organisations involved with these programmes lay down very precise
'rules' and procedures. The criteria laid down by the New England Wild Flower Society (who own

and manage Garden in the Wooods), for instance, are listed in Case Study 6.8.

CASE STUDY 6.8. CRITERIA FOR AUGMENTATION AND REINTRODUCTION: NEW
ENGLAND WILD FLOWER SOCIETY.

The New England Plant Conservation Program (NEPCoP) may recommend Augmentation or
reintroduction of certain populations of priority species, will review Augmentation or reintroduction
plans when requested to through its membership, and will encourage discussion of reintroduction or
Augmentation projects before they start. NEPCoP may endorse such projects if they meet the
following criteria, which are published in a special volume of their Wild Flower Notes entitled New
England Plant Conservation Program (New England Wild Flower Society, 1992):

- No loss of populations or habitat: The project will not foreseeably diminish the long-term viability
of the source population or the quality of its habitat.

- Approval of the species for reintroduction: The relevant permitting authorities must approve the
species for collection and reintroduction in their State. Any reintroductions will be part of an overall
strategy for conservation of the species in New England. Considerations guiding the choice of
reintroduction as a strategy include:
* strategic implications,
* biological and technical feasibility and implications,
* administrative feasibility, including funding, staff
commitment, and organisational resources,
* value of the scientific information gained from the
experiment for the protection of the target species
and for other rare plant species in New England, and,
* cost effectiveness.

- Reintroduction plans: All reintroduction projects must have a detailed plan that will benefit the
species and yield information on rare plants that is useful to the scientific community. Each plan
should include specific objectives, baseline data, monitoring guidelines, administrative
accountability, budget and funding sources, and an implementation schedule. Any committee or
individual devising the reintroduction plan should involve all pertinent parties, landowners, land
managers, and members of the Natural Heritage Program.

Case study 6.8 continued overleaf
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- Protected sites with the right to monitor and manage the populations: All projects should be on
protected sites owned and managed by a government agency or by a non-profit conservation
organisation. The site should be managed to protect the species and its habitat. In certain cases when
no other suitable habitat is available, projects may be undertaken on private property. In all cases
there should be a legally binding agreement to protect and manage the site according to the
reintroduction plan over the life of the reintroduction project.

- Sufficient resources: There should be sufficient resources to implement the initial planning, to
monitor the project for its duration, to document results, to make adjustments (including replanting
if necessary), and to manage the habitat. Obviously, it is very difficult to predict funding over an
extended period of time, but the availability of long-term support is an integral part of determining
whether a project is feasible and beneficial.

- Shared scientific information: One of the great values of reintroduction projects is the information
on species biology that will be discovered in the process. Every effort should be made to inform the
scientific community of current projects and to encourage observation and participation where
appropriate. All scientific information derived from the experiment should be placed on file in the
state's Natural Heritage Program office.

- Experimental populations: To ensure that reintroduction projects do not diminish the protection of
natural populations, all reintroduction projects will be termed "experimental populations" and will
not be regarded as viable until they have met the definition of "viable population" in the
reintroduction plan.

- Education/Publicity: If the project is to be publicised, every effort should be made to inform the
public of the risks and values associated with the reintroduction project. The term "success" will be
applied to those experimental populations only when the project meets the specified goals of the
reintroduction plan.

Similar types of criteria exist for introduction, mitigation and plant rescue.

Reintroduction programmes are now being initiated in a number of botanic gardens; Case
studies 6.9 and 6.10 highlight just two programmes.

CASE STUDY 6.9. REINTRODUCTION OF LOCAL FLORA; BOTANIC GARDEN AND
BOTANIC MUSEUM BERLIN-DAHLEM.

Following the decision of Berlin's Department of Environmental Protection, employees of the
Botanic Garden began to gather seed several years ago, and in a few cases, gathered other plant
material from endangered species in the city's natural environment. In gathering the seeds (or other
plant material) the following ground rules were developed:

- the species were to be reintroduced within their present or historical range,
- seeds or plant material was to be taken from nearby populations without causing damage to the

latter,
- the environmental conditions of the area to be repopulated were to correspond to the requirements

of the particular species,
- each reintroduction was to be scientifically supervised and documented,
- necessary care for the newly planted site was to be assured.

Aftermultiplication of these plants in culture, they have been returned to the site from where they
were obtained as a method of support for the threatened population. It is stressed that an important
prerequisite of success for such reintroductions is the elimination, or at least the reduction, of the
causes threatening extinction. If the original area is too heavily damaged, or the plant population has

Case study 6.9 continued overleaf
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already been exterminated, other suitable places for a reintroduction may then be selected.

The programme for reintroduction includes extensive horticultural trials to determine the best
methods for sowing, cultivating and transplanting material, which may vary considerably depending
on the growth form of plants (e.g. annual, perennial or shrub) and their environmental requirements
(e.g. wet or dry habitats).

Since 1989 several extant species such as Juncus squarrosus, Gentiana pneumonanthe, Silene otites,
S. chlorantha, Euphorbia palustris, Iris sibirica, Dianthus superbus, Helianthemum nummularium,
Alyssum alyssoides and Succisa pratensis have been multiplied and reintroduced as soon as about
200 plants became available. These were reintroduced either to strengthen existing populations or to
start new ones in suitable locations. Scientific supervision has assured careful documentation of site
details, including long-tenn studies on the growth of the reintroduced species, the type of on-site
reproduction (vegetative or generative), the rate ofmultiplication, and as many other relevant factors
as possible.

It remains to be seen whether these reintroductions will become established permanently and
continue to produce offspring by self-seeeding, and responding successfully to natural competition,
when the care of the sites by gardeners ends in due course. The final determination of whether this
method of action to conserve these populations in natural environments has proved worthwhile will
only be possible or make sense after a number of years have passed. See Fig. 6.13.

CASE STUDY 6.10. REINFORCEMENT OF Lychnis viscaria BY THE SCOTTISH RARE
PLANT PROJECT, RBGE

An overall description of the Scottish Rare Plant Project is given later in this section in Case Study
6.14. The Case Study presented here describes only the reinforcement of Lychnis viscaria, which is
only one small part of the overall Project.

From a complete survey of Scottish localities for Lychnis viscaria, several sites have been identified
that are threatened by shading from surrounding vegetation and the oldest recorded population in
Britain, Holyrood Park, in the centre of Edinburgh, has been reduced to three clumps by recent fires.
Given that this was the last extant colony in the Lothians (all others having been lost) and that the
remaining plants were still producing seed, a reinforcement programme was instigated in
conjunction with Historic Scotland and in consultation with Scottish Natural Heritage. Plants were
raised at RBGE from seed collected in August 1993 and in May 1994 twenty individuals were
planted at a location in the vicinity of, but separate from, the remaining native plants. A variety of
potting composts and rabbit protection measures were adopted but are not recorded here.

Eighty percent of the plants have established, despite a very dry summer. The exact location of each
plant was noted at planting and records will be taken of the life of each plant and the establishment
of new ones. Additionally, records are taken of the results of the different horticultural treatments.
See Figs. 6.19 & 6.20,

The first part of Q25ii of the questionnaire indicated that, of the botanic gardens which
cultivated rare, threatened or endangered plants 47.1% held them for eventual re-introduction. This
was the lowest ranked of the five options offered apart from 'Other'. Australasia was more than 20%
above the average thereby showing a considerable commitment to this work while, perhaps

surprisingly, N America was lowest. Q26d was also concerned with reintroduction and in this case

33.4% of botanic gardens indicated that they were involved with re-introduction. Australasia was

again above average, along with S America, Africa, and Asia, while N America and Europe were

considerably below average.
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Fig, 6.19. Re-introduction of Lychnis viscaria
to a site in Edinburgh (RBGE)

Fig. 6,20. Lychnis viscaria reintroduction;
recording exact locations of reintroduced
plants.

In the study tour interviews very little mention was made of re-introduction, Staff in most

gardens agreed that it was a long-term objective but the reality was that there had been few successes

so far, more research was needed and it was a highly labour intensive activity. A small number of

gardens in the USA mentioned restoration trials and indicated that the results from these would help
in the long term with re-introduction.

Some interesting initiatives were seen during the study tours, for instance, the re-introduction
of local rare natives being carried out from Berlin-Dahlem (see Case Study 6.9) and the re-

introduction of Sarracenia spp from Atlanta Botanic Garden (See Fig. 6.19, which shows the plants

growing by ex situ cultivation prior to re-introduction). While much has been made of individual

species conservation in the paragraphs above it is interesting to note the move in many botanic

gardens towards understanding and conserving whole habitats. Good examples seen during the study
tours are listed in Footnote6 5. These reconstructions took account of ecological needs in their

management, for instance with fire for prairies, and often linked conservation well with public
education and interpretation.

6
Habitat reconstructions of prairies at Garden in the Woods (Fig 6.22) and Chicago, wetland habitats at North Carolina Botanical

Garden (Fig. 6.23) and Atlanta Botanic Garden, pine ridge vegetation at Bok Tower Garden (Fig. 6.10) and serpentine vegetation at
the University of California Botanic Garden at Berkeley (Fig. 6.24).
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7. Horticulture in itself is, of course, not a conservation technique. It is only mentioned here

in so far as the expertise of horticultural staff are required for many of the conservation techniques
listed in this section. It was notable, for example, that while writing the Issue Plan for the
Conservation ofPlant Biodiversity (RBGE, 1994) aspects of horticulture were mentioned in so many

parts of the Plan that the author decided to pull these out and make horticulture into a section of its

own.

Horticulturists within botanic gardens are especially suited to 'conservation horticulture'
because of the special skills required. These skills, which are markedly different from commercial, or

even amenity, horticulture, include aspects such as the ability to germinate a great diversity of seed,

including those with special dormancy-breaking requirements, the necessity to keep accurate written
records while carrying out normal horticultural operations, the ability to cultivate an extraordinarily
wide range of species, many of which have seldom been cultivated before and which are often far

more demanding than commercially available cultivars.

Types of 'conservation horticulture' technique include:
- genetic sampling of populations from the wild,
- propagation and cultivation requirements of rare, threatened or endangered species,
- structuring ex situ collections to ensure the required genetic representation,
- collecting, storing and germinating seeds,
- maintaining ex situ collections,
- reintroduction, in all its forms,

- habitat management, and
- habitat creation.

It was interesting to observe the horticultural activity surrounding the famous, but highly

endangered, palm (Lodoicea maldivica), known as Coco-de-mer, dining the visit to the Royal
Botanic Gardens, Peradeniya. An avenue of the palm (Fig. 6.24) is grown at the Garden, which,

while being attractive, can also be regarded as ex situ conservation. The seeds, however, have a very

short viability and the Garden has been able to provide detailed instructions about how to germinate
and cultivate it. In an effort to get more plants into cultivation, each fruit is numbered as it develops

(Fig. 6.24) and an interested botanic garden contacted. At the appropriate moment the fruit is
removed from the plant and sent off. Such organised work can justly be classed as horticultural

conservation.

Finally, it is interesting to note that Professor David Goode, Director of the London Ecology Unit, is
of the opinion that the skills of horticultural staff are greatly needed by ecologists and

conservationists, especially in the field of habitat creation; he states (Goode, 1994): "It is no surprise
that some of the most successful endeavours in this field have resulted from a blend of sound

ecological science and good horticultural practice. The creation of prairie ecosystems at the
Wisconsin Arboretum is a case in point. From its earliest days the object of this Arboretum was to

create a series of ecological communities. Since its foundation in 1934 Aldo Leopold was closely
involved in the experimental approaches developed, encouraging rigorous ecological research as a
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Fig. 6.21. Sarracenia spp. cultivated ex situ at Fig. 6.22. Prarie at Garden in the Woods
Atlanta Botanic Garden

Fig. 6.23. Tall prarie habitat at Garden in the Woods.

Fig. 6.24. 'Pine Barren' habitat (with associated insectivorous plants) at Garden in the Woods.
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basis for much of the work. It was this kind of in-depth applied research at the arboretum during the

1940s which led to the understanding of the ecological role of fire in the prairie ecosystem (Curtis

and Partch, 1948). Subsequent application of this knowledge was crucial to the successful creation of

prairie habitats at the Madison Arboretum and elsewhere. Research of this kind was an essential part
of the process, and could only be achieved within an environment combining good sound ecological
science with horticultural expertise. It also requires facilities for long-term experimentation which
the arboretum provided par excellence."

Case Study 6.11, below describes an example of the value of horticulture to conservation.

CASE STUDY 6.11. ROOTING Torreya taxifolia, AN ENDANGERED CONIFER FROM
FLORIDA, USA: THE BOTANIC GARDEN OF SMITH COLLEGE, USA

Torreya is a primitive member of the Taxaceae. Seven species are known worldwide, five from
Japan, Korea and China, one from California and one, Torreya taxifolia, the Stinking Cedar from
Florida and Georgia where it is rare and endangered.

Since the 1950 it has been evident that there has been a sharp decline in the health and reproductive
capacity of the remaining plants and, while in situ conservation measures will continue, it was
decided that material must be brought into cultivation for ex situ conservation. However, seed
production was low and rooting from cuttings difficult. Horticultural trials were therefore initiated at
the Botanic Garden of Smith College to find the most successful method of propagation.

In the trial 2,622 cuttings were collected from 166 trees at 14 individual sites throughout the native
range of the species. The main differences in the treatments were concerned with rooting hormone
and rooting medium; the exact details are not recorded here. At best a success rate of 90.8% was
achieved. Cuttings were potted up and grown on for two years before shipping to a range of botanic
gardens worldwide.

All the questions in the questionnaire related to horticulture in that they were concerned with

the cultivation of plants for particular purposes. The questions on conservation were no exception
and so it is not really relevant to pick out any to make comments on in this part. It is perhaps just
worth mentioning the high level of responses to each of the questions, and thereby the level and

quantity of horticulture taking place in the name of conservation; the lowest response for any of the
conservation-linked activities was 33.4%.

Likewise there were no specific questions on conservation horticulture during the study tour

interviews because the whole exercise involved horticulture and the cultivation of plants. Perhaps
the only point worthmentioning was the quality of horticultural conservation and in this capacity

would be fair to say that it was generally of a high standard and receiving a lot of attention,

especially in the USA (see below). In Europe staff seemed aware of the issues but policy and lack of
staff seemed to limit any action while very little activity of any sort in this direction was seen during
the Indian/Sri Lankan study tour, except in the Royal Botanic Garden, Peradeniya. Horticulture will
be discussed again in Chapter 7.

During the study tour of the USA a great deal of conservation horticulture seemed to be taking

place; in fact the level of activity was almost equal to that of education and certainly exceeded

taxonomy or other research. Horticulturists seemed to be taking a lead in many aspects such as
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habitat reconstructions, seed banking, micropropagation and ex situ cultivation. It seemed that the
CPC (see Case study 6.4) had a great deal to do with this in terms of stimulating activities and in

providing a forum for discussion.

8. Gene banks are a specialist type of ex situ conservation technique and include the long
term storage, for conservation, breeding and research purposes, of plant parts or seeds. Examples
include gene banks for seeds, pollen, spores, stems and leaves. In this short account attention is

focused on seed banks as these are the most frequently encountered.
The advantages of seeds banks can generally be summarised as follows:
i Seeds are generally small and do not take up as much space as growing plants.
ii Large numbers of accessions of each species can be stored, thus providing a good range of
its genetic diversity from different parts of its distribution.
iii When properly stored under low moisture and temperature conditions the seeds can be

preserved for many years.

iv Periodic germination tests will indicate when the seeds are becoming inviable and in need

of regeneration.
v Species that are becoming extinct or are endangered can be preserved in seed banks.
vi When conditions are suitable, species that are extinct in the wild can be re-established with

virtually the same range of genetic diversity as they possessed when they first went into store.

The use of seed banks for the conservation of germplasm of crop species, in the form of
cultivars and landraces, is now widespread and a major network of genebanks has been put into place
around the world, notably by FAO, the Consultative Group on International Agricultural Research

(CGIAR) Crop Centres and IPGRI (see Case Study 6.13), and by national facilities such as those of

Fig. 6.25. Avenue of Lodoicea maldivica
(Peradeniya).

Fig. 6.26, Fruits of Lodoicea
maldivica (Peradeniya).
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the United States National Germplasm System, the Nordic Gene Bank, the Indian National Bureau of
Plant Genetic Resources and the Vavilov Institute, Petrograd. However, this is not the case for wild

species, for which there are virtually no national organisations and no international systems at all. In
fact there is no overall world strategy for the conservation of genetic resources/germplasm of wild

species, either in situ or ex situ. The world's agricultural genebanks contain some 2.5 million

accessions, most of which are of crop cultivars, with only a small percentage referring to wild

species. The U.S. National Germplasm system is the world's largest distributor of germplasm,

supplying nearly 200,000 samples from its collections each year to more than 100 nations (NRC,

1991) and currently contains more than 380,000 different accessions of some 8,700 species. Some
seed banks concentrate on only one crop such as the one for Oryza sativa, rice, at the International
Rice Research Institute in the Philippines where some 80,000 samples are stored.

Although many agricultural genebanks do contain accessions of wild species, the numbers
and degree of sampling is often inadequate. Moreover, unless there is some particular interest in
these wild species accessions, as for example, with crop relatives, there is no programme of activity
carried out on them. A major, if largely unacknowledged role is played in this regard by the world's
botanic gardens and arboreta, many of which do have seed banks. However, standards of collection
and storage are variable, species cover patchy and continuity questionable.

A major criticism of seed banking is that it 'freezes evolution' and prevents the crops or wild

species from co-evolving in the 'cold war' that they continually need to wage with their pests and

pathogens. Ideally, the best solution is to adopt an integrated approach (as described in 11, below),

forget the 'either/or' attitude and allow as many as possible of the wild species to exist in nature and
in special reserves, while at the same time storing a reasonably large number in seed banks.

A major problem with seed banks is that not all plants produce seeds which store well.

Therefore, for non-orthodox (or so-called 'recalcitrant') seeds to be conserved, the lowering of

humidity and temperature which is so satisfactory for orthodox seeds results in early death. Many

tropical fruits and timber trees are recalcitrant and methods of tissue culture or in-vitro storage have

had to be devised for them (see section ix). Tuber crops or others where clonal propagation is

important are being treated in this way, with back-up material maintained in orchard plantings (now
referred to as 'field gene banks').

It is not known how many botanic gardens have seed banks, however, in virtually all cases the

range of species held is very limited. Some hold locally rare, threatened or endangered species while
others hold only those species in which the garden has an interest. In only a handful of cases is

species cover comprehensive or are holdings part of a nationally networked system.

Seed banking is a complex, but well-documented, activity. It is not the task of this thesis to

delve into the complexities of seed banking and the reader's attention is drawn to just three of the

most significant texts: Hanson (1985), Procedures for handling seeds in genebanks, Hawkes (1991),

Genetic conservation ofworld crop plants and Holden and Williams (1984), Crop genetic resources:

conservation and evaluation.
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Case study 6.12 describes the seed bank at RBG Kew, (Wakehurst Place), one of the world's

largest seed banks for wild species; Case Study 6.13 describes that of the International Plant Genetics
Resources Institute (IPGRI).

CASE STUDY 6.12: THE RBG KEW WORLD SEED BANK AT WAKEHURST PLACE

In 1969 Kew established a seed unit where seed, both from the Garden and from expeditions, could
be held under refrigerated conditions for several seasons. With rising concerns over the loss of
species a decision was made to expand the unit so as to contribute to species conservation. Kew was
well placed to play a part in promoting long-term storage of seeds in a seed bank of wild species, and
at the same time to develop a research capability to investigate problmes of seed storage and
germination. The seed unit was therefore amalgamated with the Physiology Section of the Jodrell
Laboratory and in 1973 the Section moved to Wakehurst, Kew's 'place in the country', where it is
now housed in a purpose-built Seed Bank with well-equipped laboratories, workshops and offices.

The cold, dry storage facility now holds in excess of 25,000 species of flowering plants- one of the
world's largest collections- providing protected storage for material of international value as well as
innumerable specimens for research.

Following collection from the wild, seeds are sorted and cleaned to remove debris, and a sample is
X-rayed to check that they are intact and do not contain insect pests. After this processing, the seeds
are dried by exposure to low relative humidity at 15°C and then stored in air-tight containers within
a room kept at deep-freeze temperatures. Being frozen in this way ensures that their lifespans will be
greatly enhanced, possibly to as much as 20,000 years in species such as barley. Collections held in
theWorld Seed Bank are monitored from time to time to check that the seeds remain viable.

On expeditions, seeds are collected from as many types of plants as possible in any one area, first
because it is impossible to know which ones will prove useful in the future, and second, to make sure
that a good broad genetic base is obtained. However, care is also taken to leave sufficient seed to
allow the plant population to regenerate in future years. The collectors pay particular attention to
grasses and legumes, because, based on previous experience, they know that both these groups of
plants are likely to be useful. They also collect seeds from plants that are utilised by the local people,
such as those with medicinal properties.

Using information gleaned from the Herbarium botanists and from computer databases such as
SEPASAL (Survey of Economic Plants for Arid and Semi-Arid Lands), Kew's collectors have
travelled to the countries around the Mediterranean and to the arid and semi-arid tropics (including
Brazil, Botswana and Somalia) in their search for seeds. Conserving the British flora has also not
been forgotten.

In recent years, the rate at which seeds have been added to the bank has increased dramatically
following the funding of two collectors devoted solely to that task. At present they are concentrating
on plants in arid and semi-arid lands such as Mexico, Australia and Morocco.

CASE STUDY 6.13: THE INTERNATIONAL PLANT GENETICS RESOURCES
INSTITUTE (IPGRI)

The IPGRI is an autonomous, international, scientific organisation under the aegis of the
Consultative Group on International Agricultural Research (CGIAJR). It is one of 13 centres of the
CGIAR devoted to carrying out research to improve world agriculture. The IPGRI (then known as
IBPGR) was created in 1974 with a mandate to promote an international network of genetic
resources centres to further the collection, conservation, documentation, evaluation and use of plant
germplasm and thereby contribute to raising the standard of living and welfare of people throughout
the world. It works in close liaison with the Food and Agriculture Organisation (FAO) of the United
Nations which provides the headquarters and staff support.

Case study 6.13 continued overleaf
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When the Board (as it then was) first met, it faced the problem of how to allocate limited funds in the
most effective way. To do this it established global priorities for the collection and conservation of
crops, and regional priorities for areas containing high genetic diversity. Despite this, further detail
was necessary and a number of committees were established to refine details of action programmes
for rice, wheat, maize, sorghum, millet and Phaseolus beans.

By the end of the 1970s it was apparent that action was required on a wider range of crops than was
thought necessary in the mid-1970s. In addition to the major cereals and legumes, an important
programme was initiated on vegetables of importance in the tropics. Studies were initiated on other
groups, for example tropical fruits, forages and temperate fruits.

Since its creation IPGRI has developed a unique mechanism to translate its priorities into action
programmes. This has been to use committees and working groups- or in some cases an institute
where global responsibility for a crop has already been assumed, for instance in the case of potatoes-
to gather together leading scientists and breeders who are acknowledged experts on specific crops in
order to provide advice, based on the most up-to-date scientific information available, on genetic
variability. In this way the IPGRI has been able to mobilise the best expertise throughout the world.

In the first decade IPGRI was instrumental in fielding over 300 collecting missions (including
separate teams the total was 500) in all parts of the world; missions took place in 88 different
countries. Details are available in various reports but, to highlight the scale of the operation, over
35,000 samples of major cereals were collected in 62 countries. Taking into account other priority
crops such as legumes, vegetables, fruits, root crops and tubers, over 100,000 samples were deposited
in genebariks.

Since its inception IPGRI has been prepared to respond to change and the organisation is now very
different from when it started. One major change has been a move to store gennplasm of the wild
relatives of crop species rather than just cultivated forms. IPGRI has also undertake much research,
published many reports and guidelines, initiated many more seed collecting trips and formulated
international standards for the storage of germplasm.

Only Q26a of the questionnaire was concerned with seed banks. It did not ask if the gardens

had a seed bank but asked if staff contributed seeds from expeditions to seed banks. At the start of

this thesis it seemed to the author that it was an unfortunate waste of effort that seeds from

expeditions did not seem to make their way into seed banks. Staff from seed banks were frequently

travelling and collecting seeds, but time, staff and money restrictions combined to ensure that only a

small number of species were sampled and stored each year. In contrast the botanic gardens of the
world send out many expeditions all over the world to collect material for herbaria and for live plant
collections. It seemed that, with only a little extra effort, seed could be collected for seed banks thus

ensuring more comprehensive and organised seed bank collections. 36.2% responded positively to

this question which seemed low at first, but high in retrospect. The fact is that seed banks require

very precise collecting standards- sampling has to be meticulous and methodical and great quantities

(often up to 2kg) are required. This would impose severe restrictions on the average botanic garden

expedition which now tends to cover a lot of ground quickly collecting plants rather hurriedly rather
than covering only a small area very methodically.

In the study tour interviews when asked about the ways in which botanic gardens could best

support conservation seed banking was mentioned 11 times by botanic gardens in the USA, twice by
Indian gardens but was not mentioned at all by staff in European gardens.
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In the USA seed storage or seed banking was considered an important botanic garden activity

though standards and policies were varied. Each garden specialised in certain groups or regions, for

instance, the Garden in the Woods stored seed of plants native to New England while the Desert

Botanic Garden was only interested in plants native to the desert areas of SW USA and Rancho

Santa Ana Botanical Garden concentrated only on Californian natives. Others dealt exclusively with
their CPC plants. In most cases the facilities were simple but effective, using domestic fridges,

freezers and storage jars. The National Arboretum, Washington, however, being a nominated

Government establishment responsible for national germplasm storage had considerably more

sophisticated equipment and the range of species stored was much greater and included, primarily,
food crops. It was interesting to note the seed enhancement project at the University of California
Botanic Garden at Berkeley, even though it was not a suitable time of year to see much growing.
Under this scheme seed of endangered species is bulked up in growing boxes that can be covered

with fine mesh to inhibit intrusion by cross pollinating insects.

9. Inventory and monitoring. Inventory involves listing plant species present in a defined

region at one period in time. Monitoring involves recording the status of individual species or
habitats over certain time periods, typically to record increases or decreases in numbers within

populations. Inventories in particular, have been one of the major roles of botanic gardens for many

years. However, they were not done with conservation in mind but as part of on-going taxonomic

research. Now that various agencies require inventories of particular regions for conservation

purposes staff in botanic gardens are probably the best suited to do this type of work. Additionally,
while staff in other agencies, or even volunteers, might be competent to undertake many inventories,
botanic garden staff are often requested to look at the 'critical species'. The results of inventory work
contribute to almost all aspects of conservation as it is vital to know what exists within an area before

conservation measures can be drawn up.

Monitoring is less of a botanic garden speciality although most staff would be competent to do
the work. Monitoring, which is often used to check the impact of an activity on a population of

plants, is more the preserve of conservation agencies. Part of the remit of the Scottish Rare Plant

Project (see Case Studies 6.10 and 6.14), which is based at RBGE, is to monitor certain species.
While the staff are capable of doing the work it is not part of RBGE's core research and the work is

paid for by a conservation agency- in this case Scottish Natural Heritage.

CASE STUDY 6.16. SCOTTISH RARE PLANT PROJECT (SRPP): RBGE

RBGE has had a long historical involvement with the Scottish flora, both in biodiversity surveys of
important habitats and in taxonomic studies, particularly of ferns, lichens, bryophytes and fungi.
However, the SRPP, which is funded by Scottish Natural Heritage, but located and managed at
RBGE, is the fust conservation-orientated project on Scottish plants undertaken at RBGE.

Launched in December 1991, the objects of the project are twofold: Monitoring and Recovery of rare
plant populations:

Case study 6.16 continued overleaf
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i. Monitoring Objectives-
* To establish a base-line for monitoring populations of all the Schedule 8 (of the Wildflife and
Countryside Act 1991) species represented in Scotland, a) to determine the status of populations in
relation to the Act and, b) as an informed basis for the management of these species.
* To do likewise for red-data book plants, which, because of the changes in the environment, may
need to be considered as additions to the schedule or may require radical changes in conservation
management.
* To devise appropriate methods for recording numbers of plants and their distribution which take
account of required minimum standards and which allow changes to be monitored accurately and
quantitatively.
* To plan a monitoring programme for Schedule 8 and red-data book species, indicating priorities,
options, and costs.
* To consider the requirements of non-vascular plants so that they will ultimately be covered by the
programme.

ii. Recovery Objectives-
* To assess the recommendations of the Recovery Programme for Schedule 8 species.
* To consider the possible requirements for the recovery of red-data book plants.
* To ensure that (insofar as this can be achieved without the threat to populations) there is a
complete seed-bank for Scottish material of schedule 8 and red-data book species.
* Material of Schedule 8 and red-data book plants will be grown in cultivation, to increase the stock
of seed, to determine the requirements for germination and establishment, and to provide plants for
possible transplanting to the wild.
* To consider the desirability, and if appropriate, to undertake limited trials of re-introducing
artificially raised plants into the wild, either in the sites of existing populations, or sites where the
plants are known to have died out.
* To consider the measures which might be undertaken on the recovery of non-vascular plants.

Proposed outputs from the Project
* Data. As much as possible of the data output should eventually take the form of a computer
database. There is already a NCC computer database for rare plant records from England, Wales and
Scotland, now held by the Joint Nature Conservation Committee (JNCC) in Peterborough. It will be
necessary either to use a version of an existing data storage system or to create a new system, as
appropriate. It is important that any new database should be compatible with databases for England
and Wales.

The monitoring will produce two fields of information: a general dossier for each species, and one
giving details of each population. The former will include (i) past and present status, including
reasons for changes in status at individual localities, (ii) ecology and (iii) information on propagation
and cultivation. The second must be able to accommodate records from quadrats or transects and will
include details of plant performance and habitat changes for each population.
* An annual monitoring programme containing a list of priorities and a timetable, and appropriate
monitoring methodology if known.
* A seedbank. This may not be completed during the first stage of the project, but the facility will be
prepared and the method of collection established.
* Cultivation. A plan should be prepared for the cultivation of rare plants at RBGE, both for possible
reintroduction and for publicity and education. It would be expected that some species would be
established in cultivation during the first two years of the project.
* Reintroduction. A plan should be prepared for a possible reintroduction programme. This should
be very cautiously considered. It is unlikely that reintroduction to the wild would form a significant
part of the first two years' work. (Lychnis viscaria was reintroduced into a site in 1993 - see case

study 6.10). An arrangement must be made for an indestructible record to be kept of any
reintroductions and for subsequentmonitoring.
* Reports. There should be one or more reports or papers to record and explain the development of
the project and to publicise its objectives and achievements.

Case study 6.16 continued overleaf
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* Publicity/education. The project will be used to promote the knowledge and appreciation of the
Scottish flora, to as wide an audience as possible, for example by press publicity, public lecturing,
liaising with and lecturing to societies and conservation bodies, books, pamphlets etc., horticultural
work including a Rare Plant Trail at RBGE with associated informative labels and leaflets.
Figs. 6.27 & 6.28 show monitoring taking place.

Fig. 6.27. Monitoring populations ofLychnis
viscaria, (RBGE).

Fig. 6.28. Inventory of plants of the
Tsodilo Hills, Botswana (RBGE).

None of the questions in the questionnaire related directly to inventory or monitoring. In the

study tour interviews when asked about the ways in which botanic gardens could best support
conservation only one garden, in the USA, mentioned the topic. This is surprising considering its

importance and the amount of this work carried out by botanic gardens in general. It could, however,
have been the case that interviewees were thinking only in terms of the use of live plant collections
and it is certainly true that even though inventory and monitoring is an important botanic garden
function and an important conservation activity, it does not really involve the live plant collections
much. For this reason also, there is no list of a small selection of botanic gardens that carry out

inventory or monitoring work.

10. Micropropagation, tissue culture, in vitro conservation and cryopreservation. These
are rapidly developing techniques which have as much relevance to commercial horticulture and

physiological research as to conservation. However, they are playing an increasingly important role
in conservation for, for example, those species with recalcitrant seeds or other species which are

difficult to propagate or from which there is little material to propagate.

The term tissue culture and in vitro culture are used rather widely to refer to all types of

culture of plant fragments, from whatever origin, in aseptic controlled conditions. There are,

however, a number of distinguishable types from various cultures of plant origins:
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i Organ cultures- arising from plant organs such as stem-tips, buds, leaves, parts of flowers or

root tips;
ii Meristem cultures- arising from excised meristems;
iii Cell cultures- originating from isolated single cells or very small clusters of cells and

usually grown in liquid media, and,
iv Protoplast cultures- cultures of cells from which the rigid cellulose cell wall has been
removed.

These can really all be considered as sophisticated forms of vegetative propagation leading to

the production of clones of theoretically identical individuals. This of course is not particularly
desirable from a conservation point of view because genetic diversity is usually the aim. However,
these techniques are particularly applicable in 'problem' situations where no other techniques are

available and provide a sort of 'last resort' in which case worries about genetic diversity are less of a

priority than sheer survival. The first two mentioned, those cultures originating from plant organs or

from excised, isolated meristems are ofmost interest for the propagation of plants for the needs of

conservation. The others, which are rather more difficult and laborious, are currently perhaps more

applicable to the field of genetic engineering and cell physiology but may well in the future, lead to

the development of new means of long-term storage of plant genetic diversity at low temperatures.

There is, however, a second field where tissue culture can be of considerable importance to the

conservation of endangered species. This is the long-tenn storage of plant germplasm, but different
to seed banking mentioned above, because this method is often used for those recalcitrant species
which cannot be conserved in seed banks. The totipotency of plant cells means that the long-term

storage of plant tissues followed by regeneration of whole plants is a potentially viable means of

achieving germ-plasm conservation. There are three basic methods available for the long-term

storage of cultures:
i Normal tissue-culture, maintaining the tissue as an undifferentiated explant or callus by

repeated cloning and regular transfer to a new medium;

ii By means of minimum growth cultures using growth inhibitors and low temperature, and
iii Cryopreservation or preservation at very low temperatures such as that of liquid nitrogen (-

196°C).
Of these, maintaining tissue in normal culture over long periods of tune, though possible, is

very laborious and involves a great deal of subculmring. In addition, serious problems of genetic

stability and high mutation rates may rise. Minimum growth cultures, which require much less

physical manipulation and are genetically more stable, are potentially more appropriate to long-term

conservation of germplasm.

Probably the most interesting, however, for the preservation of germplasm of endangered wild

species, is cryopreservation. Once the material is stored, the manipulation required is minimal and,
as cell division ceases almost totally, there a is very high level of genetic stability. Cryopreservation
has great potential but technically for plant tissue, it is still very much in its infancy and is probably
not being used at this moment as a serious long-term conservation technique for endangered species
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of plants. The main problem is due to the damage caused to cells by the formation of ice crystals

during the freezing process. Research is currently indicating that there are two possible solutions to

this; rapid freezing and step-by-step freezing. Animal cells have been preserved at the temperature of

liquid nitrogen (~196°C) for over 20 years and have maintained their viability, and it should be

possible to obtain similar results with plant cells once the problems of freezing injury have been

overcome. The technique therefore offers very exciting possibilities for the years ahead. At present

however, tissue culture, rather than cryopreservation is at the limit ofmost botanic gardens' ability

and so the case studies below only cover examples of this rather than ofcryopreservation.

Fig. 6.29. Micropropagation techniques are playing an increasingly important role in plant conservation.

CASE STUDY 6.15. TISSUE CULTURE OF Senecio hadrosomus AT JARDIN BOTANICO
"VIERA Y CLAVUO", LAS PALMAS DE GRAN CANARIA

This plant was first discovered in 1947 and even at that time only two plants were seen on the cliffs
at Tenteniguada in the central region of Gran Canaria. In 1977 it was reported as probably extinct,
though it was actually still in existence- just. Its state was so precarious that it was declared one of
the twelve most endangered plant species by IUCN.

The species is of special interest because it forms part of the natural gene-pool of the Florist's
Cineraria, a plant of hybrid origin based mainly on Senecio cruentus and S. heritieri but with genetic
material of S. webbii also incorporated. The Florist's Cineraria is an important commercial plant
which in Europe and the United States is part of the horticultural pot-plant industry. Senecio

Case study 6.15 continued overleaf
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hadrosomus could possibly make an important contribution to plant breeding and improvement on
the Cineraria because it has the largest natural inflorescence in the group and is very tolerant of
extreme conditions.

The species, in its natural habitat, faces several problems. It has a very low seed fertility possibly due
to genetic erosion and any seed formed are parasitized by the larvae of a small dipteran
Oedosphenella canariensis. Approximately 53% of flower heads examined in the natural population
in 1985 by staff at the Garden were parasitized and in the other 47%, 75% of the seeds were sterile,
and without embryos and only 25% were potentially viable. In a sample of 550 seeds even using
giberellic acid treatment and various photoperiods and temperatures, germination was practically
zero.

Because of the extremely endangered status of this species IUCN/WWF supported a project for a
series of activities designed to help prevent its extinction. Amongst these activities tissue culture was
seen as an important technique because of the problems outlined above.

Young, apical meristems were found to be the most successful explant material but many other
problems such as sterilisation technique and the elimination of phenolic compounds had to be
overcome before successful cultures could be established. However, these problems were eventually
solved and in February 1986 a small number of plants were experimentally reintroduced into the
natural habitat and over 50% of these are reported to have survived.

CASE STUDY 6.16. IN VITRO CULTIVATION OF EUROPEAN TERRESTRIAL
ORCHIDS: RBG KEW

European terrestrial orchids have long had a reputation for being difficult to grow in cultivation, and
in addition, many species are extremely rare over at least part of their range. The project at Kew,
begun in 1983, was originally modelled on that being carried out at the Australian National Botanic
Garden, Canberra, in which a number of endangered terrestrial Australian orchids had been
successfully propagated and returned to the wild.

The project had two aims:
i. The development of methods of bulk propagation of a range of European orchids using symbiotic
and/or asymbiotic techniques. The final object of this part of the project is to produce enough plants
to be planted out in nature reserves etc., as a means of assessing the techniques for their value in
conservation.
ii. The use of techniques developed in i for the propagation from seed of some of the rarest species of
British orchids.
Plants of Orchis coriophora ssp.fragrans, 0. laxiflora, 0. monroi, 0. sancta, Dactylorrhiza elata,
D. praetermissa, Serapias lingua, S. parviflora and S. vomeraceae have been successfully grown
from seed in vitro and seedlings of some species have been successfully transferred to pot culture.
Sufficient numbers of these orchids have now been produced to allow planting trials to take place
within Nature Reserves but the outcome of these plantings is not yet known.

Of the rare tuberous British species, Orchis militaris, 0. simia, Himantoglossum hircinum and
Ophrys sphegodes have reached the protocorm and young seedling stage of development in vitro. Of
the rare British rhizomatous species only Cypripedium calceolus has been worked on, and
protocorms have been produced in vitro using the asymbiotic method from British seed.

It would appear, therefore, that these methods have potential to be used in the conservation of
European orchids. Although some species have not responded well, as yet, with the symbiotic
method, this is due to the fact that a suitable, compatible fungal strain has not yet been isolated for
these species.

Tissue culture and cryopreservation were not mentioned in the questionnaire. Additionally,

tissue culture was not mentioned during the study tour interviews. Tissue culture, at least, is
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becoming an increasingly important botanic garden technique and virtually all the major gardens

have a micropropagation unit. The foundation of Botanic Garden Micropropagation News in June

1990 gives testament to the importance placed on this technique by botanic garden staff. Tissue

culture labs were observed in only one botanic garden during the study tours (even though they were

known to have existed in a number of others)- that at the University of Bangalore (Coimbatore)

where it was really part of the horticulture department and used for floriculture rather than being part

of the botanic garden. Other examples of botanicgardens with micropropagation facilities include

Melbourne, Mount Annan, Meise, Nancy, Gothenberg and Longwood.

11. Integrated strategies and collaboration. It has long been acknowledged that the best

way to conserve native plants is through conservation of their habitats. Although habitat

conservation, which is described above and includes site protection, habitat management, and

ongoing monitoring and research, is both the goal and the primary method of conservation, it is not

always technically or financially feasible. As a result a new method termed 'integrated conservation'
has emerged. The method is integrated because it combines in situ habitat management and
restoration with ex situ seed banking, propagation or research. Using this approach, for instance,

plants in crisis are identified by botanists and habitat managers. Seeds are then collected for seed

banking, propagation and cultivation in botanic gardens. Seed banks serve as an insurance policy

against catastrophe that might destroy remaining natural populations, while ex situ cultivation helps
determine the plants' cultivation needs. The knowledge gained from these experiments is then

disseminated to habitat managers, who use this information to strengthen and stabilise the

population under their care, thus completing the cycle of conservation. On an experimental basis this

technique could also provide propagules for augmentation of existing populations, re-introduction to

historical sites, and, at the extreme, the introduction of populations to new sites. This approach to

conservation not only pools current approaches to conservation but also integrates the resources and

staff abilities of different institutions. This combination of techniques and institutions is currently

becoming very popular and the implications for botanic gardens are great because they are inevitably

one of the institutions needed.

It is noteworthy that the approach advocated by the Botanic Gardens Conservation Strategy is
also the adoption of an integrated approach to conservation in the sense that the techniques to be

applied should be the most appropriate to the particular circumstances (IUCN/BGCS, 1989; Falk,

1990). When applied at the species level and below, such an integrated approach involves an analysis
of three principal components:

- definition of the biological target (species, population, ecotype, chemical or ecological

variant, gene allele),
- identification of the threat or threats to the target group, and,
- organisation of the appropriate spectrum of conservation tools and resources that may be

applied.
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As Falk (1990) notes, the use of a wide range of conservation methods is dictated largely by

the diversity in objects of conservation and threats they encounter. Conservation philosophy has
moved on from the rather casual approach of earlier decades towards an acceptance of a much more

interventionist approach on the one hand, and acceptance of the broader range of options and

techniques for conservation that are now available on the other hand. It has to be accepted that few

large areas of intact vegetation are likely to remain in the future, apart from those protected areas

that can be maintained and managed effectively. Most conservation will have to be undertaken

outside protected areas and often in smaller, frequently fragmented pieces of vegetation, in secondary

communities, or in landscapes modified to a greater or lesser degree by human activity. In vegetation

fragments or islands, the populations of plant species represented will inevitably be reduced in size,
often to critical levels or those facing imminent extinction. In such circumstances it would be

foolhardy not to supplement in situ conservation measures with ex situ cultivation and multiplication.
As integrated approaches involve the adoption of a spectrum of conservation techniques so

botanic gardens, government agencies, universities and specialist research institutes are collaborating
more and more in order to conserve plants and habitats. It is unlikely that each institution would

have the necessary resources and expertise needed to undertake the whole range of activities and so

the collaborative approach, where resources and expertise are pooled, is becoming increasingly

popular. Botanic gardens are often considered as necessary partners and many are now involved in

collaborative conservation using integrated techniques.

Case Studies 6.17 presents an example of an integrated approach to conservation, at a botanic

garden in Mexico, Case Study 6.18 describes an integrated strategy in western Australia and Case

Study 6.19 presents an example of collaboration in the Galapagos Islands.

CASE STUDY 6.17. AN INTEGRATED CONSERVATION STRATEGY FOR THE CYCAD
Dioon edule; JARDIN BOTANICO 'FRANCISCO J. CLAVUERO', XALAPA, MEXICO

Habitat destruction, illegal collecting, inefficient legislation and lack of enforcement personnel are
contributing to the disappearance of populations of cycads in Mexico. A cycad export census based
on IUCN and WWF data shows that over 130,000 cycads were exported out of Mexico during the
period 1977 to 1982 (Gilbert, 1984) and during the period 1983 to 1989 over 382,000 cycads have
been removed (Oldfield, 1991). One person was allowed to export 2 tons of Zamia furfuraceae
during 1986. This species has been largely eliminated from most of its former range in southern
Veracruz.

There are about 150 species of cycad world-wide with 35 species recorded for Mexico distributed
amongst three genera: Ceratozamia, Dioon and Zamia. At least 75% of the Mexican species are
endemic which makes Mexico an important centre of diversity for the neotropical cycads. The
management of the Jardin Botanico consider that an important function of a regional botanic garden
such as theirs is to promote the in situ protection and conservation of local endangered species by
working closely with the farming communities that are situated in or near natural habitats. The
Jardin Botanico 'Francisco Javier Clavijero' has been committed to the conservation of endangered
plants and since its foundation in 1977 has built up a comprehensive collection of Mexican cycads
which is considered a national collection. The Jardin is now an important centre for research on

cycad systematics and conservation in Mexico.

Case study 6.17 continued overleaf

352



The integrated strategy adopted by the Jardin includes research on cycad reproductive biology and
ecology as it would, for instance, be futile to propagate cycads in botanic gardens with the aim of
reintroducing them into the wild without ensuring the conservation of the specific pollinators. The
second component involves horticultural production. At present, due to their slow growth, there is a

premium on large cycads which, of course, are most easily (and cheaply) obtained from the wild. The
Jardin is attempting to find ways of producing large numbers of mature-sized cycads as quickly as
possible in order to take the pressure off wild populations. This is being done in two ways: first, 'high
tech' research in botanic gardens in conjunction with the nursery trade and, second, an 'alternative
technology' approach appropriate for peasant farmers. The third part of the strategy has involved the
farmers joining together to put aside land which is useless for agriculture but important for the in situ
conservation of cycads; they have also put aside a small amount of land for a nursery. The farmers
themselves are now highly protective of the land and report to the authorities any illegal removal of
cycads.

In summary this integrated strategy involves ex situ conservation, research, horticultural production
and in situ protection,

CASE STUDY 6.18. INTEGRATED CONSERVATION STRATEGY FOR WESTERN
AUSTRALIAN PLANTS: KINGS PARK AND BOTANIC GARDEN, WESTERN
AUSTRALIA

Four percent of the Australian flora is rare and endangered with over 100 taxa already presumed
extinct. Western Australia contains a large proportion of the endangered flora of Australia with 238
taxa in a critical state of conservation and 70 species presumed extinct. Kings Park and Botanic
Garden in south-west Australia is responsible for developing specialised collections of rare and
endangered indigenous flora. Macro and micropropagation procedures are used including
conventional cuttings and seed propagation, grafting and in the in situ programme, whole seeds
(asymbiotic and symbiotic germination), excised seed embryos, shoot apices and inflorescence
sections. Wherever possible explants are collected from major provenances of the species and a wide
cross section of a species' population. Although many of the rare flora ofWestern Australia are now
in the ex situ collection maintained by Kings Park and Botanic Garden attempts are being made to
develop slow growth storage for in vitro cultures and cryostorage. Trial recovery programmes have
commenced with a number of species including the rare and endangered Purdie's donkey orchid
(Diuris purdiei). Results of these recovery programmes will guide future efforts in conserving and
recovering rare Australian species.

CASE STUDY 6.19. COLLABORATION IN EX SITU CONSERVATION FOR THE
GALAPAGOS ISLANDS; GALAPAGOS NATIONAL PARK SERVICE (GNPS), CHARLES
DARWIN FOUNDATION FOR THE GALAPAGOS ISLES (CDRS) AND THE UNIVERSITY
OF COPENHAGEN BOTANIC GARDEN

One important part in the long term plant conservation efforts in the GaMpagos Islands is the
development of an ex situ programme for threatened plants, to complement the ongoing and planned
in situ activities. Following discussions with relevant parties a programme for ex situ conservation
has been proposed by the University of Copenhagen. The aim is to careful select, together with
GNPS and the CDRS, target species for ex situ conservation, and conserve them in the new seed and
genebank at the Botanic Garden, University of Copenhagen. Some of the endangered Galapagos taxa
are close to extinction and occur in very low numbers. For example, some of the Scalesias are
reduced to populations of 50 individuals or less, and are still subjected to goat grazing so their
continued survival in the wild is very doubtful. Such species may be conserved ex situ outside the
Galdpagos, and cultivated or propagated by modem micropropagation techniques, so that a stock
would be available for re-introduction by GNPS and CDRS once this is considered desirable and
possible.

Case study 6.19 continued overleaf
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The ex situ programme is a last insurance against extinction, but at the same time as acutely
threatened species are saved and made available for scientific purposes, as well as for reintroduction
and reforestation schemes in the Galdpagos. The programme will generate a body of new knowledge,
relevant and applicable to in situ conservation activities in the islands.

Integrated strategies and collaboration formed no part of the questionnaire but were

mentioned frequently in the study tour interviews, especially in the USA. When asked about the

ways that botanic gardens could best support conservation 11 gardens in the USA mentioned
collaboration with other institutions while 4 mentioned collaboration with local conservation groups.

No staff in European or Indian/Sri Lankan botanic gardens mentioned collaboration. Integrated

strategies were not mentioned at all.
Few examples of either integrated strategies or collaboration were seen during the study tours.

Perhaps the best examples seen involved Participating Institutions of the CPC programme. Gardens
collaborated with the parent organisation, with each other and usually also with local conservation

organisations. Also, many of the programmes were integrated involving seed banking, ex situ
cultivation and advice to in situ managers.

A small selection of botanic gardens involved in either integrated strategies or collaboration
include: RBGE and Mexico, with the conservation of conifers, RBG, Kew and St Helena for the re-

introduction of the latter's native plants, Nancy BG for the conservation of the plants of Reunion
12. Biodiversity on its own is certainly not a conservation technique. However, the word is

used so frequently now, and usually in the context of the conservation of biodiversity, that it warrants
brief description.

The term 'Biological diversity' has a long history of usage in a variety of contexts, but the start
of its rise in the current sense can be traced to three publications which appeared in 1980: Lovejoy

(1980) did not provide a formal definition but used it essentially in the sense of the number of species

present, and Norse and McManus (1980) employed it to include 'two related concepts: genetic

diversity and ecological diversity'. The latter authors equated ecological diversity with species

richness, 'the number of species in a community of organisms'. There were various usages in the
United States in the early 1980s, mainly in connection with conferences with which Elliot Norse or

his colleagues were involved, most notably the U.S. Strategy Conference on Biological Diversity in
November 1981 (U.S. Department of State, 1982). However, it was Norse el al (1986) who expanded
this usage to refer especially to biological diversity at three levels; genetic (within species), species

(species numbers) and ecological (community) diversity.
The contracted form 'biodiversity' was coined by Walter G. Rosen in 1985 for the first

planning conference of what was to be a key meeting, the 'National Forum on Biodiversity', which
convened in Washington, D.C. in September 1986. The proceedings of that forum, edited by Wilson

(1988) under the title Biodiversity, launched the word into general use. The term was defined only in
as far as it 'represents, as well as any term can, the vast array of topics and perspectives covered

during the Washington forum'. The word 'biodiversity' first appears in the Biological Abstracts
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'BIOSIS' database in 1988 with four references, and by the end of April 1994 that number has

escalated to 888 (Harper and Hawksworth, 1994).
For practical purposes, 'biodiversity' can be considered synonymous with 'biological diversity'

as defined by Norse et al (1986). This is reinforced by the official definition in Article 2 of the

'Convention on Biological Diversity', signed by 156 nations and the European Community at the

United Nations Conference on the Environment and Development, 'The Earth Summit' in 1992

which closely mirrors the concept of Norse at al (UNEP, 1992):

"'Biological Diversity' means the variability among living organisms from all sources

including, inter alia, terrestrial, marine and other aquatic systems and the ecological

complexes of which they are part; this includes diversity within species, between species and
of ecosystems".

13. The Convention on International Trade in Endangered Species (CITES) is also not a
conservation technique in itself, but rather a convention that monitors and controls international

trade in vulnerable and endangered plants and animals. CITES came into force in 1975 and has now

been ratified by 113 countries. The Convention establishes the international framework for

monitoring and control, providing the legal basis for co-operation between producer and consumer.

Such co-operation is essential for the conservation of species traded from the wild and botanic

gardens play an important role for plants by advising on new legislation and acting as sources of

information.

The Convention operates by means of a licensing system. At the core of the Convention are

three appendices- in effect three species lists. Appendix I includes those species of plants (and

animals) in which, with a few exceptions, trade in wild species is prohibited. (Trade in this context is

defined as the movement of plant material from country to country, even if no money changes hand).
International trade is allowed, subject to licensing, in artificially propagated (or captive bred)

specimens of plants (and animals). Appendix II includes those species whose survival is not yet
threatened but may become so. Here trade is allowed in both wild and artificially propagated

specimens- subject to licensing. Appendix III acts as a support mechanism to domestic legislation,

where countries ask other parties to monitor trade in taxa not listed in Appendix I or II. In the

European Community CITES is implemented by means ofEuropean Community Regulations which
are stricter than the basic Convention, requiring import licences for all CITES material.

CITES is a powerful tool in reducing trade in rare, threatened or endangered species and
therefore in preventing their removal from the wild. In this context it can be viewed as a

conservation technique and since many botanic gardens are involved with CITES so it is reasonable
for it to be included in this account. RBG Kew, for instance, is the U.K. CITES Scientific Authority

for plants, other botanic garden roles include the following:
- help to customs officials in identifying suspect plants,
- acceptance and quarantine of confiscated plants; botanic gardens may therefore become

involved in the maintenance (and therefore conservation) of rare, threatened or

endangered species,
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- virtually all botanic gardens that have herbaria loan material to others and therefore have

to abide by CITES legislation,
- CITES is also a prime area for public education and co-operation between botanic

gardens.

6.5. The need for, and uses of, plants collections to support conservation in botanic gardens,
with particular reference to live plant collections

Of the twelve types of botanic garden conservation described above seven rely partly or wholly

on live plant collections. These were education, ex situ conservation, conservation research, re-

introduction, horticulture, gene banks and integrated strategies.
It is a great bonus for education staff to be able to show the public living examples or rare,

threatened or endangered plants. It is even more dramatic to be able to show them living examples of

plants that are extinct in the wild. This holds true for all types of botanic garden education, from

primary school groups to university students and from public lectures to interpretative displays.
These plants make excellent 'props' around which explanations of exploitation, genetic isolation or

conservation can be told. Illustrations or models are simply not as good as 'the real thing' and in this

sense live plant collections of such plants make a very real contribution to education in botanic

gardens. In addition, the problems of genetic diversity and numbers of individuals, that are such a

problem in other areas (see later), are not of so much concern in education. The only other point that

should be made, perhaps, is that botanic gardens do not make enough of the rare, threatened or

endangered plants they hold; many are held in areas closed to the public and are seldom put out on

display. The reason for this is probably lack of thought or imagination as much as the possible

security risk that is often quoted as the reason.

Ex situ conservation means the holding ofmaterial out with its natural environment and is

obviously one of the major ways in which botanic gardens support conservation.All live plant
material held in botanic gardens may be described as ex situ collections and as this thesis has already

demonstrated, they are held for an enormous number of reasons. However, the context of this chapter
is conservation and so the following account deals only with ex situ collections of conservation

plants. Reference has already been made to fact that such collections are seldom methodically

acquired, but have usually been amassed in a rather ad hoc fashion (this is discussed in more detail

in Chapter 8). The main point is that such collections can be thought of as active or passive. Active
ex situ conservation collections would be those that are being used for specific purposes such as

education, research or re-introduction. In many cases they would have been collected specifically for

such purposes and would therefore have the necessary requirements in terms of numbers, location

documentation and genetic representation. Passive collections would be those plants which have been

amassed over time for no particular purpose, or have been collected on expeditions for taxonomic

research which has now finished or were collected without knowledge of their conservation status.

Most botanic gardens have a number of these plants (RBGE has 1,130, 13 of which are extinct in the

wild) but don't necessarily know what to do with them, hence the useful, but rather meaningless,
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phrase 'protective custody'. They fall into the same category as many of the research plants described

in Chapter 4 in that they are not being used, but still represent an important resource that someone

may need in the future. Botanic garden managers may worry about the worth, and cost, of such

collections but the reality is that they have to live with this as holding such plants is now part of the
function of botanic gardens. However, there is no doubt that such collections could be rationalised

and suggestions for this are made in Chapter 8.
It can be argued that conservation research is best done in situ rather than in the artificial

surroundings of a glasshouse or laboratory. While this may be true of much conservation research

there are many instances where this would be impractical and in these cases live plant collections
within botanic gardens make an excellent resource for such research. As mentioned in the preceding

section, conservation research is one of the most legitimate areas of activity for botanic gardens and

therefore the cultivation of plants for this research must certainly be one of the most important uses
of the live plant collections. In most cases plant material would be amassed specifically for a project
and the research would be carried out in a non-public glasshouse. Occasionally, however, where

plant material is difficult to obtain from the wild gardens would try to obtain the material from the

live plant collections of other gardens. RBG Kew, for instance, recently sent letters to many leading
botanic gardens asking for material for conservation research. This shows the need for collections to

be well labelled, documented and curated even if there seems little reason for material to be

cultivated at the present time.
Re-introduction is considered the ultimate use of ex situ conservation collections but to be of

real use collections have to be genetically representative and must consist ofmore than just one or
two individuals. This point has already been made and is discussed again in more detail in Chapter
8. Re-introductions are one of the most exciting activities emanating from botanic gardens at present

and they demonstrate excellently the value of live plant collections. When done methodically and
with the necessary scientific back-up they demonstrate that there can be no better agencies for this

type of work than botanic gardens. Additionally, they provide an activity where both the scientific

and horticultural staff can combine their resources and efforts in a mutually advantageous way.

Cultivating plants for eventual re-introductions can be a long term venture, however, and the

challenge is to ensure that the plants are held in a satisfactory condition until they are needed.

Horticulture, of course, is the activity of growing plants and is therefore central to live plant
collections. It is important to reiterate the fact that the needs of conservation collections can be

slightly different to those of other collections and that skilled staff, with an appreciation of

conservation, are needed to maintain the collections. It is also worth reiterating the fact that
horticulturists are needed for conservation and that some of the most skilled people in this respect
work in botanic gardens. The diversity of live plant collections in botanic gardens provide the

necessary forum in which these staff can be trained and can develop their skills so it would be true to

say that while live plant collections need skilled horticulturists, skilled horticulturists also need live

plant collections in which to develop their skills.
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While genebanks, in ihe fonn of seed banks, are concerned with living material they do not

deal with the same type of live plant collection that is being discussed in this part and are therefore

not mentioned here. The only point that can be made is that seed from material held in live plant

collections may have a use for seed banks or other purposes so long as the plants are grown in
isolation and precautions from cross pollination from other species avoided. It should also be said
that one of the criticisms ofmany botanic garden collections is that they have been made up from

seed distributed from other botanic gardens. Many plants are therefore of hybrid origin and would

not be suitable for, say, re-introduction. While plants gained in this way from other collections are

suitable for education and display they are best avoided if possible.

Integrated strategies involve a number of complementary conservation techniques, including
the use of ex situ live plant collections. However, the use of ex situ collections have already been

discussed and are therefore not restated here.

This section has demonstrated that the live plant collections form an essential and integral

part of botanic garden conservation activities.

6.6. Results and analysis of the conservation questions of Part 3 of the questionnaire
Introduction. Conservation was not given a part of its own in the questionnaire, but was

accommodated within Part 3 which was mostly devoted to the management of live plant collections.

Had the questionnaire been devised now, conservation would certainly have been given its own part-
such has been the rise of conservation work in botanic gardens over the last five years. The questions

covered here are: Q22a-d, which dealt with the emphasis given to certain types of plant; Q24, which

enquired about stated policies concerning the cultivation of rare, threatened or endangered plants;

Q25 which sought information on the extent to which plants were cultivated for certain purposes;

and Q26 which enquired about conservation activities linked to live plants.

Question 22. Within the live plant collections held by your garden, what sort of

emphasis do you try to give to the following?

Eight types of plant, some of which related to conservation, were offered and respondents
were asked to tick whether the sort of emphasis they gave to each situation was great, moderate or

little. Topical issues and situations were included such as genetic diversity and native endangered

plants, and it was hoped that this would give an idea of the types of plants being grown and the
seriousness given to each topic. Additionally, it would be interesting to cross tabulated the responses

with other questions, for instance to see if those gardens interested in genetic diversity were also
those ones that were government or university sponsored. Only those relating to conservation issues

are listed here (Q22a-d), the remaining ones are dealt with in Chapter 7.

Question 22a. Within the live plant collections held by your garden what sort of

emphasis is given to native endangered plants? The literature, and discussions with overseas
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visitors, suggested that Australia, N America and S Africa paid particular attention to this issue

while it was less important, but becoming increasingly popular, in Europe.

Summary of Q22a results: world figures. It appears from the figures that this is an

important issue with nearly half of the gardens (46.3% representing 359 gardens in the

questionnaire) indicating that they gave great emphasis to these plants. 27.3% (212) gave moderate

emphasis, 19.2% (149), less than a fifth, gave little emphasis. The 'great" and 'moderate' figures

combined, gave a result of 73.5%, almost three-quarters.

Summary of Q22a results: continental figures. The results show that Africa, Australasia

and S America (71.1%, 69.2% and 63.6%) respectively were above the average of 46.3% in the 'great

emphasis' category. Europe was lowest with 38.4%. In the 'moderate emphasis' category, no
continent was greatly above average but S America was low with a figure of 12.1% against the

average of 27.3%. In the 'little emphasis' category N America was highest and Europe was second

highest with 25.5% and 21.8% respectively against the average of 19.2%. Fig. 6.30 shows this

information diagrammatically.

NATIVE ENDANGERED PLANTS

Continent and Average
1^3 Great emphasis □ Moderate emphasis E3 Little emphasis

Fig. 6.30. Emphasis given to native endangered plants by botanic gardens; arranged by continent and
showing the average.

Because of the comments about Australia, S Africa and N America made in the introduction

to this question it was thought worthwhile to extract country-level information from the database.

The results from these, and a number of other countries, are compared in Table 6.1.
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Country Number /
%

Great emphasis Moderate emphasis Little emphasis

S Africa
/C

Number 4 3 1
% 50.0% 37.5% 12.5%

Mexico Number 7 2 3
% 58.3% 16.7% 25.0%

USA Number 57 34 31
% 42.9% 25.5% 23.3%

China Number 24 5 2

% 77.4% 16.1% 6.5%
Australia Number 23 7 2

% 65.7% 20.0% 5.7%
France Number 17 8 8

% 43.6% 20.5% 20.5%
Switzerland Number 8 3 1

% 53.3% 20.0% 6.7%
UK Number 6 16 11

% 18.2% 48.5% 33.3%

Table 6.1. Emphasis given to native endangered plants by botanic gardens in selected countries.

Analysis and discussion. European botanic gardens have traditionally been as interested, if

not more interested, in exotic floras than in their own. This was in part due to imperial history and

possibly partly also due, at least in NW Europe, to a modest native flora in terms of species number.
As conservation work is often an extension of floristic work in botanic gardens the same can

reasonably be said of the cultivation of native endangered species. In this context it is not surprising
to see Europe scoring poorly in this question but it is surprising to see N America scoring poorly.

Europe and Africa scored as expected but it was a surprise to see the high S American figure. This
can probably be explained by the fact that botanic gardens in these countries concentrate almost

entirely on their own flora, including the cultivation of native endangered ones, however it will be

interesting to see if this is borne out in Q22b. When taken down from the continent level to a

selection of countries, table 6.1 shows that China, in particular, put 'great emphasis' on native

endangered plants; Australia also had a high score, But S. Africa, at 50% was lower than expected.
The low figure for the UK (18.2% in the 'great emphasis' category) is particularly interesting, but not

unexpected.

Question 22b. Within the live plant collections held by your garden, what sort of

emphasis do you try to give to exotic endangered plants?

Summary of Q22b results: world figures. Almost 40% (39.8% representing 309 botanic

gardens in the questionnaire) put 'little emphasis' into exotic endangered plants. 27.8% (216

gardens) gave them 'moderate emphasis' and 19.8% (154) gave them 'great emphasis'. The combined

'great' and 'moderate emphasis' figure came to 47.6%, less then half, and more than 25% down from

the result of Q22a.

Summary of Q22b results: continent figures. The figures show that Africa, Asia and

Australasia were above average in the 'great emphasis' category with figures of 26.3%, 24.1% and

23.1% respectively; Europe was near to average (20.8%) and N and S America were below average

with 11.9% and 12.1% respectively. Conversely, then, as expected, these two continents were above
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average for 'little emphasis' with figures of 51.6% and 54.5% respectively. Australasia and Europe

were close to average (40.0% and 43.0% respectively) and Africa and Asia were below average with

21.1% and 24.7% respectively. Fig. 6.31 illustrates these trends and Table 6.2 again highlights the

results from specific countries- the same as those in Table 6.1.

EXOTIC ENDANGERED PLANTS
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Fig. 6.31. Emphasis given to exotic endangered plants by botanic gardens; arranged by continent and -

showing the average.

In the same way that Table 6.1 showed the emphasis given to native endangered plants by

selected countries, Table 6.2 does the same for exotic endangered species.

Country Number /
%

Great emphasis Moderate emphasis Little i

S Africa
/O

Number 0 2 5
% 0.0% 25.0% 62.5%

Mexico Number 4 1 7
% 33.3% 8.3% 58.3%

USA Number 15 40 65
% 11.3% 30.1% 48.9%

China Number 12 18 0
% 38.7% 58.1% 0.0%

Australia Number 9 7 11
% 25.7% 20.0% 31.4%

France Number 12 8 12
% 30.8% 20.5% 30.8%

Switzerland Number 3 2 7
% 20.0% 13.3% 46.7%

UK Number 7 12 14
% 21.2% 36.4% 42.4%

Table 6.2. Emphasis given to exotic endangered plants by botanic gardens in selected countries.

50.00%

40.00%

30.00%

20.00%

10.00%

Africa N America S America Asia Australa. Europe Total
Continent and Average

Great emphasis □ Moderate emphasis fl3 Little emphasis
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Analysis and discussion. The averages corresponded extremely well with the results of Q22a;

botanic gardens placing 'great emphasis' on native endangered plants (46.3% from Q22a) which
would correspondingly tend to mean that they put a relatively high score on the 'little emphasis' box

for exotic endangered species (39.8% in Q22b). Likewise if they put 'little emphasis' into the former

(19.2% in Q22a) then they were likely not to put great emphasis into exotic endangered species

(19.8% in Q22b). In both questions 'moderate' were very similar, 27.3% in Q22a and 27.8% in

Q22b.

As before, it would be expected that in N America, S America, parts of Asia, Australasia and

Africa the general focus would be on native endangered species and so little interest would be shown

in exotic endangered species. This corollary is not necessarily exclusive however- a botanic garden

could be interested in both- however, it would be an expected trend. It was surprising that Africa had

such a great interest in exotic endangered species (26.3%) and no explanation can be thought of for

this (except perhaps for the number of S American display plants grown throughout the tropics), but
the lack of great interest from N and S America was to be expected. It had been expected that Europe
would score highly for the 'great interest' due to its previously explained colonial history and interest
in writing exotic floras, but the score was only marginally higher than average (20.8% against the

average of 19.8%). However, to reinforce this figure the score of 43.0% for 'little interest' was higher
than the average of 39.8%. The results from table 6.2 show a great shift in emphasis- all countries,

except for the UK, moved their emphasis towards the right of the table, in other words from 'great

emphasis' towards 'moderate' and 'little emphasis'.

Question 22c. Within the live plant collections held by your garden what sort of emphasis
do you try to give to genetic diversity?

In the past, most botanic gardens have tended to cultivate a few individuals ofmany species to

try and give as broad a representation of the world's "flora (or parts of it) as possible. More recently
there has been a realisation that in terms of conservation, especially if re-introduction programmes

are being considered, such collections are of little use and that, at least for those collections often
termed 'conservation collections', the genetic base needs to be as diverse as possible. With this in
mind many gardens have recently been trying to grow greater numbers of individuals within one

species.

Summary of Q22c results: world figures. The figures show that a quarter of botanic gardens

(25.9% representing 201 botanic gardens in the questionnaire) give genetic diversity 'great

emphasis', 31.8% give it 'moderate emphasis' and 30.4% little emphasis.

Summary of Q22c results: continent figures. Africa and S America were considerably above

average in the 'great emphasis' category (44.7% and 36.4% respectively); others were close to

average, and N America was lowest with 20.8%. Africa was consequently low in the 'little emphasis'

category, but S America was close to average along with all other continents except Europe which
scored highest in this category, (in other words, more botanic gardens in Europe put little emphasis
into genetic diversity than in other continents). Fig. 6.32 illustrates this information.
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Fig. 6.32. Emphasis given to genetic diversity by botanic gardens; arranged by continent and showing the
average.

Analysis and discussion. Due to the factors mentioned in the previous question it was to be

expected that Africa would score highly in the 'great emphasis' category but it was also expected that-
N America and Australasia would do likewise. While the Australasian figure was slightly above

average, the N American figure was the lowest of all continents (however, the moderate figure of
44.0% was highest of all). It would, like all questions in this questionnaire be interesting to ask this

question frequently through time, for instance, every 5-10 years, to gauge trends. It is almost certain

that interest in genetic diversity will increase in the future and that this will be reflected in the live

plant collections.

Question 22d. Within the live plant collections held by your garden what sort of

emphasis do you try to give to wild origin plants?
Plants of known wild origin are considered to be scientifically more important than those of

nursery or garden origin (usually described as of 'unknown origin') because they can be traced back

to a particular location or population in the wild. Additionally, field notes made by the collector are

usually available for such plants; this is one of the many aspects of scientifically orientated botanic

gardens that make them different from other gardens. Such gardens try to cultivate predominantly
wild origin plants as these are the ones needed by scientists (for more information on this topic see

Chapter 7). Many small or non-specialist botanic gardens pay little regard to origin, especially if they
do not employ research staff. It can, then, be regarded as an indicator of 'seriousness'. Many botanic

Average
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gardens have been increasingly keen to cultivate plants of known wild origin since the 1970s and

again it would be interesting to plot variation over time.

Summary of Q22d results: world figures. Almost half the gardens (48.7% representing 378
botanic gardens in the questionnaire) claimed that they put 'great emphasis' on cultivating wild

origin plants. 30.0% (representing 233 gardens) put 'moderate emphasis' on this and 14.2 (110) gave
it 'little emphasis'.

Summary of Q22d results; continent figures. European botanic gardens scored most highly
on this question (57.3% for 'great emphasis'); Africa, S America and Australasia were also above

average but N America and Asia were below average. Fig. 6.33. illustrates these trends.

WILD ORIGIN PLANTS

Africa N America S America Asia Australa. Europe Average
Continent and Average

^ Great emphasis CD Moderate emphasis ES3 Little emphasis

Fig. 633. Emphasis given to wild origin plants by botanic gardens; arranged by continent and showing
the average.

Analysis and discussion. Generally the results correlate well with Q4i which indicated those

continents whose botanic gardens stated taxonomic research as one of their three most important

policies. Those gardens concentrating on taxonomy would be expected also to manage their living
collections scientifically and therefore would be interested in wild origin plants. In Q4i Africa, S

America, Asia and Europe scored above average. In this question Africa, S America and Europe

scored above average. In Table 6.3 below the degree of emphasis is correlated with funding agency.

The figures show that more government and university funded gardens put 'great emphasis' into

cultivating wild origin plants than gardens funded by other agencies. When the 'great emphasis' and
'moderate emphasis' figures are combined the order is unaffected by the strong 'moderate influence'

showing for town council-funded gardens, but it brings them within 1% of university-funded

gardens.
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Funding Agency Number / Great emphasis Moderate emphasis Little emphasis
%

Government Number 115 59 23
% 58.4% 29.9% 11.7%

Town Council Number 47 35 16
% 47.6% 35.7% 16.3%

University Number 116 68 33
% 53.5% 31.3% 15.2%

Museum Number 2 1 1

% 50.)% 25.0% 25.0%
Endowment Number 23 10 12

% 51.1% 22.2% 26.4%
Public Support Number 17 16 6

% 43.6% 41.0% 15.4%
Other Number 33 30 15

% 42.3% 38.5% 19.2%

Table 6.3. Emphasis given to wild origin plants by botanic gardens in selected countries.

It was encouraging to see such a high percentage of gardens concentrating on wild origin

plants; although it cannot be proved, it is very likely that this figure has risen greatly in the last 25

years.

Questions 22e-h are not relevant to conservation and are discussed in Chapter 7.

Question 24. Do you have a stated policy on the cultivation of rare, threatened or

endangered plants? This was the first question in a series specifically about conservation measures.

Summary of Q24 results: world figures. The responses show an almost equal split; 48.5% of

botanic gardens do have such a policy (representing 374 botanic gardens in the questionnaire),

46.4% do not (representing 360 gardens). 5.4% (42 responses) did not answer.

Summary of Q24 responses: continent Figures. There was a wide variation in responses as

illustrated in Fig. 6.34. Africa was nearly double the world average for the 'Yes' response with a

figure of 84.2%. Asia and Australasia were also above average with 62.6% each. All other continents
were below average with N America lowest at 34.6%.

Tables 6.4 and 6.5 show the relationship between those gardens with such policies and their

funding agency and main policies.

Funding agency Number / % Yes No
Government Number 126 79

% 61.5% 38.5%
Town Council Number 42 54

% 43.8% 56.3%

University Number 90 127
% 41.5% 58.5%

Museum Number 1 5
% 16.7% 83.3%

Endowment Number 19 27

% 41.3% 58.7%
Public support Number 21 19

% 52.5% 47.5%

Other Number 41 41
% 50.0% 50.0%

Table 6.4. Number and percentage of botanic gardens with a statement on the conservation of rare,
threatened or endangered plants, correlated to funding agency. (Comments on table 6.4 appear at the end of the
Analysis and discussion).
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CONSERVATION PLANT POLICY
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Europe Average

Fig. 6.34. Percentage of botanic gardens with a stated policy on the cultivation of rare, threatened or

endangered plants: arranged by continent and showing the world average.

Major policies Number / % Yes No
Taxonomic research Number 119 95

% 55.6% 44.4%
Public education Number 214 240

% 47.1% 52.9%
Horticultural training Number 25 46

% 35.2% 64.8%
Provision of quality urban greenspace Number 68 102

% 40.0% 60.0%

Supply of plant material for Number 123 189

teaching/research
% 39.4% 60.6%

Horticultural trials Number 46 61
% 43.0% 57.0%

Conservation of native and/or exotic plants Number 260 178
% 59.4% 40.6%

Management of natural park Number 28 31
% 47.5% 52.5%

Other research Number 37 42
% 46.8% 53.2%

Other policies Number 19 44
% 30.2% 69.8%

Table 6.5. Number and percentage of botanic gardens with a statement on the conservation of
rare, threatened or endangered plants, correlated to major policies of botanic gardens.
(Comments on Table 6.5 appear at the end of the Analysis and discussion).

Analysis and discussion. It seems surprising that only half the world's botanic gardens have a

stated policy but it is likely that this position is changing rapidly (however it must be recognised that
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just because a botanic garden does not have a stated policy it does not necessarily mean that they do

not cultivate rare, threatened or endangered plants). It could be argued that those botanic gardens

with scores above average reflect national concerns about conservation, but it is then surprising that

both N America and S America have low scores.

The figures from Table 6.4 show that government-funded gardens are ahead in this respect-

probably because they are generally well funded, have the staff to do such things and, being

government-funded, are expected to have documents such as 'stated policies on conservation'.
Museum-funded gardens appear extraordinarily low in this respect. It is also interesting to note that

university-funded gardens have tended to be close to government-funded gardens in these types of

cross-referencing tables, but it is not so in this case. Table 6.5 shows expected results- those stating
'the conservation of native and/or exotic plants' scored highly, followed by those concentrating on

taxonomic research (which in turn are often government-funded). Gardens featuring horticultural

training were lowest in this respect.

Question 25. This question was split into two parts and, in retrospect, was badly worded. It

started by asking: If you cultivate rare, threatened or endangered plants, for what purposes do

you hold them?

Part i): If none were cultivated respondents were asked to indicate this by ticking the

appropriate box at the start of the table.

Summary of Q25 part i results: world figures. 12.6% (representing 98 botanic gardens in
the questionnaire) ticked the box indicating that they did not cultivate rare, threatened or endangered

plants. 87.4% (representing 678 responses) did not tick the box thereby indicating that they did

cultivate such plants. (This figure correlates well with the result from Q22a, which showed that

73.5% of botanic gardens gave either great or moderate emphasis to native endangered plants).

Summary of Q25 part i results: continent figures. Little variation from the average was

shown and the information has therefore been condensed into Footnote 6,6 .The responses are

illustrated in Fig. 6.35: there is no analysis and discussion at this stage.

Part ii). If such plants were cultivated respondents were asked to tick as many boxes as

appropriate in the following list of possible cultivation activities:

- For eventual re-introduction

- To provide protective custody
- To use in research

- To use for public education
- Other reasons, please specify.

6-6
S America was highest for the "None cultivated" response with 21.2% and N America was next with 16.4%. Otherwise

responses were within about 2% of average. The "0" response, indicating that the garden did cultivate these plants was obviously the
opposite of the 'None' response.
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Respondents not ticking Part i) above went forward to answer this question turd so each

response was calculated from a possible maximum of 678 gardens. Respondents could answer

positively to as many of the options as they wished.

CULTIVATION OF CONSERVATION PLANTS

Continent and Average
EZ2 None cultivated CD Cultivated

Fig. 6.35. Percentage of botanic gardens cultivating rare, threatened or endangered plants compared to
those not cultivating these plants; arranged by continent and showing the world average.

Summary of Q25 part ii results: world Figures. 47.1% (representing 319 botanic gardens

out of 678 in this case) responded that they grew these plants for eventual re-introduction; 63.9%

(433 responses) grew them for protective custody; 52.1 (353 responses) grew them for research;
68.1% (462 responses) grew them for public education and 5.9% (40 responses) grew them for other
reasons. A sample of these 'other' responses are as follows: 'Distribution to other botanic gardens'
was mentioned most frequently (6 times), 'Gene pool reserves' were mentioned twice as was 'Display'
and 'Help in teaching/education'; 'introduction to the nursery trade', 'propagation', 'exchange',

'statutory CITES work 'and 'political reasons' are a sample of 'other reasons' that were mentioned

only once. Fig. 6.36 illustrates these responses.

Summary of Q25 part ii responses: continent Figures.
i. For eventual re-introduction. Australasia was considerably higher than average with a

result of 70.7% (against the average of 47.1%); Africa was second highest with 57.9%. N America

was lowest with 38.3%. Other continents were within 5% of average. Fig. 6.37 illustrates these

results.
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REASONS FOR CULTIVATING CONS. PLANTS
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Fig. 6.36. Percentage botanic gardens cultivating rare, threatened or endangered plants for various
stated reasons; figures show the world average only.
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Fig. 6.37. Percentage of botanic gardens cultivating rare, threatened or endangered plants for re-
introduction; arranged by continent and showing the world average.
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ii. To provide protective custody. Australasia was again highest, but not as dramatically as

above, 77.6% against the average of 63.9%. Europe was lowest with 53.6%. Other continents were

within 3% of average. Fig. 6.38 illustrates the results.
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Fig. 6.38. Percentage of botanic gardens cultivating rare, threatened or endangered plants to provide
protective custody; arranged by continent and showing the world average.

iii. To use in research. Africa was highest with 63.2% against the world average of 52.1%. N
America and Europe were below average with scores of 43.6% and 45.6% respectively. Other
continents were above average, but within about 5%. Fig. 6.39 illustrates the results.
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Fig. 6.39. Percentage of botanic gardens cultivating rare, threatened or endangered plants to use in
research; arranged by continent and showing the world average.
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iv. To use for public education. Australasia was again highest with 81.0%, against the world

average of 68.1%. Asia and Africa were below average with 50.6% and 60.5% respectively. Other
continents were above average, but within about 4% of average. Fig. 6.40 illustrates the results.
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Fig. 6.40. Percentage of botanic gardens cultivating rare, threatened or endangered plants to use for
public education; arranged by continent and showing the world average.

v. Other reasons, please specify. Australasia was greatly above average with a result of

13.8%, against the world average of 5.9%. Other continents were within about 5% of average. The
Australasian 'Other' responses were not significantly different in content from all the other, 'Other'

responses, a sample of which are listed in the summary of world results. Fig. 6.41 illustrates the

results.
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Fig. 6.41. Percentage of botanic gardens cultivating rare, threatened or endangered plants to use for
'other reasons'; arranged by continent and showing the world average.
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Analysis and discussion. The first point that should be made is that this was a badly worded

question which became evident only at the stage of transferring the questionnaire responses onto the

computer database. However, oddly, no problems were raised at the piloting stage. Rather than

allowing those who did not cultivate conservation plants to opt out at the start by ticking the 'none
cultivated' box, it would have been better to have had a Yes/No response to each activity as was done

in Q26 and many other questions. Additionally, in retrospect it would have been better to

amalgamate Questions 25 and 26, however, the original intention was to separate cultivation
activities (Q25) which would be undertaken primarily by the garden side of the garden from the

general conservation activities (Q26) which would be undertaken by the institution in general. Such

a distinction served little purpose in reality and could have been split, if necessary, at the analysis

stage.

The results show Australasia scoring particularly highly in the question- in all cases they were

above average and in three cases (excluding 'other') they were highest. This bears out the seriousness

with which Australasian botanic regard conservation activities. Europe, on the other hand, was below

average on three occasions and only 1% above average on the fourth activity- public education. Other

continents do not show strong trends compared with average and are above and below average in

roughly equal numbers.

It is not surprising that 'for eventual re-introduction' is lowest- it is still in its infancy and

there are very few successful reintroduction programmes existing. Additionally, as has been shown

within section 6.4, guidelines are scarce and the issue is dogged with both political and moral issues.
The 'for research' response was surprisingly low at 52.1%. Research is often quoted as a valid

reason to hold such plants and generally scientists wish to investigate reproductive biology or test for
other reasons why the species might be becoming rare (if it is not for obvious reasons such as

agricultural encroachment). This was the one surprising result from this group. It was expected that

'to provide protective custody' and 'for public education' would be high- the former situation covers a

wide ranging situation- botanic garden often posses such plants for various historic reasons and feel
it would be unwise or insensitive to get rid of them. Despite not necessarily doing very much with
such plants it is convenient to say that one is providing 'protective custody'- in other words providing
care as an insurance against loss in the wild. The public and school children always like to see rare,

threatened or endangered plants and educators always like to have them available to show. Often

good stories about habitat loss can be told around the plant and it is nice to have several examples on

hand.

Question 26. This question continued the conservation theme but was not solely concerned

with what was being done with the live plant collections, it enquired about the general conservation

policies of the institution. The question was as follows: Is your Garden involved in any of the

following conservation-linked activities? Five options followed and respondents were asked to

respond on a Yes/No basis.

Question 26a. Do you contribute seed from expeditions to seed banks?
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Botanic gardens are responsible for mounting many, very costly, plant collecting expeditions.
These expeditions usually collect herbarium material, seed, and, possibly, other general or specialist
field data, such as ethnobotanical uses or ecological data. Most expeditions try to achieve as much as

possible within the constraints of the time, resources and capabilities to maximise the expertise and

expense of the expedition. Herbarium specimens and seed are usually sorted, processed and noted.

Any excess or duplicate material is distributed to other botanic gardens or interested parties. Such
shared results from an expedition certainly maximise the benefit of the cost, but it has often occurred

to the author that little material from such expeditions reaches seed banks- to do so would further

maximise costs. It is, however, appreciated that seed collecting for seed banks often involves

specialist sampling techniques, can be tedious and time consuming and also has implications for

storage and porterage. However, the author wished to know the extent to which this was carried out.

Summary of Q26a results: world figures. 36.2% (representing 281 responses in the

questionnaire) did contribute seed from expeditions to seed banks. 49.0% (380 responses) did not.
14.8% (115 responses) did not answer.

Summary of Q26a results: continent figures. Australasia was highest in the 'Yes' category
with 46.2%, Africa was next with 44.7%. Other continents scored close to average. The 'No'

responses mirrored the 'Yes' responses as would be expected, except that the figure for S America

was much lower than expected at 36.4% compared to the average of 49.0% and N America was

highest at 57.9%. These can be explained by reference to the "0" responses (ie non-responses); S
America scored 27.3% compared to the average of 14.8% and N America scored 8.0%. Fig. 6.42
illustrates these responses.

SEED BANKS
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Fig. 6.42. Percentage of botanic gardens contributing seed from expeditions to seed banks; arranged by
continent and showing the average.
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Analysis and discussion. As expected responses were low- in only a third of cases did

expeditions contribute seed to seed banks; in half of the cases they did not. Despite the difficulties
outlined above this appears to be a wasted opportunity.

Question 26b. Do you distribute surplus plants from expeditions to other botanic

gardens?
This question was fairly similar to Q26a but a higher 'Yes' response was anticipated since

giving away surplus plant material is less onerous than the exacting task of collecting seed for seed
banks. It should be noted also that this is not solely a conservation activity and that the process

happens anyway. Surplus plants would probably include small numbers as little plant material is

usually collected in the field. In retrospect the question was rather vague and could have been

interpreted as live plants collected in the field (i.e. cuttings, grafts, bulbs or roots) or could have been
taken to mean plants grown-on from seed collected on the expedition. This point was never raised at

the piloting stage and no comments were made on the returned questionnaire forms.

Summary ofQ26b results: world figures. 52.8% (representing 410 botanic gardens in the

questionnaire) did distribute suiplus plants and 35.1% (272 responses) did not. 12.1% (94 responses)
did not answer.

Summary of Q26b results: continent figures. Asia and Asustralasia were considerably
above average in the 'Yes' category while N America and S America were below average; Africa and

Europe were close to average. The 'No' response mirrored the 'Yes' responses and all the non-

responses were fairly evenly distributed. Fig. 6.43 illustrate the figures.

DISTRIBUTION OF SURPLUS PLANTS
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Fig. 6.44. Percentage of botanic gardens distributing surplus plants from expeditions to other botanic
gardens; arranged by continent and showing the average.
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Analysis and discussion. As expected the results were higher than in Q26a. It was interesting
to note that Australasia was again highest and that N America was low in both cases.

Question 26c. Do you propagate and disseminate material from rare or threatened plants

you hold? This is often regarded as a 'base-line activity' that every botanic garden can do to spread
the load and provide insurance against accidental loss of rare, threatened or endangered species.

Summary of Q26c results: world figures. 62.9% answered 'Yes' to this question

(representing 488 botanic gardens in the questionnaire); 26.0% responded negatively (202) and
11.1% (86) did not respond at all.

Summary of Q26c results; continent figures. The results show little deviation from average

and are recorded in footnote6'7. Fig. 6.44 illustrates these figures.

PROPAGATION AND DISSEMINATION

o
u
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Africa N America S America Asia Australa. Europe Average
Continent and Average

BUI Yes □ No

Fig. 6.44. Percentage of botanic gardens which propagate and disseminate material from rare,
threatened or endangered plants they hold; arranged by continent and showing the world average.

Analysis and discussion. As expected the 'Yes' response was high- nearly two thirds of
botanic gardens are engaged in this activity. It is perhaps surprising that even more are not involved
in this way as it is a common sense activity and the very least a responsible botanic garden can do for
conservation. From the five options in Q26 this option scored highest.

Question 26d. Have you ever grown plants specifically for reintroduction programmes?
This question was fairly similar to the first option in Q25ii except that the latter was

searching for the general reasons why botanic gardens cultivated rare, threatened or endangered

plants. This question, however, was very specific and, as the question asks, enquired if plants had

6.7
Europe and Australasia were highest and N America and Africa were lowest. The negative results were rather more varied; N

America was highest in this respect and S America was lowest. S America was also highest in the "0" response and Africa was also
above average. Other continents were close to average.
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ever been grown specifically for reintroduction programmes. As described earlier in this chapter such

programmes are currently topical but fraught with scientific, moral and political issues. However, the
author wished to document the number of gardens who considered that they had grown plants

specifically for this reason.

Summary of Q26d results: world figures. 33.4% responded positively (representing 259
botanic gardens in the questionnaire); 53.0% (representing 411 botanic gardens) responded

negatively and 13.7% (106) did not respond at all.

Summary of Q26d results: continent figures. Great deviation from the average was shown
in the question. In the 'Yes' response S America, Africa, Australasia and Asia were all considerably
above average while N America and Europe were considerably below average. Fig. 6.45 illustrates
these results.

RE-INTRODUCTION
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Fig. 6.45. Percentage of botanic gardens which have grown plants specifically for reintroduction
programmes; arranged by continent and showing the world average.

Analysis and discussion. The 'Yes' result of 33.4% seems remarkably high and was much

higher than the author had expected; however, it should be noted that with the wording of the

question a botanic garden need only have grown one individual species to qualify for a 'Yes'

response. The result for N America seems surprisingly low. the author would have thought that N
America would have scored highest. The low score for Europe reflects a typically cautious and

pedantic approach and was not unexpected. The high scores for Africa and S America were not

expected; while each continent contains many rare, threatened or endangered species and much
conservation work is needed the author had not realised that so much reintroduction work was taking

place.
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Question 26e. Do you undertake any other plant-based conservation activities, please

specify?
This question was posed to check for any activities not already catered for in questions a-d; it

was anticipated that there may well be quite a few responses here.

Summary of Q26e results: world figures. Almost a quarter (23.2%, representing 180

botanic gardens in the questionnaire) answered 'Yes'; 37.6% (293 responses) answered 'No' and
39.0% (303 responses) did not respond. The most frequently encountered responses are recorded in
the analysis and discussion section below.

Summary of Q26e results: continent figures. Comments are recorded in Footnote6 8 . Fig.

6.46 illustrates these responses.

OTHER REASONS

50.00%

Africa N America S America Asia Australa. Europe Average
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Fig. 6.46. Percentage of botanic gardens undertaking other plant based activities not listed in a-e;
arranged by continent and showing the world average.

Analysis and discussion. As expected the 'Yes' replies were high but no patterns of responses

developed except for the inclusion of activities outwith the botanic garden- quite a few replied that

they managed plants in situ. Some examples of responses, not in any particular order, included: plant

propagation techniques research, cycad pollen collected and stored, field studies, reproductive

biology research, public education (mentioned frequently), plant rescue, population management,

Participating Institute for CPC (mentioned several times by gardens from the USA), redevelopment

incorporating the reduction of hybridity-prone plantings, tissue culture of natives, development of

6'8
S America was highest in the 'Yes' category; other continents were close to average. The 'No' responses were more varied; N

America and Europe were considerably above average and Africa, S America and Asia were considerably below average. The '0'
response was varied too but it was unclear why respondents should leave this blank rather than responding in the 'No' box. Africa
and Asia were considerably above average, N America was considerably below average.
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horticultural potential of natives, eco-surveys, mapping, eco-political activity and the maintenance of

field genebanks of citrus and gingers on behalf of IPGRI.

6.7. Results and analysis of the interviews
Introduction. The rationale for the interviews was described in Chapter 3.4, along with

information on sample selection, presentation, interview technique and analysis. Interviews were
conducted in a total of 41 botanic gardens and data concerning conservation was collected from

almost all of these. Again, it should be noted that the information presented in this section is only
that which was gained from interviewing staff and not from observation or texts and therefore is only
as accurate as the knowledge of the staff concerned. Finally, it should be noted that, as before, the

table headings for "Europe' refer to study tour 1 which covered the Netherlands and Germany and
'India' refers to study tour 3 which covered India and Sri Lanka.

The interview schedule for conservation was included within the Garden Management sheet

(Part C), presented in Chapter 3.4. Only two direct questions included conservation (7 & 8) and this

was the weakest part of the interviews. Conservation activities have progressed so rapidly within
botanic gardens that had the interview schedule been made up now, there would have been one full

sheet devoted to conservation.

Question 7. How can an institution such as this best support conservation?
This question simply sought to find the sorts of conservation activity that staff thought a

botanic garden should be involved in. Any number of responses could be given and so the results in
each column, which are shown in Table 6.6, add up to more than the number of botanic gardens
visited during each study tour.

Activity Europe USA India
Conservation education 4 19 5
Seed banking - 11 2
Ex situ conservation 6 12 8
In situ conservation 1 2 -

Monitoring & mapping - 1 -

Conservation research - 14 2
Advice to protected area managers - 3 3
Collaboration with local conservation groups - 4 -

Collaboration with other institutions - 11 -

Restoration trials - 1 -

No conservation 1 2 -

No information 1 1 -

Table 6.6. Summary from study tour interviews showing the ways in which botanic gardens can best
support conservation.

Analysis and discussion. The results were as expected and tie in well with information

presented in the literature review and the questionnaire. In general it shows academic aspects of
conservation (research, education and collaboration) taking precedence over practical conservation,
with the exception of ex situ work. Overall, education was quoted most often, even though it was
mentioned less frequently than ex situ conservation in both Europe and India. Ex situ conservation
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was the second most frequently mentioned topic but staff often said that this activity was not as

focused as other activities and in most cases gardens "just held" ex situ collections but for no

particular purpose. As before, the results record only what was said by respondents and in this case it
is interesting to note the figures for 'Conservation research'. While it was mentioned frequently in the

USA, and even in India, it was not mentioned at all in Europe even though conservation research

was known to be taking place in at least three of the gardens visited.

Question 8. What role can the garden side play in conservation?
This question sought to find the sorts of conservation activity that staff thought the garden

side of the botanic garden (as opposed to the whole institution) should be involved in. As above, any
number of responses could be given. The results are shown in Table 6.7.

Activity Europe USA India
Cultivation & display of conservation* plants for 4 13 3

education

Ex situ maintenance of collections 6 18 9

Management of natural areas - 2 -

Cultivation for conservation research 1 2 -

Horticultural advice to others - 1 2
Restoration trials - 3 -

No/little conservation 2 2 1
No information - 2 -

Table 6.7. Summary from study tour interviews showing the role the garden side can play in
conservation. (* Conservation plants = rare, threatened or endangered plants).

Analysis and discussion. The figures link in well with the results from Table 6.6, above.

They show the horticultural side carrying out (or thinking they should be carrying out) the practical
conservation work of the institution. Ex situ maintenance of collections, even if the reason for that

maintenance is not clearly thought out, was mentioned most frequently, followed by the cultivation
and display of conservation plants for educational purposes. The cultivation of plants to support

conservation research was remarkably low considering it had been mentioned frequently in the

previous question.
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CHAPTER 7, THEMANAGEMENT OF LIVE PLANT COLLECTIONS TO SUPPORT

THE ACTIVITIES OF BOTANIC GARDENS

7.1. Introduction

Fig, 7.1. The highest standards ofmanagement are required to ensure that the composition of live plant
collections meet their needs

The design, development and maintenance of live plant collections to ensure that they meet
the functions highlighted in the previous three chapters requires careful management. While money,

equipment, extra staff and personnel management obviously have a very important part to play there
are also a number of curatorial or management issues that need to be carefully addressed if
collections are to fulfil their objectives. It is these aspects ofmanagement that are discussed in this

chapter,

7.2. Literature Review

The design and layout of the sixteenth and seventeenth century European botanic gardens
was often undertaken by the very best architects available. Designs were often elaborate, classic,
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geometric and included many buildings. More recently landscape architects have been involved (e.g.

Olmsted for the Arnold Arboretum and Eicher for Zurich) working in conjunction with
horticulturists from the Garden in question. Often designs are invited in the form of a competition

(for example, the extension to Geneva Botanic Garden in 1993 and the new botanic garden in

Barcelona). While designers are usually involved at the start, layout and species composition is

virtually always changed through time by the horticultural staff. It is very unusual for a botanic

garden to employ an in-house landscape architect (the only exception known to the author is at the

Morton Arboretum, Illinois). However, to incorporate the multitude of functions highlighted in the

previous chapters, the very best of designs are required. Little contemporary text exists on the design
of botanic gardens; the June 1978 issue of the landscape journal Anthos stands as one of the very few
worthwhile publications in this respect. Few contemporary plans have been published either. Steib
and Blumer (1978) describe the thinking that went into the design for Bruglingen Botanic Garden

and show conceptual diagrams. Figure 7.2 shows the structural diagram of the sector "Verdant

University".

ologische gruppen

Vvnfoh- (or-merv
oekologische.

Figure 7.2. Steib and Blumer's conceptual diagram for Bruglingen Botanic Garden

Medbury's paper "Taxonomy and garden design - a successful marriage?", (1991) describes
the practice of grouping plants together by type. Despite educational advantages he argues that such

arrangements are one of our most dubious inheritances from the past and goes on to state that

significant horticultural and design-related problems result from the application of taxonomy to the

layout of a garden. Drury (1992), however, explains how Ness Botanic Garden has been trying to
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integrate research requirements into the garden as well as trying to do things to make the public
more aware of plant relationships such as grouping certain plants together. Cook (1975) recognises
that botanic gardens have a recreational function but feels that the creation of numerous biotopes

(e.g. sand hills, peat beds, bogs, pools etc.) would increase amenity value and at the same tune

further autecological research (the study of the interrelationship between the individual and its

environment). Cox (1988), who has already been mentioned in Chapter 5, stresses the need for

botanic gardens to be designed with teaching and learning in mind but realises that this can be
difficult to achieve in practice due to conflicting demands, from, for instance, scientists and
horticulturists.

The 1970s was a period of change for many botanic gardens and new designs were often

ecologically or phytogeographically arranged with, specifically, public education in mind. Opened in
1977 the new botanic garden in Zurich (see Fig. 7.3) had the benefit of considerable thought and

planning to ensure that species cultivated matched the perceived needs of its users (scientists,

horticulturists, public). Systematically and geographically allied plants were not simply grouped

together in beds, but an attempt was made to create many different biotopes in which rare and

endangered species were given preference. These too, as far as possible, were planted in groups so as

to achieve natural regeneration. It was felt that this type of natural or ecological planting would

perform all the functions of a modern botanic garden while combining the educational, the scientific
and the conserving functions with the aesthetic and recreational (Cook, 1978 and Eicher, 1978). The

same type of philosophy holds true for the University of Dundee Botanic Garden and Harare Botanic
Garden.

In designing the new Botanical Garden of the University of Hamburg, created 1971-79 (the

original one of 1821 was redesigned for an international gardening exhibition and now serves as a

public park), careful consideration was given to the requirements of biological research, academic
education and to the approximately 270 schools who would use the site for education, in addition to

other functions such as amenity and recreation (Apel, 1978). However, the principal object was the
creation of a new botanical system for education and research within the framework of systematic

botany. To this end a so-called plant genealogical tree, or more properly, an evolutionary diagram of
the vegetable kingdom showing descent and relationships between the individual taxa as proposed by

Takhtajan of Leningrad was laid out on a 3.5km2 site. The visitor can walk along guidelines set in

the grass and can recognise connections and thus understand the evolution of the world of plants as a

whole. The plan additionally encompasses examples and explanations of plant geography, ecology,

adaptations and breeding systems (see Fig. 7.4).
Good (1990) describes the design and planting of Wichita Garden, a new, small municipal

botanic garden in America; being community-based, its design and plant selection are different to the

State or Univerity botanic gardens mentioned above. Valen (1986) describes the rebuilding of the

established plant collection at the Strybing Arboretum and Botanic Garden, San Francisco and

through this highlights the problem of redesigning an existing landscape. To help decide which of
the existing plants should be retained an evaluation scoresheet with nine questions was devised.
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Der Garten und seine Themen:
1 Labortrakt
2 Horsale. Bibliothek, Cafeteria
3 Terrasse
4 Mittelmeerflora
5 Trockenheitsliebende Pflanzen
6 Schmetterlingsblutler
7 Rosengewachse
8 Fruhiingsgarten
9 Versuchsgarten
10 Rhododendronweg
11 Alpinum Urgestein
12 Alpinum Kalk
13 Bach
14 Alpinum Melser
15 Medizinalpflanzen
16 Nutzpflanzen
17 Teich-/Sumpfpflanzen
18 Heidegarten
19 Hamamelidaceen
20 Wasserpflanzen
21 Savannenhaus
22 Tropenhaus
23 Subtropenhaus
24 Gartnerei, Betriebsgebaude
25 Tropische Seerosen
26 Ziircher Wald
27 Aussicht -Eichenkanzeli-
28 Einheimische Wiese
29 Erdlager

Le jardin et ses divisions thematiques:
1 Aile des laboratoires
2 Salles de cours, bibliotheque, cafeteria
3 Terrasse
4 Flore mediterraneenne
5 Plantes adaptees k la s6cheresse
6 Papilionacees
7 Rosiers
8 Plantes de printemps
9 Jardin experimental
10 Allee des rhododendrons
11 Roche primitive alpine
12 Roche calcaire alpine
13 Ruisseau
14 Alpinum Melser
15 Plantes medicinales
16 Plantes utiles
17 Plantes semi-aquatiques
18 Jardin de bruyeres
19 Hamam6lidac6es
20 Plantes aquatiques
21 Pavilion de la savane

22 Serre tropicale
23 Serre subtropicale
24 Bailments de service et des jardiniers
25 Nenuphars tropicaux
26 For6t zurichoise
27 Point de vue «Eichenkanzeli»
28 Prairie du pays
29 Depot de terre

The Garden and its themes:
1 Laboratory wing
2 Lecture halls, library, cafeteria
3 Terrace
4 Mediterranean flora
5 Dry-soil plants
6 Papilonaceae
7 Rosacea
8 Spring garden
9 Experimental garden
10 Rhododendron lane
11 Alpine garden of primitive rock
12 Alpine garden on limestone
13 Stream
14 Alpine garden
15 Medicinal plants
16 Food plants
17 Pond and marsh plants
18 Heather garden
19 Hamamelidacea
20 Aquatic plants
21 Savanna house
22 Tropical house
23 Subtropical house
24 Gardening section, service building
25 Tropical water lilies
26 Zurich forest
27 «Eichenkanzeli» vantage point
28 Domestic meadow
29 Soil storage

Figure 7.3. Cook's design for Zurich Botanic Garden

Collections policies, also known as accession or acquisition policies, are fundamental
botanic garden documents that detail the kinds of plant a certain botanic garden will hold. They are

essential in communicating to both staff and the outside world what the garden specialises in and

without them collections soon become randomised and meaningless. A whole issue of The Public

Garden (July 1986) was devoted to the subject as well as the 1984 Longwood Program Seminars.
References taken from both are included, with others, below.
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Figure 7.4. Design for the Botanic Garden of the University of Hamburg (top, right of the plan)

Jones (1986) states that "both the process of formulating a policy and the written policy itself

help to articulate the purposes and goals of an institution's collections for the staff, trustees and

public". Seven aspects are identified as components of an effective collections policy (purpose,

acquisitioning, accessioning, plant records, evaluation, maintenance and deaccessioning). Donnelly
and Feldman's paper "How to write a plant collections policy", (1990) spells out the same sort of

aspects by taking the reader through a number of steps (purpose, records, acquisition, evaluation,

deaccessioning, etc.) by asking, and then answering, all likely questions. Sawyers (1986) states that a

prerequisite to developing a plant collections policy is having a clear purpose. Mt Cuba Centre
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(Delaware, USA), for example, has two primary objectives: first, to display and study native
American Piedmont plants for their ornamental potential and to educate the public about the flora

(the second is to preserve the estate within which it is set as an example of a 20th century country

estate). The collections policy not only dictates what plants can be used in certain areas of the garden
but provides guidelines for design and maintenance. The collections policy for Mt Cuba has not yet

developed to address the issue of plant source.
Shaw (1975) addresses the issue of integrated international policies and stresses the point that

for such things as integrated policies to work greater communication between botanic gardens is
needed. Van Vliet (1989) describes a national policy, the Dutch decentralised national plant
collections policy. No formal international policies have yet been devised though international

computer networking means that this is likely in the future. Simmons (1975) makes the point that
the existing international network of botanic gardens (informal) can play a valuable role in plant
conservation by developing public awareness, creating and managing ecosystem reserves,

establishing, propagating and distributing endangered plants and forming seed banks, but most

important by creating facilities for fully documented autecological studies on threatened plants.

However, to implement these aims it is vital to look critically at the way collections are managed as

such aims are more scientifically exacting than most existing commitments. Representation of taxa,

survival capacity and use of environments were major components that needed examination.

Astley (1991) stresses the importance of carefully planned expeditions in collecting good,

genetically representative collections. The collecting strategy, based on population sampling, the
nature of the material, whether seeds (orthodox or recalcitrant) or vegetative material, and methods

of storage during the expedition are all described in detail and said to be of exceptional importance.

Appendix I of Falk and Holsinger (1991), Genetics and Conservation ofRare Plants, lists criteria
laid down by the Centre for Plant Conservation as important considerations when collecting for

genetically representative conservation collections.
The Arnold Arboretum of the University of Harvard has been growing plants for well over

100 years and is universally recognised as having well-organised, well-documented plant collections.

However, with many plants reaching maturity it was agreed in the 1980s that a revitalised collections

policy was required. Koller (1986) describes the process of superimposing a new policy onto an

existing collection. In formulating a collections policy for the Arboretum, the Living Collections

Committee wanted objectives that would maintain the existing strengths of the collections, preserve
the uniqueness and usefulness of the collections in 50 to 100 years, and as an allied institute of
Harvard University, fulfil a role appropriate to the needs of the University.

Michener (1991) stresses the importance of collection verification; plants are often incorrectly
labelled or identified and without regular checking a collection may not be as comprehensive or as

authoritative as it appears on a list. Six steps are identified in the process: 1 the plant list, 2 the work

map, 3 reconciling the list, map and the grounds, 4 vouchering the specimen, 5 identifying the

vouchers, and 6 updating the records.
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Almost as important as building collections is the responsible dismantling (correctly, with the

cumbersome title of 'deacquisitioning') of redundant ones. Rae (1993) describes a series of possible

stages, especially for species of conservation value.

Surveys and questionnaires play an important part in the planning of botanic garden

activities, especially those relating to visitors and their use or enjoyment of the collections. Few seem

to have been carried out on other aspects of botanic garden work, for example, research or the

policies for the living collections, hence the stimulus for this thesis!. Sacchi (1991) surveyed the
research activity of gardens of the United States (in fact American Association of Botanic Gardens

and Arboreta institutional members only) and compared results for university and non-university
affiliated botanic gardens. He reported from the survey that research was integral to the mission of a

majority of university botanic gardens while it played a lesser role in the missions of non-university

gardens. Furthermore, among gardens that had made a commitment to basic research, botanical

research was conducted more frequently in university gardens than in non-university gardens which

focused research efforts on applied areas. The basic research conducted most frequently using

collections of university gardens was in the areas of anatomy and morphology followed by taxonomic
and ecological studies. For ecological studies respondents from several gardens commented on the

use of associated natural areas using non-accessioned plant material.
A number of surveys covering visitors are included below. Paterson (1978) assessed the

number of visitors who had visited certain parts of Longwood gardens. Boden (1988) reports that

Chambers surveyed 400 gardens and arboreta in 88 countries outside the USA to assess levels of

botanic garden interaction with the public through education programmes for various target groups,

including disabled people. Of the 92 respondent institutions, 61% (56 botanic gardens and arboreta)
did not have an education unit and interaction with the public was limited to occasional guided tours

usually for school groups. Chambers described these botanic gardens as "traditional gardens". 36

botanic gardens, 37% of respondents, had an education unit which offered programmes to visiting

students, teachers and other professionals, members of the public and, in some cases, conducted off-

site activities. Within the educationally active botanic gardens, 6 "progressive gardens" were

identified which catered specifically for the educational and physical needs of a very broad range of
disabled people. Crick (1988) reports on a survey carried out at the Royal Botanic Garden, Sydney; it
showed that of the 2.7 million visitors to the garden each year, only 2% were reaching the visitor
centre and 65% visited the garden for aesthetic or recreational reasons, not for botanical or

educational purposes.

Eloff (1987) carried out a very detailed visitor survey for NBG, Kirstenbosch. The main aim

was to do with the marketing of the garden and 42 questions were devised which covered general

matters, planning, the restaurant and regulatory aspects. Results were too lengthy to include here, but

two points seemed interesting, (i) that visitors stayed in the garden 33% longer than in 1973 and, (ii)

that the average age of visitors was 18.5 years, much younger than one would perhaps imagine.
Correll (1978) reports on a number of surveys to try and evaluate public attitudes and support for
cultural activities, including botanic gardens. He concludes "what we must do is step outside our
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ivory towers or, in the case of botanic gardens and arboreta, climb down out of our trees and come

down out of our woods. We must actively go after the 45% of the people who spend their leisure time
in other activities..."

An unpublished visitor survey at the Royal Botanic Garden, Edinburgh, carried out in 1988
asked about 20 questions relating to visitor background and then the needs, attitudes, likes, dislikes
and ideas about he garden. A selection of the results were as follows: 45.5% didn't know that any

scientific work was carried out at the garden, 37.5% thought the visit had been educational, 32.5%

thought it had been informative, 48% though it had been pleasurable and 49% came for pleasure

purposes only (more than one choice was allowed), 66% thought the design of the garden was

important, the 20-30 year old age bracket was the highest in terms of visitor numbers - 23.0% fell
within this category.

Warner (1975) carried out a detailed survey entitled "A national study of the attitudes of
arboreta and botanic gardens' management towards recreation within their institutions" as part of tin
MSc thesis. Though valuable within the context of botanic garden recreation provision, it falls just
outwith the scope of this thesis. Likewise Garrod, Pickering and Willis's paper of 1991 entitled "An
economic estimate of the recreational benefits of four botanic gardens" while uniquely and

interestingly putting a monetary value onto recreational benefits must also be kept outwith the scope

of this thesis.

Co-operation, national strategies and national collections policies are all means of

bringing both national and international botanic gardens together for the good of all concerned. Too

often botanic gardens act in isolated and/or parochial ways which can ultimately be detrimental to

what they are striving for.
The number and distribution of botanic gardens within a country are seldom based on rational

argument as emphasised earlier in this thesis. In hardly any situations could reference be found to

any kind of national strategy based on need. An exception was a comprehensive report on the
contribution which collections of native plants in Australian Botanical Gardens and Arboreta were

making and should be making to Australian culture and science (Anon, 1984). It pointed to serious

inadequacies in the preservation, interpretation and protection of the Australian flora through

cultivation in professionally managed botanical gardens and arboreta and uncoordinated national
action in these areas. Such national reports are almost unheard of though a similar process has taken

place in South Africa. The report listed the major deficiencies in the location of gardens and arboreta
in Australia and the details of this were published by Tracey (1987).

Networking and twinning of botanic gardens are similar to the above and have been quoted
as being able to make significant contributions to conservation efforts, especially when botanic

gardens in temperate, developed country linked with their counterparts in tropical developing
countries. Co-operation, especially in the fields of training and technical liaison were identified as

being important (Simmons and Beyer, 1987).
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7.3. Summary of Questionnaire and Interview Results
The following is a brief factual summary of the results from Part 3 (excluding conservation) of

the questionnaire which dealt with live plant collection management and Part C (excluding

conservation) of the interviews which dealt with the same subject. Full numerical results of the

questionnaire can be found in Appendices V and VII and tables, graphs, analysis and discussions of
the questionnaire and interviews are presented in full in sections 7.6 and 7.7.

From the questionnaire:

1 Almost two out of three botanic gardens have a plant collection policy (see Footnote7'1). In
Asia the figure is 84%. Government-funded and public support-funded gardens are best in this

respect (72% and 73% respectively) while town council-funded gardens are poorest (49%).
2 Of those gardens that had a plant collections policy one third adhered to them loosely while

two thirds adhered to them strictly.

3 In one in three botanic gardens a combination of garden and scientific staff were

responsible for the live plant acquisitions policy. In 28% of cases it was mostly the scientific staff,
while in 20% it was the garden staff who were mostly responsible. The N American figure was

substantially higher than average in the 'mostly garden staff category.
4 When the figures for the responsibility for live plant acquisition policy were correlated with

funding agency it showed the following results: for 'mostly garden staff government-funded gardens

were lowest while public support-funded gardens were highest (51%); for 'mostly scientific staff
these two results were reversed; for 'combination', university-funded gardens were highest (51%)

while museum-funded gardens were lowest (0%).

Question 22 dealt with the sort of emphasis given to various types of plant in the gardens.

Q22a-d were covered in other chapters; Q22e-h are covered here.
5 About one in five gardens put 'great emphasis' on cultivars, and about a third each put

'moderate' or 'little emphasis' on them. N America and Asia were higher than average in the 'great

emphasis' category while Africa, S America and Australasia were higher than average in the 'little

emphasis' category.
6 When considering plants suitable for local gardens, scores for 'great', 'moderate' and 'little

emphasis' were equally shared. N American botanic gardens scored above average in the 'great

emphasis' category while Europe and S America were highest in the 'little emphasis' category.
7 Little emphasis, generally, was given to economic food plants, of potential current or future

use. Only 16% gave them 'great emphasis' while 45% gave them 'little emphasis'. The only
noticeable deviation from average was that a third of S American gardens put 'great emphasis' on
such plants. N America was highest in the 'little emphasis' category.

8 The results from Q22g, which dealt with medicinal plants- of potential current or future

use, showed similar results to the previous question, although a little more emphasis was given to

71 A plant collections policy, briefly, is a document detailing the plants held in a collection; for a fuller explanation see Donnelly and
Feldman (1990) in section 7.4i.
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them. In this case 21% of gardens gave them 'great emphasis'. Asia was highest in the 'great

emphasis, category, while N America was highest for 'little emphasis'.
9 When analysing the ways in which botanic gardens displayed their plants

'ecological/habitat associations' were most popular. 17% of gardens quoted this method of displaying

plants within the three most important techniques they used. 'Species of a genus in close proximity
for comparison' was next most popular while 'demonstrations of botanical processes' was lowest,

scoring only 3%. Continental differences are not highlighted in this summary. Display technique was

affected by funding agency and also by the major polices of gardens, but, again, these differences are

not shown here as they are too lengthy to summarise.
10 One in three botanic gardens charged an entry fee. Botanic gardens in N America, S

America, Asia and Europe were all slightly above average in this respect but only 12% of

Australasian gardens charged an entry fee
11 Of those gardens that did charge an entry fee one in five felt that the necessity of income

from the entry fee influenced garden designs 'greatly', one in three scored 'moderately' and almost

half felt that it only influenced designs 'a little'. N America and Australasia tended to be above

average in the 'greatly' category while Africa and S America scored most highly in the 'little'

category.

In Question 29 live plant collection managers were asked for their attitude to certain
statements.

12 Almost half felt that 'not enough use of the live plant collections were made by in-house

taxonomic staff. Only 15% disagreed with the statement. In S America, Asia and Europe more than

average agreed with the statement.

13 Almost 40% felt that it was 'right for the garden to grow mostly plants that supported

research'. A third disagreed with the statement. In Africa, Asia and Europe more than average

agreed with the statement.

14 Only 16% considered that 'taxonomic staff didn't care about the plants in the garden'
while almost a half disagreed with the statement. In Africa, S America and Asia more than average

agreed with the statement.

15 More than half felt that 'not enough horticultural research took place in their garden'; only
19% disagreed with the statement. In S America 20% more than the average agreed with the

statement while in Europe 10% less than the average agreed.

16 Only 10% agreed with the statement that 'too much money was allocated to catering for

public education to the detriment of the plant collections'. Almost 60% disagreed with the statement.

In Africa, S America and Asia more than average agreed with the statement. N. American responses,

in particular, disagreed with the statement.

17 Over one in four agreed with the statement 'that colourful bedding schemes and artistic

designs were irrelevant in their gardens'; more than half disagreed. In Asia and Australasia more
than average agreed with the statement while considerably more than average disagreed with the

statement in N America.
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18 One in four agreed with the statement that 'traditional displays such as rock gardens and

mixed borders had no place in their garden'; more than half disagreed. In Africa, S America and
Asia more than average agreed with the statement while more than average disagreed with the

statement in Europe.

19 Almost two out of three agreed with the statement that 'plants in their garden should be

displayed in features such as habitat reconstructions/associations etc.'; only 11% disagreed. In Asia
more than average agreed.

From the interviews:

20 Public education, display, research and conservation were the most frequently cited
reasons for maintaining plant collections (mentioned in 83%, 66%, 59% and 49% of cases

respectively). While display was cited frequently in the USA and in India/Sri Lanka it was seldom
mentioned in Europe.

21 In most cases plant selections were determinedmostly by garden staff (78% of cases);

however, it was emphasised frequently that these selections were made from within a predetermined

accessions policy.
22 A very wide range of examples of groups of plants being grown for specific purposes was

cited. Examples are not given in this summary.

23 In the majority of cases (71%) garden staff received clear requests from research or

education staff detailing exactly what they wanted from the collections.
24 In most of the gardens visited plants being grown to support specific projects were grown

in the main part of the garden (54% of cases). In Europe, however, most of these plants were

cultivated in special "behind the scenes' areas .

25 When asked about the role of the plants not being used to support specific projects, most

quoted conservation, education and display as the reason.

26 Disappointingly, very few ideas either for new developments, or for future roles for the

collections, were given.

7.4. Issues in the management of live plant collections
i Collections policies, also known as accessions policies or acquisition policies are

fundamental plant management documents that list or describe the types of plant material a

particular garden will cultivate. Question 17 of the questionnaire showed that 64.6% of botanic

gardens have these documents but that in only 68% of cases did gardens adhere strictly to them. In

essence they are an attempt to ensure that the institution grows the plants that are needed for its
functions such as research, education, conservation or display. A garden without a collections policy

may be likened to a 'rudderless ship' and would result in a completely random, rather useless, group
of plants held for no particular purpose. If plants grown within a botanic garden are seen to form part

of a coherent policy and are available when needed the reality is that they are probably better curated
and maintained than if they are grown for no particular puipose. Collections policies help determine
the numbers and, ideally, the genetic composition, of each species, genus and family to grow for a
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specific project and indeed for the whole Garden. The success of a collections policy may be seen

when the plants needed for, say, research or education, are available, in the right condition, when
needed.
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Donnelly and Feldman (1990) state that a collections policy is a "carefully written document
that contains operational guidelines about the nature and purpose of the collections(s), acquisitions,

records, care and evaluation of the collections, and access". Their paper continues by highlighting a

number of questions, grouped under headings. These provide a helpful insight into the nature of
collections policies and are therefore reproduced below:

Fig. 7.5. Page from RBGE's Accessions
Policy document, showing proposed locations
of subsections ofRhododendron Section

Pontica, based on climatic suitability.

Fig. 7.6. Accessions policies are vital for
successful plant collections management
(RBGE).

Introduction
- Define the purpose of your collections policy
- Who is responsible for the implementation, interpretation and periodic review and

revision of the policy?
Purpose

- What is die overall purpose of the collections as related to the institution's
mission?

Acquisition
- What are the criteria for selecting additions to the collections?
- Who is responsible for initiating acquisitions to the collection and who is

responsible for approval?
- What are the ethical and legal considerations to be adhered to in collecting?
- Under what conditions, if any, will the institution accept gifts or loans?

Plant records system
- Describe your institution's commitment to a plant records system
- Who is responsible for the administration and accuracy of the plant records

system?
- What items of the collections are to be accessioned?
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- What types of materials, if any, are not to be accessioned?
- What essential categories of information will be maintained for each item of the

collection?
- Who has responsibility for the periodic inventory of the collections?

Care of the collections
- What minimum standards of care are to be applied to the various collections of

the institution?
- What is the institution's commitment to safeguarding the collections and

collections records?
Evaluation

- What provisions will be made for the ongoing evaluation of the collections?
Deaccessioning and dispersal

- What criteria are necessary to warrant deaccessioning an item from the
collection?

- What restrictions apply, if any, to the deaccessioning of a collection item?
- Who must review and approve deaccessioning recommendations?
- What principles govern disposal of deaccessioned material?

Access to collections
- Who may use and have access to the various collections and collections records

and for what purposes?
- Will loans of plants be made?
- Are propagules from plant collections to be taken and by whose authority?
- Who must approve special access requests?

This same sort of layout is recommended by Jones et al (1986) who use the headings: Purpose,

Acquisitioning, Accessioning, Plant Records, Evaluation, Maintenance, Deaccessioning, Inventory,

Disposal and Access and Use.
While the listings given above may include noble aims, the reality is that most collections

policies are a good deal simpler: to include all the information suggested above would lead to vast

documents and huge workloads. The main aim is to have a document describing the types of plant a

garden will grow. As an institution will usually want to ensure that its collections support its
functions it can therefore only be developed once an institution knows what its main policies are.

Once this is clear staff can develop a plan to ensure that the collections support the needs of the

institution now and in the foreseeable future. Sometimes a good deal of realistic forethought is
needed to try and anticipate future needs, especially for woody material that may take many years to

establish. Typically then, a collections policy will include a lot on matching accessions to

institutional needs but may not include as much of the plant records, maintenance and access

information as is suggested above. It is not that these issues are not important, it is just that in most

places they are dealt with in separate documents. In this thesis, for instance, plant records are viewed
as a very important issue and are discussed next, but they are not considered to be an integral part of
collections policies, rather they are a result of collections policies and allow managers to review
collections policies.

Collections policies should not be seen as rigid documents that absolutely limit the species to
be grown, rather they should be seen as documents to give guidance about priority groups of plants.
Likewise they should not be regarded as static documents, set for 'all time', but rather as documents
that may change with the evolving policies of the botanic garden. For instance, a botanic garden that

concentrates on taxonomic research is bound to change rather slowly as research on plant families,
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genera or regions is essentially long-term and is therefore completed rather slowly. For this reason,
the collections policy should progress to reflect new research topics. On the other hand a policy that

changed too frequently would cause confusion and would be difficult to follow due to the time taken

to collect and establish plants in the garden.
Collections policies must also,of course, take account of what is physically possible within the

limitations of size, staff resources and climate, in addition to plantings already in existence. A

collections policy must, in short, be possible to achieve. In many cases the greatest impediment to

instituting a new policy is the plant material already existing.
Koller (1986) describes how the Arnold Arboretum of the University of Harvard dealt with

this issue. The 1980s found the Arboretum with mature and sometimes declining tree collections and

huge holdings of shrubs and vines, most of which were arranged in nursery rows rather than

integrated aesthetically as understorey plantings among the tree collections. The collections reflected
the emphasis on collecting species and varieties during the Arboretum's first 50 years and on

collecting cultivars or plants of horticultural value during the second 50 years. The primary source of

acquisition were nurseries and private collectors from around the world.
In formalising a collections policy for the Arboretum, the Living Collections Committee

wanted objectives that would:
- maintain the existing strengths of the collections,
- preserve the uniqueness and usefulness of the collections in 50 to 100 years, and,
- as an allied institution of Harvard University, fulfil a role appropriate to the needs of

the University.

After discussions the following recommendations emerged:

i It was decided that the arboretum's original charter objectives of collecting plants of
documented wild origin would best serve their role as a scientific and educational resource for
Harvard University.

ii The Arboretum would continue to emphasise its existing strength in trees, shrubs and vines

and not dilute its resources by cultivating herbaceous material.

iii There was a realisation that it was impossible to collect and grow every woody plant

potentially hardy in their geographic location. For this reason priorities needed to be set. Reasonably
full holdings could be amassed for genera such as Abelia, Buckleya and Cephalotaxus that were
limited by what was available and potentially hardy in the Arboretum. However, groups such as

Crataegus, Philadelphus and Ribes constituted groups that were larger than could be accommodated

as complete collections unless they were part of an ongoing research project. Special

recommendations, which are not listed here, were made for these in terms of numbers held and

planting types used.

iv One of the committee's greatest concerns was to develop a policy which would define the

role of cultivars in the collections including the handling of existing cultivars and future acquisitions.
It was decided first that cultivars would be treated as temporary collections with periodic reviews for

planned deaccessioning and that they would limit and deemphasize the acquisition of cultivars.
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Additionally, cultivars would be acquired initially on a testing and evaluation basis and held in the

nursery. Only once they had been proved to be 'worthy' would they be allowed into the main
arboretum. The aim would then to have only the best cultivars in the holdings at a particular point in
time.

v Another of the committee's primary goals was to strengthen the ability of the collections to

serve a wide range of research needs and to this end a set of guidelines was produced. The main part
of this stated that depending on the funding available to support the research collection, a researcher
could assemble the plant collection necessary to support the needs of the project. The research
collection would not be considered part of the living collection, other than those elements which were

already part of the Arboretum's permanent collections. When the research project ended, a researcher
could recommend that up to 10% of the research collection could be added to the Arboretum's

permanent collection.

To allow these policies to be implemented required a number of managerial decisions, such
as:

i Improved communication and record keeping at the propagation and nursery stages were

required to avoid duplication and allow staff to concentrate on the really important plants: a

computer system helped with this.
ii Plants produced from open pollination within the grounds of the Arboretum would

gradually be removed and replaced with 'purer' plants unless replacements were difficult to obtain.
iii A review of collections with the intention of highlighting deficiencies has been

implemented and those deficiencies are now actively sought.
iv The accessions policy has been 'tightened up' to ensure that only plants that fulfil the needs

of the policy are allowed in. In addition a formalised deaccessions policy has been implemented.
v Over mature or decrepit trees are being systematically removed except those that add to the

character of the landscape.

The above account is useful in that it records the 'real life' situation faced by most curators
who need to impose new collections policies onto existing plantings.

Almost as important as accessions policies are deaccessions policies because if there is no

rational system for removing plants from collections then the whole system soon becomes clogged.

This would seem a routine management function but in reality it seldom takes place in an on-going
and methodical way. Rae (1993) has produced one of the few papers on this important topic. The

paper was primarily aimed at conservation collections but the principles apply to general collections
also.

Botanic gardens in which collections of living plants are used to support in-house research, or
other specific functions such as conservation, tend to be unlike other gardens because, when a

particular line of research ceases, a large number of plants may suddenly appear redundant. Unless
such plants are removed from the collections space cannot be liberated for new material to support

new projects. This process of deaccessioning is vital if collections are not to become clogged with
unwanted plant material. The accumulation of these plants will have taken considerable time and
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skill, to say nothing of the costs involved. Such collections may be considered unique, even priceless,

biological research tools and serious thought should be given to any other uses to which they could be

put before breaking them up; once dispersed they almost certainly could never be reassembled. The

disposal of such unwanted plant material poses problems for curators; on the one hand space is

required for new collections so curators will want to dispose of as much as possible as quickly as

possible but on the other hand there will be a reluctance to disperse collections that have taken time
and effort to accumulate. Additionally, if the collections contain rare, threatened or endangered

species there is a further dilemma in that most will appreciate that there is some moral obligation not

to dispose of such plants unless a 'good home' can be found for them.
When the collection has no conservation value there are few problems and the plants can be

gifted, sold or composted. However, problems arise if the collection contains plants of conservation
status and so for these plants, and also because of the need of imposing some logic on the process, a

series of steps has been recommended by Rae, (1993). In essence they attempt to ensure that the
collection is not destroyed before certain basic information is extracted, and, when this has been

done, that at least the plants of conservation status are retained somewhere, if possible. These steps

are produced in a shortened version, below:

A. For the whole collection:

1 Check that all the plants have been named and that the names have been verified

recently.
2 Ensure that the cultivation and propagation requirements for the group in general

are well understood and recorded.

3 Preserve (in an herbarium) and photograph specimens of the most important species,
unless this has already been done in the course of taxonomic research.

4 Decide which are the plants of conservation importance and try to retain these at the

expense of the non-conservation plants if possible. Try to disperse them as a collection to

another garden if possible.
B. For the conservation plants:

5 Ascertain the cultural and propagation requirements of each species and record the
results.

6 Preserve and photograph all plants.
7 Offer the collection to another botanic garden that has an interest in the group. This

option is likely to offer the best long-term survival as plants will be tended more carefully in
an institution that has a special interest in the plants (be it for research, display or cultural

purposes) rather than in a garden that has only a general interest. However, there can be no

guarantee that this botanic garden will want to keep the plants indefinitely.
8 Offer the remainder to a botanic garden in the plants' country of origin.
9 Consider using them for re-introduction. This will very much depend on the way in

which the collection was accumulated and the genetic diversity it represents. The reality is
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that such collections probably have little relevance for re-introduction but the subject should at

least be considered.

10 Offer the plants to a nature reserve nearest to their original collection point.
11 Keep the accessions as seed if possible, after taking appropriate precautions to

avoid hybridisation; alternatively, investigate the possibilities of cryopreservation.
12 Offer them to a gifted amateur if realistic reassurances can be given about their

future.

13 If the plants are of the same accession as other individuals grown in at least 5 other
botanic gardens then they can be disposed of, but ensure that the other gardens are informed.

14 If they are of different accessions or if they are grown in less than 5 other botanic

gardens and cannot be responsibly gifted, then there is an obligation to keep them until any of
the above criteria can be met.

ii Plant records

Fig. 7.7. Accessions books (RBGE) Fig. 7.8. Computerised plant records (RBGE)
i s

Figs. 7.4& IS. The keeping of detailed plant records is important for the scientific, education and
conservation purposes of botanic gardens and is one aspect that differentiates them from other gardens.

It has been said before that one of the features distinguishing botanic gardens from other

kinds of garden is that the collections of plants in a botanic garden have some sort of scientific

rational underlying their organisation. Another is that a botanic garden will maintain some kind of

record of its collections: what plants are grown, where they come from, where in the garden they are
situated and so on. Such a record is essentially a management tool for the staff of the garden,

allowing for the planning of the collection in a rational way in accordance with an agreed policy. It
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also allows for interchange of information on collections between different gardens, and between

gardens and the scientific community and, indeed, the public generally.
The type of record system in use in any particular botanic garden will depend on the precise

purposes of the garden (as perceived and expressed in its overall policy) and the resources available
to it. Systems may range from the simple, manual card index containing a basic minimum of

information, to very sophisticated computers offering access to the record from various starting

points. Without any system at all it is virtually impossible to implement and maintain a plant
collections policy because staff do not know what is in the collection. As a consequence duplications
and omissions are inevitable. Sophisticated computer systems, however, can do much more (see

below) and in many large gardens with complex collections they have become indispensable

management aids allowing curatorial staff to track the performance of individual species and whole
collections.

Whatever record system is in place, however, it is necessary that it be maintained. Changes in
the collection must, fairly rapidly, be reflected in the record. If this is not done conscientiously and

accurately the record quickly becomes a fiction, either of little use as a source of information, or even
a hindrance to the acquisition and dissemination of information. Updating and maintaining records

requires staff tune and enthusiasm, the former of which may well be lacking in many gardens. The
amount of time and effort required to maintain a good and accurate record system should not be

underestimated.

The information recorded in a botanic garden system can vary enormously, depending on the

factors mentioned above, including: the precise purposes of the garden and the resources (including
staff time) available. The simplest case is probably a record containing the names of the plants,
where they came from and where in the garden they are planted. These three items of information
are probably basic to all systems. On top of these one can elaborate ad infinitum. Taxonomic
information may be included (plant family, synonyms, authorities for Latin names, details of

verification, natural distribution, etc.), as may horticultural information (condition and numbers of

plants, details of propagation, cultivation treatments, performance in terms of growth, flowering and

fruiting, etc.), information on usage of the plants (which have been used for research projects, etc.)

and on distribution of material to other gardens, and so on. There is really no limit to the degree of
elaboration that can be built up in any particular situation. The dangers of over-elaboration are

obvious, and what is required of the system should always be realistically assessed before new

complications are added.

It is not the purpose of this thesis to delve into the intricacies of computer programmes but
one system is highlighted in Case Study 7.1 so that the level of sophistication may be appreciated.
The purpose is to indicate how important records are in the management of collections. From the
information on collections management presented at the end of the case study it immediately

becomes obvious that no card index system could hope to match the sophistication of the programme,

especially when dealing with large collections. Such systems make the possibility of managing large

plant collections well a reality and they are now considered by most collections managers as essential
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aids. They not only allow the storage of htrge amounts of data but they can be used to help track the

performance of individual plants and guide decision making.

CASE STUDY 7.1. BG-BASE

Background. BG-BASE, version 4.0, is a database application designed for managing biological
information in four categories- taxonomy, distribution, conservation, and collections management
(living and preserved). Initiated in 1985 at the request of the Arnold Arboretum of Harvard
University and the Threatened Plants Unit (TPU) of the World Conservation Monitoring Centre
(WCMC) in Cambridge, it is now widely used around the world in over 50 botanical, horticultural,
and zoological research institutions; in universities, in libraries, in museums, and in biodiversity
monitoring centres such as WCMC. Its two international development and support bases are RBGE
and the Holden Arboretum in the USA.

Design. BG-BASE is composed of several separate modules with extensive linkages between these
modules. There are modules for managing information on living plant collections, herbarium and
other museum specimens, gene banks, nomenclature, taxonomy, bibliography, images, gazetteers,
distributions, floristic and faunistic surveys, protected areas, conservation status, institutional and
individual contacts, and membership, education and development programmes.

BG-BASE is built using the relational database management system Advanced Revelation and runs
under DOS on IBM PCs and compatibles; it can be used on stand-alone machines or as part of a
Local Area Network. All fields and records are variable-length, with a maximum of 64,000 bytes per
record, allowing for easy handling of textual data. Appropriate fields have been defined to be
multivalue fields, enabling them to track a virtually unlimited number of values. There is no limit on
the number of records per table.

BG-BASE comprises over 3,500 data fields spread over some 150 tables, although no single
installation uses all the fields or all the tables. Because of the variable-length nature of the
underlying database, fields may be turned on or off to suit particular needs of institutions without
affecting the existing data and without sacrificing compatibility with other BG-BASE sites. In
addition to the standard, defined data fields, there are user-defined fields available in all the major
tables. The system maintains over 50 indexes; these indexes allow for full-word, partial-word, or
phonetic searches.

Interlace. BG-BASE is mouse-driven, has pull-down menus and popup selection boxes, and allows
the user to suspend one operation to do another (up to nine operation levels may be open at once).
Extensive editing and pattern-matching is done automatically by the system. Context-sensitive help
(over 3,000 screens' worth) is available in virtually all parts of the system; this help can be translated
into languages other than English. Data entry is done through floating entry windows, and standard
reports are readily available via the mouse or with simple keystrokes. BG-BASE manipulates images
and maps through its optional graphics module. It can be linked with both GIS and CAD systems,
and drives a wide variety of printers, engravers, embossers, and bar code devices.

Standards and Compatibility. BG-BASE is compatible with the International Transfer Format for
Botanic Gardens Records, and the World Geographical Scheme for Recording Plant Distributions,
two standards endorsed by the International Working Group on Taxonomic Databases for Plant
Sciences (TDWG) of the International Union of Biological Sciences (IUBS). Although stored
internally in a variable-length structure, data may be converted from and into various other formats.
The database can be queried with either Advanced Revelation's native query language or with
Structured Query Language (SQL).

Case study 7.1 continued overleaf
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Structure. Modules (eg in situ and ex situ conservation modules) within BG-BASE can be grouped
into three major areas:

* Taxonomy and nomenclature: The central table is NAMES, which tracks scientific and common
names (in multiple languages); synonymy; life form; native range (historical and current); hardiness;
global conservation status; presence on CITES Appendices; phenology; and descriptive details; the
various rules and recommendations of the botanical and horticultural codes of nomenclature are built
into this table. The GENERA table stores family and subfamily assignment, common name(s) and
presence on CITES Appendices at the generic level. The FAMILIES table principally links to the
upper-level taxonomic tables as well as tracking presence on CITES Appendices at the family level;
it also incorporates several of the major phylogenetic schemes showing the evolutionary relationships
between families.

* Georgraphy, distribution and conservation: Th& DISTRIBUTIONS table links taxa with defined
geographic areas and tracks conservation status within the area, legal status, threats, abundance, date
last seen, and so on. The OCCURRENCES table tracks non-specimen-based OCCURRENCES of
taxa in geographic areas. The PLACES table serves as a gazetteer, tracking both general areas and
exact localities along with synonyms and nested hierarchies with other gazetteer records. The BRUS
table stores information on the Basic Recording Units of the World Geographic Scheme mentioned
above; it contains about 600 records in a four tier hierarchical system. The COUNTRIES table
employs the ISO standard for all countries of the world.

* Collection management: The ACCESSIONS table tracks information on incoming living material-
its name, source, provenance, wild-collection details, type of propagule, and genetic lineage. The
PLANTS table links accessions to defined areas within a collection and also tracks history of
movements, health, and measurements of individual or massed plants. The SPECIMENS table, along
with its associated LOANS and LABEL FORMATS tables, tracks herbarium and other preserved
specimens, and also permits the production of specimen labels. The HERBARIA table tracks the
world's herbaria, based on Index Herbariorum. The VERIFICATIONS table tracks determinations
and verifications of both living and preserved collections. The PROPAGATIONS table tracks sexual
and asexual propagations of the living collection, and the QUARANTINES and SHIPMENTS table
handle both incoming and outgoing material. The LINEAGES table links genetically identical
accessions. The COLLECTOR table tracks collectors of both living and preserved materials.

All these are linked to the DS (data source) table, which handles full bibliographic details about
published and unpublished references.

iii Networking, collaboration and twinning
Botanic gardens working in isolation are bound to duplicate work and miss opportunities.

Networking, collaboration and twinning are methods of joining together for a common purpose and

benefits include rationalising approaches to plant collections, avoiding duplication, ensuring

adequate cover of species or research, as well as sharing resources, techniques and opportunities.
Some of the benefits of joining together have already been mentioned in Chapter 6 which dealt with
conservation.

Networking can refer to a network of botanic gardens or a network of plant collections, or a
network of databases; the second of these is the most relevant to this thesis but the others are

important also. Networking usually (but not necessarily) involves more than about four or five

gardens but may include several hundred. Collaboration overlaps with networking but usually refers
to collaboration with a particular project or research and usually involves less than four or five

gardens. Twinning normally occurs between two gardens, often between a developed and developing
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country, and the reasons often include training, technology transfer and access to plant material.

Networking is described first.

Networking

a) Networks of botanic gardens. These have generally been created to enable staff to meet and

resolve particular issues or exchange technical information. Networks exist at international, regional
and national levels; examples of each are given in table 7.1.

International:
International Association of Botanic Gardens (IABG)
Botanic Gardens Conservation International (BGCI)
European Botanic Gardens Liaison Committee

Regional:
Association Ibero-Macronesica de Jardines Botanicos
Association of European-Mediterranean Botanic Gardens (a regional division of IABG)
Australia-South Pacific Regional Division of IABG
Pan-African Association of Zoological and Botanical Gardens
Associacion Lationoamericana y del Caribe de Jardines Botanicos (ALCJB)
Association of Euro-Asian Botanic Gardens

National
American Association of Botanic Gardens and Arboreta (AABGA)
The Mexican Association of Botanic Gardens
Dutch Botanical Gardens Foundation (SNP)
Australian Network for Plant Conservation
Association Francaise des Pares Botaniques
Consulting Committee of Botanic Gardens (Czech Republic & Slovakia)
Chinese Association of Botanic Gardens
Indian Universities Botanic Gardens
Jardin Botanicos nacinal de Cuba
Korea Association of Botanic Gardens
The Council of Botanic Gardens of Russia
Table 7.1. Examples of botanic garden networks.

The IABG is the official umbrella organisation for botanic gardens and arboreta all over the

world and was established as a commission under the International Union of Biological Societies

(IUBS) in 1954. Its main outputs have been the organisation of three-yearly conferences and a

directory of botanic gardens. However, with Presidency being taken-on by the Director of a botanic

garden who was probably already overladen with work, no funds and no permanent base or

secretarial help there was little that IABG could realistically achieve. Indeed much of IABG's time

seems to have been spent in trying to decide how to progress; the title of its 1981 Conference in

Canberra, for instance was "The International Association of Botanic Gardens: Its Future Role'.

However, for many years IABG was the only international forum where botanic garden staff could
meet to discuss issues and in this context, and in the publication of the Directory ofBotanic Gardens
it provided a worthwhile service. Additionally, unlike BGCI whose main focus is conservation,

IABG's remit included all aspects of botanic garden work.

The creation of BGCI in 1987 has already been mentioned in Chapter 6; it essentially arose

from the need for botanic gardens to increase their work on conservation and its overall aim was to

stimulate work in this area. Its specific objectives are to:
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a) promote the implementation of the Botanic Gardens Conservation Strategy;

b) monitor and co-ordinate ex situ collections of conservation-worthy plants:

c) develop a programme for liaison and training;

d) develop a programme for education and environmental awareness in botanic

gardens:

e) arrange a botanic gardens conservation conference every three years.

In addition BGCI has promoted both national and regional cooperation among botanic

gardens, having 300 members in about 70 countries. With a permanent base in the grounds of RBG
Kew and a staff of approximately five it has been able to achieve much (see Table 7.2) to the extent

that its efforts have almost eclipsed those of IABG. To clarify the purpose and relationship of these
two major botanic garden organisations a Memorandum of Agreement was signed in 1993 (see Case

study 7.2).

* Organisation of three international congresses, plus publication of the Proceedings
* Publication of the journal Botanic Gardens Consen-ation News
* Publication of Boletin de los Jardines Botanicos de America Latina
* Publication of the journal Roots- the BGCI Education Newsletter
* Publication of many reports and surveys, for instance Conifers ofConservation Importance- a
Preliminary World List, Cultivation and Propagation Methodsfor Plants in Botanic Gardens: a
Sample Database and A Handbookfor Botanic Gardens on the Reintroduction ofplants to the Wild.
* Publication, in conjunction with WWF and IABG, of the International Directory ofBotanic
Gardens
* BGCI also helps individual botanic gardens with sources of grants and helps put people in contact
with each other
* BGCI staff travel a lot to give advice where needed and contribute to conferences
Table 7.2. A selection of recent achievements by BGCI

CASE STUDY 7.2. CO-OPERATIVE AGREEMENT BETWEEN BGCI AND IABG

In September 1993, a new wide ranging agreement, in the form of a Memorandum of Agreement
(MOA) was signed between BGCI and IABG. The MOA was signed on behalf of their respective
organisations by Professor Vernon Heywood, consultant Director, BGCI, and Professor Kunio
Iwatsuki, President, IABG at the XI IABG Conference in Wuxi, China, from 7 to 10 September.

The aim of the agreement is to develop close co-operative links between BGCI and IABG for the
purposes of fostering the development of the world network of botanic gardens and arboreta, towards
researching, documenting, conserving and utilising the plant resources of the world; developing the
capacity of botanic gardens and their staff in every country in the world for this task and to promote
the role of botanic gardens in environmental education.

A series of specific aims and activities for both parties to the agreement is outlined in the MOA
whereby BGCI will help to co-ordinate IABG's activities and provide a secretariat for its operations
in return for assistance in securing resources to allow the involvement ofmany more botanic gardens
in this international network than has proved possible in the past.

Case study 7.2 continued overleaf
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A summary of the main points of the agreement are given below. Its aims are:

a) to provide a framework for continued on-going co-operation between the world's two major
botanic garden organisations, BGCI and IABG
b) to strengthen the worldwide network of botanic gardens and arboreta
c) to ensure that each botanic garden and arboretum in the world has access to the latest in
formation on techniques, strategies and procedures relevant to botanic gardens and their activities in
conservation, education, science, horticulture and other fields through wide distribution of relevant
manuals, newsletters and other publications
d) to allow the creation of a structure by which the Secretariat of BGCI may provide services to the

membership of IABG, on behalf of the Council of IABG, and to organise and operate the day to day
programmes of the organisation
e) to provide a means for the transfer of financial and other assistance from IABG to BGCI to allow
it to undertake services for the IABG membership,(Anon, 1994)

While international organisations are important for co-ordinating international affairs, so

regional and national networks have an important role to play in co-ordinating national and regional
affairs. The latter play an intermediary role between individual gardens and the international

organisations.

The European and Mediterranean botanic gardens, for instance, have been united into the first
of a number of suggested regional divisions of IABG. A provisional board was set up in 1982 and

began work immediately. A small newsletter was started and two international meetings had been

organised by 1987. The initial main responsibility, namely the formation of a working and

communicating regional division of IABG, have therefore been achieved. However, this was only the

start of what is hoped will be a dynamic group. The next stages are planned to be as follows:

a) Preparation of a constitution taking into account the future existence of several

regional divisions of IABG,

b) Creation of a functioning infrastructure for the many administrative problems
connected with the organisation of so many and so different botanic gardens,

c) Setting up of working groups, for instance during the Durham meeting two working

groups were set up to examine the policies of collections and seed distribution,

d) Practical collaboration between botanic gardens of this huge region and those of
other parts of the world, especially those of the tropics,

e) Involvement in plant conservation projects within and outside the European-
Mediterranean area. (Em, 1987)

The objectives listed above are typical of regional groups. National groups tend to be a bit
more variable in their objectives as is illustrated in Cases studies 7.3 and 7.4, below.

CASE STUDY 7.3. THEMEXICAN ASSOCIATION OF BOTANIC GARDENS

In 1980, at the first Course for Technical Staff of Botanic Gardens, the importance of co-operation
and unity between botanic gardens in Mexico was discussed. As a direct consequence of this The
Mexican Association of Botanic Gardens was founded in 1983.

The objectives of the Association are as follows:

Case study 7.3 continued overleaf
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1 To establish contact with other botanic gardens in the country and to exchange ideas and
information;
i by publishing a newsletter to keep other members informed,
ii by organising conferences, symposia, etc;
iii by forming a bank of botanical and bibliographical
information.

2 To promote the establishment of other botanic gardens within the country to form a representative
collection of the local flora;
i by studies of different ecosystems;
ii by giving suggestions as to possible sites for botanic gardens

3 To contribute to prevent the extinction of native species and promote the use of native flora;

4 To promote finance for research, specifically for:
i courses in horticulture, taxonomy and botanic garden administration;
ii buying materials in bulk;

5 To promote the botanic gardens and an understanding of their importance.

An early objective of the Association was the publication of a National Inventory of Botanic Gardens
in Mexico and an inventory of all living collections.

CASE STUDY 7.4. PLANTNET, THE PLANT COLLECTIONS NETWORK OF THE
BRITISH ISLES (PCNBI)

This recently formed network has as its draft objectives to:

i provide a forum for meeting and exchanging information about the major plant collections in the
British Isles,
ii encourage the highest standards of practice in all aspects of the management of plant collections,
iii increase the general awareness of the value of plant collections

These objectives would be achieved by linking these activities to European and worldwide networks
of plant collections.

In providing a forum for discussion networks of botanic gardens are vital for the efficient

management of collections. They allow for the exchange of new ideas, techniques and ways of using
the collections. In terms of disseminating information about collections, BGCI in particular, has

provided an invaluable service. Their listings of the rare, threatened or endangered species held by
each garden, for instance, has been particularly useful. It is only by establishing what plants other

botanic gardens hold that curators can begin to rationalise their own holdings.

b) Network of plant collections. Perhaps the 'ultimate' use or goal of networks or associations
is the national or regional organisation of plant collections. In theory, at least, these make very good
sense although they may be difficult to establish in practice. The general idea is that there would be a

national, rather than individual garden, collections strategy. Individual botanic gardens would

therefore grow only selected plants rather than attempting to grow a bit of everything as at present.

This would allow individual gardens to:

- grow those plants best suited to their climatic and soil conditions,
- grow those plants in which it had a special interest (e.g. research or historic interest)
- specialise in the cultivation of those groups,
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- grow a fully representative collections of designated genera or families, and
- cultivate more than one or two individuals of each species, or even fully genetically

representative collections.
To take a very simple example within the UK, RBGE might be responsible for 'cooler and

wetter' genera such as Primula and Meconopsis while RBG Kew might be responsible for 'warmer
and drier' genera such as Caragana, Robinia and American Quercus.

Critics may not like the authoritative approach and would argue that their garden needed
certain species that were not delegated to it or that being forced to grow many, possibly similar

plants, would make the garden boring. However, none of these concerns are founded. A national

plant collections policy would simply allocate families or genera to certain gardens based on climatic
or soil suitability, research interest, and also, possibly, on historic precedence. It would then be that

garden's job to cultivate a 'representative collection' of those plants which would then become the

nationally recognised reference collection of that group. Other gardens would not then need to grow

vast collections of that group and would therefore liberate ground to concentrate on their allocated

species. However, if a garden wanted to grow certain species that were not allocated to it, say for
education or amenity purposes, then they could of course still do this.

Dutch botanic gardens, under their Association, the Dutch Botanical Gardens Foundation

(SNP), organise what they have called a 'Decentralised National Plant Collection Scheme', which is
administered from the Botanical Gardens of the Agricultural University of Wageningen (see case

study 7.5). The purpose of the scheme is to rationalise plant collections within a national framework
so that duplication and gaps are avoided leaving individual gardens to concentrate on certain groups.

These groups, usually genera or families, or geographical sections of those genera/families, are
allocated according to 'historical precedence', facilities, research activity and expertise. The plan is

good in principle but many problems exist in practice, notably in deciding which garden should be

responsible for each collection. The Vrije University Botanic Garden, for instance, collaborates in the

scheme and is responsible for cacti and succulents, certain orchids, Bromeliaceae and hardy ferns, to

name but a few. Leiden University Botanic Garden also collaborates and is responsible for Hoya,
Dischidia and Asian orchids, whileWageningen is responsible for Compositae and many woody

genera and families such as Weigela, Caprifoliaceae and Rosaceae.

CASE STUDY 7.5. THE DECENTRALISED NATIONAL PLANT COLLECTION IN THE
NETHERLANDS

University Botanic Gardens in the Netherlands are diverse in many aspects and their foundation
dates range from 1590 (Leiden) to 1967 (Free University, Amsterdam). Although diverse in purpose
and facilities, their collections eventually became very much the same. Many plants were introduced
from the wild in the 17th and 18th century, with another flush in the second half of the 19th century,
but by the 20th century the Dutch gardens contained little more than the 'standard' botanic garden
flora, with much duplication.

In the 1970s a new generation of garden botanist came into office. In addition, in many gardens the
traditional management structure of a nominal director and a 'hortulanus' who acted as the Director
loosened and a consequence was that a new critical evaluation of the collections and collection
policies took place. Case study 7.5 continued overleaf
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Changes in the academic world also resulted in a restructuring of botany courses with designated
centres for taxonomic research. Initially Utrecht, Wageningen and Leiden were the universities that
provided full courses in taxonomy and were also designated as research centres. At the gardens of
these three universities, full time scientific directors were appointed, a decision that further
facilitated the development of new policies.

Discussions at a national level, relating to the future of botanic gardens were initiated by the Royal
Botanical Society in the Netherlands in 1976 and were continued by the Royal Academy of Sciences
but the suggestion to create one 'national' garden was never taken into consideration. In 1979 its
Commission on Botanic Gardens, published a report on Dutch University Gardens, followed in 1982
by a memorandum Towards a National Decentralised Plant Collection.

The main theme in both reports was the idea of integration between the gardens on the collection
level to optimise the use of the collections and facilities. These proposals were pursued and at the
1986 IABG conference in Durham the project was presented as an initial concept.

The goal of this Decentralised National Plant Collection (DNP) is best described in resolution 2.4 of
the 1978 Kew Conference Survival or Extinction: The Practical Role ofBotanic Gardens in the
Conservation ofRare and Threatened Plants:

- "To co-ordinate on a continuing basis, information on specialist holdings in Botanic Gardens, with
the aim of reducing excessive duplication, of making best use of existing collections on a wide range
of taxonomic groups, both in seedbanks and traditional cultivation".

One of the most important startingpoints was, and still is, that a garden, in its capacity as guardian of
a particular taxa or taxon or group of taxa, is also responsible for the taxon or taxa in the other
participating gardens. To fulfil this task, all available knowledge is mobilised to support the quality
of these collections in the other gardens on the scientific level (e.g. taxonomy, nomenclature and
publications) in addition to ensuring adequate representation without excessive duplication.

The DNP is the only scheme known where collections are held in a decentralised, nationally
organised and rational way. This case study does not attempt to describe in detail the organisation of
the scheme. Further details, however, may be seen in van Vliet (1989).

The following gardens currently participate in the DNP.

Botanic Garden 'DePlantage', Amsterdam
Botanic Garden Free University, Amsterdam
Succulentarium, Flevohof, Biddinghuizen
Botanic collection Zoological Garden Blijdorp, Rotterdam
Garden of the Technical University, Delft
Botanic Garden "DeWolf', Haren (Groningen)
Botanic Garden State University Leiden, Leiden
Botanic Garden Catholic University, Nijmegen
Botanic Garden State University Utrecht, Utrecht
Botanic Garden Agricultural University, Wageningen

The following are collections which in the near future will participate in the DNP.

Arboretum Trompenburg, Rotterdam
Arboretum Poort Bulten

Botany Department Artis Zoo, Amsterdam
Botany Department Burger's Zoo, Arnhem
Botanic Garden Kerkrade
Hortus Bulborum, Limmen

The map overleaf shows the location of the main collections in Holland.

Case study 7.5 continued overleaf
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Plant Collections in the Netherlands

The Dutch scheme is the only one known to the author which covers all plants. However,
there are other schemes involving networks of plants, notably conservation plants, such as the
NCCPG (see Case Study 7.6) and the CPC national ex situ conservation network which has already
been described in Chapter 6 and a similar Canadian scheme (see Case Study 7.7).

CASE STUDY 7.6. NATIONAL COUNCIL FOR THE CONSERVATION OF PLANTS AND
GARDENS (NCCPG)

The NCCPG is an independent charity based at the Gardens of the Royal Horticultural Sociey (RHS)
at Wisley. It was formed in 1979, as a result of the RHS Conservation Conference and in the light of
serious concerns expressed at the rapidly decreasing number of garden plants available to the
gardener and professional horticulturists. Surveys and research on the naturally occurring,
endangered flora ofmany countries were under way; however, little or no co-ordinated work had
been done on the conservation of plants in British gardens.

A number of reasons were identified concerning the disappearance of garden plants. The most
significant included: propagation (difficult or slow to propagate plants were being avoided by
commercial nurseries); disease; genetic instability (especially after many generations of propagation),
and; fashion (fashion in plants, like music and clothes, is transitory and tends to run in cycles).

Case study 7.6 continued overleaf
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The main aims of the NCCPG are:

* To encourage the conservation of uncommon plants, which are valuable because of their historic,
aesthetic, scientific or educational value, by propagating and distributing them as widely as possible.
* To list plants held in important collections and gardens excluding the major Botanic gardens.
* To encourage the widest possible cultivation of uncommon and endangered plants by arranging
conferences, exhibitions, and discussions, and visits to gardens, specialist plant collections and
nurseries.
* To encourage the re-introduction and distribution of uncommon and endangered plants.
* To establish and support National Collections of specific genera, part genera and other defined
collections of plants, for the enjoyment and information of the public and for the benefit of science.
NCCPG consists basically of two inter-related parts, the Membership and the National Collection
Scheme. The former consists ofmore than forty autonomous, county-based local groups with a total
membership of over 7,000, who organise their own events and activities. The National Collection
Scheme organises the holding of National Collections of various plants. Today there are 600
National Collections representing 48,000 taxa of which 36,000 are cultivars and 12,000 are species.
An analysis of the Collections show that they comprise approximately 37% herbaceous plants, 31%
shrubs, 17% trees, 6% bulbs, 4% ferns and 3% exotics. 30% of the Collections are held by private
individuals while other holders include County colleges, Local Authorities, National Trusts, botanic
gardens, museums, zoos, societies and commercial nurseries.
See Figs. 7.6-7.8.

_

Fig. 7.9. National Collection of Rhubard' at Harlow Carr Botanic Garden

CASE STUDY 7.7. CANADIAN PLANT CONSERVATION PROGRAMME

The need for a national programme concerned with the conservation of cultivated collections of rare
native and non-native species was identified during the annual meeting of the American Association
of Botanic Gardens and Arboreta (AABGA) in Edmonton, in 1984. A discussion among directors
and other representatives of Canadian botanic gardens resulted in a suggestion that the Canadian
Plant Conservation Programme be founded. It was suggested that the Canadian programme would
fulfil three important requirements:

- firstly, it would form an information network among Canadian botanic gardens,
- second, it would complement, and would be complemented by, other plants conservation

programmes, and,
- third, it would fill an acute need for the provision of a national and professional avenue of
communication among botanic garden staff and students about conservation programmes involving
plants in cultivation, gardens, and plants and their natural habitats in Canada.

Case study 7.7 continued overleaf
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Seven specific objectives of the programme were outlines:

i To promote research into the propagation and maintenance in cultivation of genotypes considered
rare, threatened or endangered.
ii To organise a central secretariat (Canadian Centre for Plant Conservation - CPCP) which would
co-ordinate a national inventory of specialised collections maintained at Canadian botanic gardens.
This might also be extended to the identification of and listing of rare and threatened plants in
private gardens.
iii To produce and circulate a newsletter to contributing institutions and individuals. Topics would
include items of professional interest to conservationists and keen amateur plantsmen.
iv To produce an advisory service to individuals (professional; or amateur academic or commercial),
that would locate materials (i.e. specific genotypes) for research, propagation, distribution or
reintroduction.
v To assist in, and/or provide political and/or logistic support for, the conservation of valuable plant
collections and/or species in danger of being destroyed.
vi To sponsor a programme ensuring a uniform signage system to identify, to the public,
participating gardens and their specific major collections. (This would inform the public of the
programme and help them understand its objectives).
vii To encourage systematic maintenance of various plant groups at their most appropriate
geographic centres.

Finally, the brief included a proposal for the establishment of a national botanic garden database.

National plant collection networks offer a logical way forward. At present the vast amount of

duplication between botanic gardens within individual countries, let alone throughout the world,

represents a waste of resources. It was very noticeable during the European study tour that virtually

every botanic garden visited had large cacti and succulent collections, each of which was reckoned to

be "the best collection in Europe". Rationalisation would mean that more species could be grown and

in greater number, with greater genetic representation. While the record keeping for this would have

been very difficult in the past the use of computers now makes this a realistic proposal. The main

problem is almost certainly a human one in that staff would jealously guard their existing collections
and would not wish to relinquish material. This certainly appeared to be the case in Holland and was

frequently cited by Germans when the point was discussed. Another problem is the transient nature
of some botanic garden collections, especially those linked to specific research projects. Once
finished with a garden may wish to dispose of a collection but if it was the designated holder of that
collection it might be barred from doing so. However, this is a procedural problem and should not be
used as an excuse to jeopardise the whole concept.

c) Network of databases. One step removed from networks of collections, but still extremely
useful, is the concept of networking, or at least accessing, the plant collection databases of other

gardens. Since many garden's collections are now computerised, and since such data can be accessed

easily through telephone lines and modems, it is now, in theory, possible to view the collections

databases of other gardens. At present it is not possible to view very many collections but as more

equipment is installed, and as more access agreements are negotiated, so this is going to become far
more common.
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Fig. 7.10. Rationalisation of botanic gardens collections by greater collaboration would avoid duplication
and ensure a greater geographic and genetic base for collections

The possibility of viewing the collections of others should make the rationalisation of

collections possible and indeed speed up the location of plants required by users. If a garden wished
to increase its collection of, say, Fagus it would be possible to see what species other gardens held

and, depending on the quality of those other holdings, decide whether it was worth establishing a

new collection. While the full rationalisation of collections may, in theory, be ideal, but in practice be

very difficult to negotiate, so the networking of databases, though not so idealistic, may well prove
more realistic. Indeed, at the inaugural open meeting of PlantNet (see Case study 7.4) held at

RBGE, it was suggested that such a network of databases would probably be the most workable and
the most useful outcome of such an organisation.

A good example of the use of networked databases comes from BGCI who maintains a

database of the rare, threatened or endangered species held by botanic gardens. By accessing botanic

garden collections databases (or receiving the information by post if direct access is not yet available)

they can extract, and continually update, a record of these plants held in cultivation worldwide.

However, before such networks could be established the problem of standardisation of records
had to be resolved and for this reason the International Transfer Format for Botanic Garden Records

(ITF) was created. This stipulates a certain minimum amount of information that must be held about

a plant and also the format that it is cited and recorded in. Cullen et al (1987) gives a good account
of ITF. An updated second version is currently being negotiated.

To summarise, the main benefit of these networks is that it allows plant collections managers
to view the holdings of others and therefore to rationalise (i.e. reduce duplications) of their own

holdings.

Collaboration

Collaboration between botanic gardens and between botanic gardens and other organisations
allows for the more flexible use of resources, technology transfer and the sharing of staff and funds to
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name but a few benefits. In many cases research projects have involved collaboration in order that

specialised equipment or staff skills, located at different centres, could be brought together. The

recently established Edinburgh Centre for Tropical Forests (ECTF), for instance, which includes
about five Edinburgh-based institutions with expertise in tropical forests, was formed especially so

that teams of staff from different institutions could be brought together for the duration of a

particular project.
One of the prerequisites for collaboration is a knowledge of what expertise or equipment

others have and in this context both the increase in Information Technology (IT) and in networks of

botanic gardens (described above) have a role to play in making information available and bringing

staff together.

In terms of plant collections, collaboration particularly in the form of co-operation is

important, for instance in attempting to create the national collections described above. Formal

collaborative ventures, however, are fairly infrequent but have included such things as joint

collecting trips to obtain material for live plant collections and collaborative training exercises.

Simmons and Beyer (1987), for instance, have proposed that ways of encouraging greater co¬

operation in training and technical liaison between the botanic gardens of the world should be

formulated. Less than a quarter of gardens provided any training facilities, indicating the great need

for training courses and their paper makes specific proposals about the training required at various

levels. On technical liaison, the greatest need was for collaborative development on living

collections. They suggest that to achieve this, a draft multilateral agreement between gardens should
be prepared, which could then be ratified by IUCN. To date little of this has been achieved.

Although it may seem surprising to need to mention this, greater collaboration between

departments within botanic gardens could make a significant impact on the operation of botanic

gardens. In many cases the scientific and horticultural staff work in complete isolation of each other
to the detriment of the whole institution. This was mentioned on many occasions during the study

tours and is described in more detaii in subsection viii, below.

Twinning

Twinning was cited by the Botanic Gardens Conservation Strategy (IUCN/WWF/BGCI, 1989)

as one method of promoting conservation within botanic gardens. But twinning can be used to

achieve much more. Twinning agreements are normally arranged between two gardens, often
between developed and developing countries, and at the simplest they establish a 'special

relationship' between the two gardens. At best they can be used to promote a whole range of activities
or collaborative ventures ranging from research to training and from infrastructure development to

technology transfer.

Most are agreed that to be successful:

i both gardens must benefit,
ii the agreement should not be on a 'for ever' basis,

iii there should be at least some specific aims along with a timetable rather than a

simple friendship type of arrangement without any specific outcomes.
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In the twinning arrangement between RBGE and the Kunming Botanical Garden, for

instance, RBGE benefits from the logistic and administrative support given to its expeditions to

China as Kunming arranges visas, permits, transport, documentation and the export ofmaterial.

Kunming benefits from training, indirect financial support (e.g. reduced bench fees, help with air

fares and charges levied on RBGE's expeditions to China) and technological advice.

Case Study 7.8 describes the twinning arrangement between a botanic garden in Costa Rica

and the USA.

CASE STUDY 7.8. TWINNING OF THE ROBERT AND CATHERINE WILSON
BOTANICAL GARDEN (SAN V1TO, COSTA RICA) AND THE UNIVERSITY OF
CALIFORNIA BOTANICAL GARDEN AT BERKELEY (USA)

In 1988 these two gardens agreed to become "Sister Gardens". The decision to formalise their
relationship grew out of the success of co-operative efforts during the previous year and a half. The
Wilson Garden is a public garden serving a rural agricultural community in southern Costa Rica. It
is also a field station for the Organisation for Tropical Studies (OTS), a consortium of 40 United
States and Costa Rican universities dedicated to education, research, and the wise use of natural
resources in the tropics. The University of California Botanical Garden is a public garden as well as
a research and educational institution serving the Berkeley campus. It is located in the San Fransisco
Bay Area, a metropolitan region ofmore than five million people with a Mediterranean climate. In
spite of the superficial differences between the two gardens, a shared focus on research and education
and the commitment to plant conservation provided a strong basis for partnership.

A grant from the Stanley Smith Horticultural Trust financed several joint curatorial and educational
projects. A computer was purchased for the Wilson garden along with programmes for
computerisation of the plant records system, BG-BASE (see Case study 7.1). Staff from the U.C.
Berkeley garden made several trips to Costa Rica to discuss curatorial and educational needs with the
Wilson Garden director. Many techniques used in the temperate garden transferred easily to the
tropical setting. For example, a new map brochure was designed and produced for theWilson
Garden using a recently completed publication form the Berkeley garden as a model. Logistical
factors such as the difficulty of communicating over long distances, language differences, and
financial constraints pose problems requiring creative solutions but they can be overcome. Future
programmes include a course offered through the University of California, such as 'Tropical
Conservation Education'. Students may study curatorial and educational techniques in the U.C.
Berkeley Garden before spending six weeks applying their training at the Wilson Garden and at the
La Selva Biological Station, another OTS field station in Costa Rica. The "Sister Garden" approach
provides one model of how tropical and temperate botanical gardens can develop mutually beneficial
programmes by building upon similarities in their objectives. Differences between institutions can be
used to mutual advantage, providing the staff of each garden with exposure to different biological,
cultural, and socio-economic environments. (Affolter, 1991)

As demonstrated so often before in this thesis, twinning does not necessarily benefit the live

plant collections directly, but in involving the whole institution generally, has a 'spin off beneficial

affect on the live plant collections.
iv Design and types of planting
The way in which botanic gardens display their plants is a result of their history, the policies

and funding of the garden and of course of the individuals concerned. Something of the types of

planting have already been mentioned in the literature review and also in Chapter 5 on education. In

general, planting types can be described under the following headings: visual display, taxonomic,
order beds, geographical (or phytogeographical), ecological, historical, educational and, of course
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most typically, hybrids between some or all these types. Figs. 7.11 - 7.32 illustrate these types and the

information below briefly describes their main attributes.
* visual display - colour, horticultural 'features', and the use of cultivars, bedding schemes,

herbaceous borders and rock gardens dominate these gardens which typically have a small research

function and rely on town councils or entry fees for funding. Design is dominated by the requirement
of spectacular planting schemes, These gardens typically exist for public recreation. Question 23 of
the questionnaire showed that 9.8% of botanic gardens included colourful displays within their three
most important methods of plant display. Examples of botanic gardens that include significant areas
of visual display include: Longwood, Singapore, Palmengarten, Brooklyn and Missouri (see Figs.

7.11-7.13).

Fig. 7.11. Philodendron, bougainvillea and caladiums grown for visual display at Marie Selby Tropical
Garden.

Fig. 7.12. Japanese garden at the Huntington Fig. 7.13. Potted chrysanthemums on the
Botanic Garden. steps at Chicago.
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* taxonomic - in this type of planting species of the same genera or species and genera within
the same family are planted in close proximity for easy comparison. These are good for student plant
identification sessions and for taxonomists or others studying the plants. Problems usually arise in

time when the space for a group runs out yet new plants arrive and require planting. Quality of

design may be somewhat lacking in these gardens as the prime requirement of the plantings is to

support research and education at higher levels. Question 23 of the questionnaire showed that

15.5% of botanic gardens included 'species of a genus in close proximity for comparison' (i.e. a
taxonomic planting) within their three most important methods of plant display. Examples therefore
include gardens whose prime concern is taxonomic research such as RBGE, RBG Kew, the Arnold

arboretum, New York and Munich (see Figs. 7.14 & 7.15).

Fig. 7.14. Plantings of cacti at Huntigton
Botanic Garden.

Fig. 7.15. European saxifrages at
Cambridge

* order beds - the 'ultimate' example of taxonomic gardens are order beds which were devised

specifically for teaching taxonomy to university students and are therefore typically found in

university botanic gardens, In these gardens, examples of which are shown in Figs. 7.15 - 7.16, a
number of species from each family are grown in small beds which themselves are often arranged in
some type of taxonomic order; may order bed gardens are composed of a hundred or more

rectangular beds arranged in rows and therefore have a striking visual appearance. Order beds
followed the demise of taxonomic teaching and many were destroyed in the 1960s, while others were

redesigned and given a more 'user friendly' design so that they could be used by all. Examples of
traditional order beds include, Copenhagen, Stockholm, Munich, Kew, Amsterdam and Bonn while
some examples of newer designs include Tubingen and Leiden (see Figs, 7,16 & 7.17).
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* geographical or phytogeographical - the distribution or origin of the species is paramount in
these gardens which will include parts of the garden devoted to plants from, for example, China,
Africa or S America although in some cases the entire garden might be devoted to native plants in

which case the garden will be subdivided into regions of that country. Often these designs are

established in conjunction with ecological plantings. Such plantings are typical of a number of
botanic garden types ranging from government funded, through university gardens, even to town

council gardens. Question 23 of the questionnaire showed that 11.3% of botanic gardens included

'plants by country/region of origin' (i.e. geographical or phytogeographical plantings) within their
three most important methods of plant display. Examples include Calcutta and the Arnold
Arboretum: (see Figs. 7.18 & 7.19).

* ecological - in these gardens plants are displayed in pseudo-reproductions of certain habitats
such as forests, alpine meadows, marshes or even rubbish tips; often these are done using plants from
one country or a region and are therefore a hybrid between ecological and geographical plantings. As
interest in re-introductions and re-establishments of habitats increases so is interest in these types of

garden. Again, such plantings are typical of a number of botanic garden types ranging from

government funded, through university gardens, even to town council gardens. Question 23 of the

questionnaire showed that 17.3% of botanic gardens included 'ecological/habitat associations' within
their three most important methods of plant display. Examples include: Berlin, Dundee, Harare,

Tubingen and Hohenheim (see Figs. 7.20 - 7.23).

* historical - in some cases where botanic gardens are very old there is an interest in

maintaining the original design either as a work of art or as a piece of cultural heritage. These

gardens also have an educational role as they can be used to explain the changing nature of botanic

gardens, botanic research and the introduction of plants. The main problem of these gardens, as with
all historic gardens, is maintenance: plants grow, mature and die and it is not as easy to maintain the

historic plantings as the historic hard landscape. Examples include Padua, Amsterdam, Chelsea

Physic Garden and the reconstruction of the Clusius Garden at Leiden, (see Figs. 7.24 - 7.28).

* educational - in these gardens public and or student education is the prime policy, although
all the types of garden design described above (as well as 'cultural' gardens such as 'Japanese' or
'Italian' gardens) can be used for education if properly interpreted or explained. Educational gardens
often include demonstration gardens where biological process such as pollination mechanisms,

hybridisation and seed dispersal can be explained. These gardens are often used to display plants of
use to man also such as foods and fibres or medicinal and culinary plants. These gardens are

typically well interpreted and are often laid out near to education centres. Question 23 of the

questionnaire showed that 13.9% of botanic gardens included 'demonstrations of botanical

processes' and 'plants by use' within their three most important methods of plant display. Examples
include Brooklyn, Garden in the Woods, RBGE, Atlanta, DBG Phoenix, and Berkeley (see Figs. 7.29
- 7.32).
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Fig. 7.16. New order beds at Meise,

Fig. 7.17. New order beds at Tubingen

Fig. 7.18. Pyrenean alpines at Gothenberg. Fig. 19. North American natives at
Berkeley.
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* hybrids - the reality is that most gardens have a mix of styles and ways of displaying plants;
this is either deliberate policy so that different aspects can be shown in different parts of the garden

or has arising with changing fashions over a number of years. RBGE, for instance, has some areas

where taxonomic plantings predominate but also has ecological, geographic, education and display
areas.

It is also interesting to note that many gardens that are designated as botanic gardens now, did
not start off as botanic gardens. Kew's outstation, Wakehurst Place, and RBGE's specialist garden at

Dawyck fall into this category. Botanic gardens of this type may well not have a design that could be

described by any of the headings above. Often their designs were purely ornamental, often, if they

belonged to wealthy families, there were many garden ornaments and features such as terraces and

avenues. While most of these gardens retain at least some of these features, in most cases the design
has been corrupted over the years to accommodate the needs of botanical plantings. None-the-less the

original design of many gives the gardens as they now appear at least some visual coherence.
While it would certainly be true to say that botanic garden horticulturists have the skills

required to select and maintain species in the garden it is not always the case that they create good

designs. While many gardens were initially designed by professional landscape architects many have

undergone change with time and the result has not always been favourable. Creating designs for

botanic gardens is no easy task, mainly because they attempt to serve many types of people- the main

obstacles to successful designs include the following factors:
- gardens often need to incorporate several different aspects into a single planting, in

other words they need to be multifunctional, for instance to include plants for education,
conservation and display,

- plants from expeditions and other sources are continually being propagated and space

is required to grow them- it is not always possible to plan and plant in an organise coherent

way, often space for plants has to be found at short notice,
- it is seldom possible to plan a new, 'greenfield' area within an established garden and

when contemplating a new design it is seldom possible to scrap every plant in the area-

individual historic or conservationally important plants may remain causing difficulties with
the new design,

- finally, when designing new areas curators have to work with the plants available, not

necessarily what they would like. This is different to commercial landscape work where the

necessary plants are bought in, possibly from many suppliers. In botanic gardens, if the new

design is to include specific plants to support research or other functions, then these plants
need to be obtained from expeditions or exchanges from other gardens. Often plants are not

available, or they can be had in three or four years time, or they are available in the garden's

nursery but at different ages and sizes. All these conspire to make botanic garden plantings
more difficult than other types of horticultural situation.
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Fig. 7.20. Canarian natives at Munich. Fig. 7.21. New England natives at Garden
in the Woods.

Fig. 7.24. Historic buildings and order beds at Uppsala.
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v Genetic representation
The importance of this topic has been mentioned before in Chapter 6 which dealt with

conservation. It is true that the greatest relevance of the subject is in connection with conservation

but because it is one of the major collection management issues of the moment it is discussed in most

detail here. While the genetic diversity of plant collections has not been a great issue in the past it is

certainly considered important now although few gardens as yet are giving it much serious thought.
In this context it was interesting to note in Q22c of the questionnaire that a third of gardens (30.4%)

gave 'little emphasis' to genetic diversity and only a quarter (25.9%) gave it 'great emphasis'.
The single most useful source of information on the subject at the moment is Falk and

Holsinger (1991), even though many of the recommendations are somewhat impractical. A
somewhat more readable and simplified account, but still based on Falk and Holsingers work, is

presented by Guerrant (1992). Table 7.2^which summarises recommendations is taken from this
sources (which in turn was taken from CPC, 1991) and highlights the questions that must be asked.

The following brief account summarises the main points and refers mostly to plants collected from
seeds.

It is very important to appreciate that genetic variation in collections of live plants is needed
not only for conservation but also for taxonomy and other work that investigates variation within and

between species, such as cytogenetics and DNA analysis. It is important for education too, to

demonstrate aspects of populations, variation, provenance and demography.
The headings below highlight the main issues. Even though they are usually discussed within

the context of conservation they are pertinent to this section also.
1. How many populations should be sampled from? The CPC recommends sampling from

one to five populations per species. This figure, in fact, could have been based as much on

circumstances as on research as almost three-quarters of the roughly 2,300 plant species in the

Unites States being tracked by the CPC are known from five or fewer populations. Similarly, roughly
80% (38 out of 47) of the endangered species surveyed in southwestern Australia are found in five or

fewer populations (Brown and Briggs, 1991).

The most important consideration in the decision of how many populations to sample from is
the degree of genetic difference among populations and the history of site disturbance. In general,
more populations should be sampled from species with high diversity or in situations where gene

flow among populations is low, than from more genetically uniform species or those with high rates

of gene flow among populations. Factors that suggest high among-population variation are noticeable

ecotypic differentiation, isolation of populations either naturally or from recent habitat

fragmentation, and certain breeding systems. For example, although in absolute terms inbreeding

species typically have less total genetic variation than do outbreeding species, more of what little
variation they do have is distributed among populations. Thus, to acquire any given proportion of
total variation, a higher proportion of an inbreeder's populations will probably have to be sampled.
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Fig. 7.26. Historic statues and designed
landscape at Huntington.

Fig. 7.28. Classic colonial botanic garden
design at Peradeniya.

Fig. 7.30, Japanese garden at Huntigton.

Fig. 7.27. Traditional conservatory designs
and interiors at Missouri.
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Fig. 7.29. Model fruit and vegetable garden
at Chicago.

Fig. 7.25. Historic buildings at Uppsala.
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Decisions

Which species to How many populations How many individuals How many propagules
collect? sampled per species? sampled per population? taken per individual?

Recommended range 1-5 10-50 1-20

Target level of biological Species Ecoiype and population Individual Allele

organization
Key consideration Probability of loss of unique Degree of genetic difference Log of population size Survivability of propagulcs

gene pool among populations Genetic mobility within Long-term use of collection
Potential for restoration or Population history population

recovery

Factors affecting sampling decisions

Collect more

A

Collect less/fewer

High degree of endaogennent

Experiencing rapid decline

Few protected sites

Biological management
required

Economic potential

High integrity of communities

Many protected sites

Natural rarity

Stable condition
Low degree of endangennent

High diversity/limited gene
flow among populations

Imminent destruction of
populations

High observed ecotypic or site
variation

Isolated populations

Recently or anthropogcnically
reduced

Feasibility of successful
maintenance in cultivation
or storage

Possibility of reintroductioa or
restoration

Potential for biological
management and recovery

Recent or anthropogenic rarity

Self-fertilization

Boreal-temperate distribution

Protected populations or
naturally rare

Closely clustered populations
Low diversity/extensive gene

Sow among populations

High diversity among
individuals within each
population

Observed microsite variation

Mixed-mating or outcrossing

Extremely large populations

Herbaceous annual or short¬
lived perennial

Early- to mid-successional stage
Gravity-, explosively, or

animal-dispersed seed
Dicot or monocot
Temperate-tropical distribution
Wind-dispersed seed
Outcrossing wind-pollinated
Late-successional stage
Observed similarity among

populations
Long-lived woody perennial
Gymnosperm

Boreal distribution

Gymnosperm or monocot
Woody perennial

Low diversity among
individuals within Th
population

Low survivability of propagule

Planned use for reintroduction
or restoration program

Fragmented historical
populations

Small breeding neighborhood
size

Low survivability of propagules

Late-successional stage
Animal- or wind-dispersed seed
Temperate-tropical distribution
Early- to mid-successional stage
Dicot
Herbaceous annual or short¬

lived
Self-fertilizing
Explosively or gravity-dispersed

seed

High survivability of
propagules

Large breeding neighborhood
size

Low annual reproductive
output (indicates muitiyca-
collecnng strategy)

High survivability of
propagules

Table 7.2o.Summary of recommended guidelines for genetic sampling for conservation collections of
endangered plants, (Centre for Plant Conservation, 1991).
Note: Four basic practical decisions are addressed: which species to conserve, and the number of populations, individuals, and
propagules to be sampled for each species. For each decision, a recommended range is shown, along with an indication of the
relevant level of biological organisation and a summary of key considerations. Factors that influence the sampling decision are listed
in detail. Factors suggesting larger or more extensive collections are shown at the top of each column, while those suggesting smaller
or less extensive collections are given at the bottom.
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Fig. 7.31. Palms at Fairchild; palm and cycad Fig. 7.32. Chinese medicinal herbs with
research and education are a speciality. interpretive labels, (Berkeley).

Although in an intuitive sense, the more populations represented the better, CPC
recommendations incorporate a practical trade-off between the benefits and probability of acquiring

significant new genetic variants with increased sampling, and the costs associated with collection of

a particular species in relation to the needs of other species. In our world of great need and limited

resources, it seems reasonable to keep low the number of sampled populations per species, at least
until we have basic coverage of all threatened and endangered species.

2. How many individuals should be sampled per population? The bulk of a species' genetic
information is found in any 'typical' population. Consequently, decisions about how this and the next

question are answered will determine to a great extent the conservation value of the samples

collected. The purpose of sampling is to capture the significant fraction of a species' total genetic
information found within populations. The recommended range, ten to fifty individuals per

population (CPC 1991), is again perhaps smaller than what intuition might suggest.

The underlying reason for this apparently low number is that the allelic content of a sample is

proportional to the logarithm of both the population size and the sample size. Consequently, a strong
law of diminishing returns is in operation. Monomorphic alleles and those in relatively high

frequency are captured in early samples, and the chance of obtaining additional rare alleles declines

rapidly with increasing sample size. In a statistical sense, the first ten individuals sampled are as

important as the next ninety (Brown and Briggs, 1991)
Within the range of ten to fifty individuals recommended, key factors to consider in the design

of a sampling scheme are the population size and degree of genetic communication among

individuals within the population. Biologists should collect seeds from more individuals if there is
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may be indicated by high microsite variation within populations if the plants are self-incompatible or

if there is reason to believe the genetic neighbourhood size is small. Biologists should collect towards
the high end of the recommended range of individuals if the chance of raising successful offspring is
small. Although relatively more populations of inbreeders than outbreeders should be sampled, fewer
individuals need be sampled in populations of inbreeders than out breeders. This is because
inbreeders are less variable within populations than are outbreeders.

3. How many propagules should be collected from each individual? The sample size
recommended for this decision has a proportionally wider range than the others: one to twenty

propagules. This is in part because of large differences in our ability to successfully grow plants from
seeds or other propagules. Experience among CPC gardens suggests that perhaps an average

probability of a seed reaching sexual maturity is about 10 percent, but much lower values are
common. For example Wallace (1990) discusses an example in Florida in which 2,000 seeds of the
annual plant Warea amplexifolia were sown in an appropriate habitat. Six hundred seedlings

emerged, of which only sixteen survived to reproduce- a net yield in plants per seed of less than 1

percent.

Genetic variation and continuity are best maintained when each founder individual

contributes equally to anew population. In practice we do this relatively easily for female parents,

simply by collecting equal numbers of seeds from each parent sampled, or perhaps more realistically

by keeping track of seeds from individual plants. But it may be next to impossible to equalise the

contribution of different males in the population, because parental fitness can vary considerably

among males (Schoen and Stewart, 1986).
It is only when these types of issue are taken seriously by curators that botanic garden

collections will begin to have anything approaching the diversity of wild populations. And it is only
when they do that scientists will start to appreciate collections as useful research, conservation and

education resources.

vi Native vs exotic

The mix between native and exotic plants found in most botanic gardens deserves much more
attention than it currently receives.

The extent to which botanic gardens cultivate native or exotic species is usually determined by
a combination of factors which include the history of the garden, its status, funding and policies, the
wealth and research status of the native flora, the number of botanic gardens in the country and the

interests of the resident staff.

In northern Europe, for instance, it could be said that the native flora was not particularly
rich, it had been well-researched and there were many botanic gardens. Add to this the colonial

history of the countries involved and the climatic suitability (particularly in the UK) and the result is
that most have a greater interest in exotic species than in native ones. In Africa or S America, on the

other hand, there are few gardens and much work to be done on the flora. The results of Q22a and b

of the questionnaire bear out this supposition, although the questions concerned native and exotic

endangered plants not all native and exotic plants. Europe (in total) showed lower than average
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interest in native endangered plants but higher than average interest in exotic endangered plants. S
America showed much greater than average (17% above average) interest in the former, and was

below average in the latter.

It can easily be argued that the best place to grow and research native plants is in their native

country; the material is available, plants would grow well and local staff should be aware of local
needs. Growing tropical exotic species in, say, the UK costs a lot ofmoney not only to heat the

glasshouses, but also to go and collect the plants. This of course is true in principle but not always
the case in practice. In many situations, for example between Africa and Europe, the resources in
terms of historical records, documentation, staff skills and equipment may be better in the latter than
in the former. It is for these reasons allied to the display and education benefit of growing non

natives that many gardens appear to ignore their native plants. There is a role here for smaller or

regional gardens; while large gardens such as RBGE or Kew may devote most of their resources to

exotics it is reasonable for smaller or local gardens to devote much of their resources to natives or

even local natives.

The other factor that should be included is human interest; people enjoy growing interesting
or different plants and often these are not natives which are often perceived as dull by people from
that country. It was very interesting to note during the study tours, for instance, how many European
botanic gardens grew collections of plants from Madagascar or the Canaries or large collections of
cacti and succulents. These were normally justified under headings of research or education but the

real reason was probably the individual interest of the garden staff concerned.
It was also very noticeable during the study tours that in Europe collections of native plants

were poor (with notable exceptions such as at Berlin-Dahlem), both in terms of culture, genetic

diversity, display and interpretation. The only exception seemed to be some university botanic

gardens such as Tubingen and Hohenheim. On the other hand both North American and Indian

botanic gardens displayed large collections of natives.
While there are often many justifiable reasons for growing exotic plants it should also be the

responsibility of each garden to ensure that they have representations of local or native flora.

vii Links with users

Most botanic gardens, even if fairly small, have a combination of garden staff and then a

variable mix of in-house users such as education, research or conservation staff. Additionally, there
will almost certainly be other users such as visiting scientists, artists, the public and school children.
Plant collection managers have a very difficult task in trying to satisfy the needs of all these groups,

whose needs may often be in direct conflict. A plant accessions policy is the main tool devised to

ensure that plants are being cultivated in accordance with an agreed document. If this document has
been compiled following discussions with all users and if it is adhered to then few problems are

likely to occur, and if they do, then at least there is recourse to what was an agreed document.
While the use of accessions policies seems to be increasing, which is good, it still appears to

be surprisingly rare for the horticulture staff of botanic gardens to consult with others. All too often it
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appears that plant collection managers grow what they think is required which, on further

investigation, actually turns out to be what they want to grow. While the "I know best" attitude may
be understandable in the light of the many, possibly conflicting, demands placed on collections it is
absurd that so little consultation seems to take place.

The obvious solution to this issue is that plant collection managers simply must consult more;

they cannot, and should not, let the collections under their care drift away from the needs of users
into individual, almost private, collections which may change as often as the staff concerned.

viii Horticulturists and scientists- the problem of two diverse groups within one organisation
This issue is partly similar to the previous one, although it describes a different situation.

While it is probably true to say that in the majority of botanic gardens there are more factors linking
the horticultural and scientific staff than separating them, it is probably also true to say that the

relationship between these two key groups is not always as constructive as it should be. The study

tour interviews supported this view, although not always within the boundaries of the questions
asked. Q4, for instance, showed that horticultural staff generally received clear requests from
scientific or education staff detailing what they wanted from garden staff and from the collections.

The working relationship would appear to be straightforward; horticultural staff grow plants
for many reasons including research, and the scientific staff (including conservation and education

staff in this context) use them. In many situations a very close co-operation has developed between

individuals with the horticultural staff developing unique skills and being able to cultivate plants in

exactly the way required. Scientific staff, for their part, may have taken extra time to verify
unidentified plants or may have helped with curation and training. Instances during the study tours

and experience gained before starting this study have shown that there are situations where this is the

case; co-operation is excellent and both sides benefit greatly.
The study tour visits and previous experience, however, have also shown that such instances

as described above are uncommon; more often there is a considerable rift between the two groups

which benefits neither the individuals, the collections, the botanic gardens concerned or horticulture

and research in general. There is no intention here to suggest that there is open aggression between
the two groups, far from it, personal relations are often very good. It is just that there often appears to

be a difference in attitude, or a difference in the way work is carried out, or some difference in the

way decision making takes place. That these two important groups should work more constructively

together is certainly one of the great challenges facing botanic gardens. The possible reasons for

these differences is probably partly due to education and training and partly to do with in-house
terms and conditions. In some way the latter seems to reinforce the former. These possible reasons

are as follows:

1. Education and training
- * scientific staff normally train to at least undergraduate level and many also posses post

graduate degrees,
* horticultural staff normally train to below undergraduate level,
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- * the training given to scientific staff includes the methodology and requirements of
scientific research/

investigation,
* the training given to horticultural staff does not include this element,

- * the training given to scientific staff is often based on discussion and debate,
* the training given to horticultural staff is often more pragmatic,

2. In-house conditions.

- * scientific staff normally enjoy higher salaries and often progress up the promotion ladder,

which is usually clearly defined, quickly,
* horticultural staff are usually on industrial or manual wage rates, the promotion route is

often not clearly defined and progress up it is slow,
- * working hours and meal times for the two groups are often different, making social

interaction difficult

3. Nature of the work.

- * Scientific research is often slow (Floras may easily take 25 years to write), meticulous,
methodical and not always of a very practical nature,

* Horticultural work is very practical and physical, but in its own way also needs to be

methodical.

4. Career structures.

- * While there are generally rather few opportunities for botanic gardens scientists (because
there are few botanic gardens) it is still fair to say that career structures both within the botanic

garden in which they are working, and outside are more favourable and more clearly defined than for
horticultural staff.

This issue does not appear to be discussed in the literature and yet it is an issue that staff in all

botanic gardens are aware of. It was interesting to note during the study tours, however, that it

appeared to be more acute in larger botanic gardens. In smaller gardens there seemed to be less

demarcation between jobs and greater co-operation between staff.
While in reality these differences are perhaps not as acute as portrayed here there is no doubt

that if barriers between these two groups could be broken down then there would be a clearer

common purpose between staff, co-operation would improve and botanic gardens would benefit.

7.5. Result and analysis of Part 3 of the questionnaire (excluding the conservation questions)
Introduction. Questions in this part of the questionnaire related to the management and

display of the live plant collections. Qs 17, 18 and 21 concerned acquisitions policies that have been

discussed in section 7.4i of this chapter. Q22 enquired about the types of plant grown in each garden
and the emphasis given to certain groups. Parts a-d concerned conservation-type plants/issues and
were covered in Chapter 6. Parts e-h are included here. Q23 was a follow-on from Q22 and enquired
about the ways in which plants were displayed. Qs 24, 25 and 26, about conservation, have been

included in Chapter 6. Qs 27 and 28 enquire about entrance fees and the extent to which income
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from entrance fees influences garden designs. Q29, which was different from any other in the

questionnaire, asked curators for their attitudes to certain comments concerning the live plants and

the way in which they are displayed and used.

Question 17. Does your garden have a plant collections policy?
A plant collections policy (also known as an acquisitions or accessions policy) has been

described in detail in section 7.4i; it is essentially a document describing the range of plants that
should be collected and cultivated within a particular garden. It informs all staff of the garden's

policy towards species selection and ideally should be drawn up with consultation from all sectors of
the garden so that scientists, educators, conservationists and others can have an input into the

selection process to ensure that the plants selected and grown are those that are really needed.

Summary of Q17 results: world figures. 64.6% of gardens (representing 501 responses) said
that they had a plant collections policy; 31.6% (245 responses) did not and 3.9% (30 responses) did
not respond. In other words two thirds of the world's botanic gardens do have an accessions policy
and one third do not.

Summary of Q17 results: continental figures. The "Yes" figure from Asia, at 83.9%, was
almost 20% above average and was, in fact, the only continent above average. All others were close

to average with Africa lowest at 52.6%. Fig. 7.33 illustrates the results.

PLANT COLLECTIONS POLICY

90.0055

80.0055

70.00%

60.00%

50.00%

40.00%

30.00%

20.00%

10.00%

0.00%
Africa N America S America Asia Australa. Europe

Continent and average
^ Yes □ No

Average

Fig. 7.33. Percentage of botanic gardens with accessions policies; arranged by continent and including
the average.

Q17 Analysis and discussion. It appears odd that only two thirds of the world's botanic

gardens have what is arguably the most crucial document a botanic garden could have. It is also odd

that the figure for Asian gardens was so high. This one result has a significant affect on the world
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average; without the figure for Asia the average would be 58.9%, 5.7% lower than it was. If this were
the case then only just over half of the world's botanic gardens would have accessions policies. With

this result in mind it seemed worthwhile to extract the figures for individual countries from the

database to see if there were any peculiarities. The results are presented in Table 7.3. Africa was

lowest which was also surprising as it had generally scored highly in similar questions. Europe was

second from the bottom which was again surprising because of the generally good reputation

European gardens have when it comes to documentation and record keeping. For these reasons it
seemed worth extracting results from countries in Africa and Europe too (see Table 7.3).

Country A* B* % Country A* B* %
AFRICA Tailand 1 1 100.0%
Azore Is. 2 0 0.0% Taiwan 1 1 100.0%
Cameroon 1 0 0.0% Turkey 3 1 33.3%

Canary Is 1 1 100.0% USSR 84 73 86.9%

Egypt 2 100.0% Bangladesh 1 1 100.0%
Ghana 1 3 33.3% EUROPE

Kenya 1 1 100.0% Austria 7 6 85.7%
Malawi 1 0 0.0% Belgium 11 5 45.5%
Mauritius 1 1 100.0% Bulgaria 4 3 75.0%
Morocco 1 0 0.0% Czechoslovackia 11 5 45.5%

Mozambique 1 0 0.0% Denmank 4 4 100.0%

Nigeria 1 1 100.0% Eire 4 2 50.0%
Rwanda 1 0 0.0% Finland 6 6 100.0%

Senegal 1 2 50.0% Germany, W 44 18 40.9%

Seychelle Is 1 1 100.0% Germany, E 13 8 61.5%
Sierra Lione 1 0 0.0% Hungary 11 7 63.6%
S Africa 8 87.5% Italy 27 16 59.3%
Tanzania 0 0.0% Netherlands 24 15 62.5%

Togo 1 1 100.0% Norway 6 4 66.6%
Tunisia 1 1 100.0% Poland 14 10 71.4%

Uganda 1 2 50.0% Portugal 3 1 33.3%
Zaire 1 0 0.0% Romania 6 6 100.0%
Zimbabwe 1 3 33.3% Spain 5 2 40.0%
ASIA Sweden 5 4 80.0%
China 31 31 100.0% Switzerland 15 4 26.7%

Hong Kong 4 3 75.0% UK 33 20 60.6%
India 19 15 78.9% Yugoslavia 10 7 70.0%
Israel 4 4 100.0% Albania 1 1 100.0%

Japan 21 12 57.1% France 39 21 53.8%
Korea, S 3 3 100.0%
Pakistan 2 1 50.0%
Asia continued at

top ofnext column
ofcountries

Table 7.3. Percentage of botanic gardens in countries within Africa, Asia and Europe with
accessions policies. Note: A* = number of gardens responding to the questionnaire; B* = number of gardens
with an accessions policy.

Table 7.3 shows that the Asian figure was high because all countries that returned

questionnaires had at least some gardens with accessions policies; there were no zero scores. In fact

scores were above 50% in all but one case. The African situation is a little odd because it tends to

show 'all or nothing' scores; countries tended to have scores of 100% or 0%. This was because of the

small numbers involved. The European figures look reasonable at first sight but figures for, for
instance Switzerland and West Germany, would tend to bring averages down.
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It could be argued that acquisitions policies were more likely to be found in 'serious' botanic

gardens (i.e. those ones which concentrate on research, for instance) and so the results from this

question have been cross referenced with funding agency (Table 7.4) and major policies (Table 7.5)
to see if there was any foundation for this supposition.

Funding Agency Accessions Policy
Yes % Yes %

Government 151 71.6% 27 12.8%
Town Council 52 48.6% 49 45.5%

University 146 63.6% 74 32.3%
Museum 5 62.5% 0 0.0%
Endowment 28 59.6% 18 38.3%
Public support 30 73.2% 10 24.4%
Other 54 63.5% 28 32.9%

Table 7.4. Percentage of botanic gardens with and without collections policies, arranged by
funding agency.

It is not surprising to see that government funded gardens are high amongst those gardens
which did have acquisitions policies and that town council funded gardens were low. Evidence

already gathered in previous chapters suggests that the former are strong on aspects such as research
and conservation which would tend to mean that they also were strong on such things as acquisition

policies. However, it was surprising to find that such a high percentage of gardens funded by public

support had collections policies. It should, however, be noted that the "No" response for public

support was double that of government-funded gardens. A possible, but unproven, reason might be
that since public support-funded gardens rely on entry charges they must have very clearly defined

objectives which also includes having an acquisition policy which they adhere to.

Major policies Accessions Policy
Yes % No %

Taxonomic research 152 69.4% 62 28.3%
Public education 301 62.4% 162 33.6%
Horticultural training 42 56.8% 28 37.8%
Provision of quality urban 119 65.7% 56 30.9%

greenspace
Supply of plant material for 197 64.8% 97 31.9%

teaching/research
Horticultural trials 74 65.5% 36 31.9%
Conservation of native and/or 317 68.9% 129 28.0%
exotic species
Management of natural park 43 70.5% 18 29.5%
Other research 54 68.4% 29 36.7%
Other policies 35 51.5% 28 41.2%

Table 7.5. Percentage of botanic gardens with and without collections policies, arranged by major
policies

No particularly useful trends emerged from Table 7.5 except the surprising fact that the

figures were so even. While it might have been reasonable to expect that gardens with policies such
as taxonomic research, other research and conservation would score well, it would not have been

easy to predict some of the other figures.
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Question 18. This question was a direct follow-on from Q17; it asked: If "Yes" to Question

17, how strictly do you adhere to it?
The existence of an acquisition policy is no guarantee that it is followed. In fact, it has been

the author's opinion that in the majority of cases botanic gardens did not adhere closely to their

acquisition policies. This follow-on question was an attempt to judge the situation, although, as

always it would be impossible to tell if respondents were being truthful. As with other similar

questions, precise criteria could not easily be devised with the result that the offered criteria: 'Very

loosely', 'Fairly loosely', 'Fairly strictly' and 'Strictly', were difficult to select and would obviously be

applied subjectively, without comparison to others' results. It is important, therefore, to emphasise
that only an impression or general trend can be taken from these figures.

Summary of Q18 results: world figures. The results show that 5.8% of the world's botanic

gardens (representing 30 gardens who answered "Yes" to Q17) adhered to their accessions policies

'very loosely', 25.9% (133 responses) adhered 'fairly loosely'; 56.6% (291 responses) adhered 'fairly

strictly' and 11.7% adhered 'very strictly'. The four way split for responses to this question did not

allow respondents to opt for the 'middle road' and forced them into either being loose or strict. If the

two loose options are summed the result was 31.7% and the two strict results added up to 68.3%.

Again this is an approximately one third to two thirds split and shows that two thirds of the world's
botanic gardens adhered, at least fairly strictly, to their acquisition policies.

Summary ofQ18 results: continental figures. In the 'very strictly' category Europe was

highest with 17.0% and S America and Asia jointly lowest with a score of 5.5% each. The rest of the

results are shown in Footnote71. Fig. 7.34 illustrates the result.

Q18 Analysis and discussion. While the figures showed greater adherence to acquisition

policies than the author had expected the figures still show that only two thirds of gardens adhered

strictly to them. Additionally, it should be remembered that this was only relating to those gardens
that had an accessions policy in the first place. While a certain flexibility must be allowed for within
an acquisition policy it seems extraordinary to have such an important policy document and then not

keep to it. Without such a policy and without sticking to its guidelines it is impossible for all staff in
the botanic garden to 'pull in the same direction' and the resultant species selection appears as an

arbitrary assemblage of plants with no clear linkage between them. Within most botanic gardens

there is a need for a regular review both of the acquisitions policy (as a document) and the way in
which it is used in practice.

Question 21. Who is responsible for live plant acquisition policy?
This question was asked deliberately to contrast it to the results of Q15a which asked

taxonomists what sort of influence they had over the acquisitions policy of the live plant collections.
The questions were worded slightly differently on purpose so as not to appear to be obviously asking

71 In the 'veiy loosely' category there was some deviation from the average of 5.8%. Australasia was lowest with 2.5%
(proportionately 50% below average) and Europe highest with 6.9%. In the 'fairly loosely' category Australasia was again lowest
with a score of 12.5% (against the average of 25.9%, and again about 50% proportionately below average). S America was highest
with 38.9%. In the 'fairly strictly' category 56.6% was the average and Australasia was almost 20% above this with a score of
75.0%, 13% above the next highest, N America, which scored 62.4%. Africa was lowest with a score of 47.6%.
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the same question. Also, this was one of the reasons why it was requested that different parts of the

questionnaire be returned separately. In this way it was hoped that respondents would not see each
other's replies. The author wanted to see if different sides of the botanic garden's management

answered differently to this question.

ADHERANCE TO COLLECTIONS POLICY
BO.OOXt

70.00%

60.00%

50.00%
■*-»
C

8 4-0.00%

Continent and average
VM Very loosely BH Fairly loosely
□ Fairly strictly ^ Very strictly

Fig. 7.34. Degree of adherence to acquisition policies by those gardens that had a policy; arranged by
continent and showing the average.

Summary of Q21 results: world figures. The figures showed that in 37.6% of cases

(representing 161 responses in the questionnaire) a combination of garden and scientific staff were

responsible; in 28.0% of cases (217 responses) it was mostly the scientific staff who were responsible
and in 20.7% of cases the garden staff were mostly responsible. 7.2% (56) responded in the 'other'
box - most of these stated that the director was responsible.

Summary of Q21 results: continent figures. For the 'mostly garden staff category the N
American response was substantially higher than average, while the Asian figure was much lower

than average (34.0% and 12.1% respectively against the average of 20.7%). For the 'mostly scientific
staff category the Australasian and N American figures were lower and the Asian figure higher than

average (13.8%, 15.1% and 55.2% respectively). For the 'combination' result the S American and

Asian figures were low (24.2% and 26.4% respectively) while the other figures were close to average.

In the 'other' category the S Amercian figure of 18.2% was high- as before, most responded that it
was the director's responsibility. Fig. 7.35 illustrates these responses.

Q21 Analysis and discussion. It should be admitted that in retrospect the question appears

ambiguous although this was never mentioned at the piloting stage. Some might have thought the
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question simply meant what it said -"who is responsible for live plant acquisition policy", in other
words who was responsible for determining the policy. On the other hand others may have thought

RESPONSIBILITY FOR POLICY

60.00%T

Fig. 7.35. Responsibility for live plant acquisition policy; arranged by continent and showing the
average.

that it was asking who was responsible for implementing the policy. The author had intended the
former interpretation.

Q15 showed that taxonomic staff believed they had influence on the acquisitions of live plants
in 21.5% of gardens; the garden side (who answered Part 3) believe this figure to be 28.0%. No great

discrepancy in opinion appears to exist although this may have been a source of conflict. It is good to

see the relatively high figure of 37.6% for the 'combination' response showing that good

communications existed in these gardens. Table 7.6 represents the results from cross tabulating this

question with the results from Q3 which concerned funding agencies.

Funding agency Mostly garden staff Mostly scientific staff Combination of staff
Numbers % Numbers % Numbers %

Government 33 15.6% 82 38.9% 73 34.6%
Town Council 26 24.3% 29 27.1% 33 30.8%

University 38 16.6% 58 25.3% 117 51.1%
Museum 2 25.0% 2 25.0% 0 0.0%
Endowment 12 25.5% 8 17.0% 17 36.2%
Public support 21 51.2% 5 12.2% 8 19.5%
Other 20 23.5% 22 25.9% 27 31.8%

Table 7.6. Responsibility for live plant acquisition policy, arranged by funding agency.

The results show that the scientific staff alone, or a combination of the scientific and gardens

staff, were more likely to determine the acquisitions policy in gardens funded by governments and

50.00%

40.00%

30.00%

20.00%

10.00%

0.00%
Africa NAmerica SAmerica Asia Australa.

Continent and average
HSU Mostly gdn. staff I® Mostly sci. staff
□ Combination of staf S3 Other
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universities rather than gardens funded by other sources. In public support-funded gardens, garden

staff were more likely to determine acquisition policy rather than scientific staff or a combination of

staff. The possible reason for this is that such gardens may not have scientific staff.

Table 7.7 shows the result of cross-referencing the results with the size of gardens. Garden
size normally, but not always, dictates staff numbers and staff numbers possibly dictate who is

responsible for live plant acquisition policy.

Garden size (Q2) Mostly garden staff Mostly scientific staff Combination of staff
Numbers % Numbers % Numbers %

Less than 1 ha 10 17.2% 15 25.9% 26 44.8%
1 - 2.9 ha 18 18.6% 22 22.7% 39 40.2%
3 - 5.9 ha 18 16.5% 20 18.3% 51 46.8%
6 - 9.9 ha 20 26.0% 22 28.6% 28 36.4%
10- 19.9 ha 26 26.5% 25 25.5% 36 36.7%
20 - 49.9 ha 27 19.7% 48 35.0% 49 35.8%
More than 50 ha 42 22.1% 63 33.2% 60 31.6%
Table 7.7. Responsibility for live plant acquisition policy, arranged by garden size.

The figures from table 7.7 were not exactly as anticipated. 'Mostly scientific staff goes up
with size of garden as expected but it is not 'mostly garden staff that goes down as anticipated

(except there is a decrease from middle size gardens) but the 'combination of staff. As garden size
increases it would be anticipated that the combination figure would go up. The reason for this is that

large gardens tend to employ more staff and therefore there are more staff available to take part in
these types of discussion.

Question 22. Within the live plant collections held by your garden, what sort of emphasis
do you try to give to the following?

Eight types of plant or plant issue were offered and respondents were asked to tick whether
the sort of emphasis they gave to each situation was great, moderate or little. Some topical issues and
situations were included, such as genetic diversity and native endangered plants and it was hoped
that this would give an idea of the types of plant currently being grown and the emphasis given to

each group. Additionally, it would be interesting to cross-tabulate the responses with other questions,
for instance to see if those gardens interested in genetic diversity were also those ones that were

government or university sponsored. It was hoped that the results would give a 'thumb-nail sketch' of

contemporary issues and planting types within botanic gardens today and also determine if these

were linked to the funding agency or policies.

NB Q22a-d were appropriate to Chapter 6 and were therefore described there.

Question 22e. Within the live plant collections held by your garden, what sort of

emphasis do you try to give to cultivars?
It was anticipated that the results of this question would be the complete reversal of Q22d.
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Summary of Q22e results: world figures. About a fifth of the gardens (21.6% representing
168 gardens in the questionnaire) put 'great emphasis' on cultivars, and approximately a third each

put 'moderate' or 'little emphasis' on cultivars (34.8% and 34.4% representing 270 and 267 gardens

respectively in the questionnaire).

Summary of Q22d results: continent figures. Results varied considerably; Africa,
Australasia and S America were lower than average in the 'great emphasis' category (with 5.3%,
9.2% and 15.2% respectively) while N America and Asia were much higher than average (26.4%
and 29.9% respectively). All continents were close to average in the 'moderate emphasis' category.

Africa, S America and Australasia were correspondingly above average for the 'little emphasis'

category (39.5%, 42.4% and 46.2% respectively) while N America and Asia were below average

(32.1% and 24.7% respectively). Europe was close to average throughout. Fig. 7.36 illustrates these

results.
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Fig. 7.36. Emphasis given to cultivars by botanic gardens; arranged by continent and showing the
average.

Q22e Analysis and discussion. As anticipated, the results are, generally speaking, a negative
reflection of Q22d and therefore also correlate well with Q4. It is interesting to correlate the results

from Q22e with funding agency to see if, for instance, government and university-funded gardens
score high in the 'little emphasis category' while town council and public support funded garden

score highly in the 'great emphasis' category. The results are shown in Table 7.8. It should be noted

that the percentage figures show the percent of the numbers in each emphasis category, for instance
31.5% of all those who put 'great emphasis' on cultivars are government-funded gardens.

CULTIVARS

Africo N America S America Asia Australa. Europe Average
Continent and average

SS9 Great □ Moderate S! Little
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Funding Agency Great emphasis Moderate emphasis Little emphasis
Number % Number % Number %

Government 53 31.5% 69 ■ 25.6% 72 27.0%
Town Council 30 17.8% 43 15.9% 26 9.7%

University 28 16.7% 80 29.6% 102 38.2%
Museum 2 1.2% 0 0.0% 2 0.7%
Endowment 15 8.9% 14 5.2% 16 6.0%
Public support 5 3.0% 19 7.0% 13 4.9%
Other 25 14.9% 31 11.0% 19 7.1%

Table 7.8. Correlation between funding agency and degree of emphasis given to cultivars.

Surprisingly, it shows that quite a few government-funded gardens put 'great emphasis' on
cultivars. Universities, as expected put 'little emphasis' on them.

The fact that N American and Asian gardens generally scored more highly than gardens in
other continents could have been anticipated from their scores in other questions. These showed that

they tended to be more concerned with display than with, for instance, research (although this
comment should be treated with caution as it is a bit of a generalisation).

Question 22f. Within the live plant collections held by your garden what sort of emphasis
do you try to give to plants suitable for local gardens?

While visiting botanic gardens in N America during 1986 the author was surprised at how

many gardens claimed to be serving local amateur horticulture by arranging trials to test plants for
their suitability for local gardens. This question was inserted to test how widespread this practise
was.

Summary of Q22f results: world figures. Almost a third of gardens (30.9% representing
240 gardens in the questionnaire) claimed to put 'great emphasis' on this activity; 29.4% (228

gardens) gave it 'moderate emphasis' and 28.4% (220 gardens) gave it 'little emphasis'.

Summary of Q22f results; continent figures. Responses varied greatly across the world: N

America was highest in the 'great emphasis' category (51.6%, more than 20% above average). The

only other continent above average was Australasia (38.5%). S America (21.2%) was lowest in this

category, followed by Europe (22.5%). The rest of the results are shown in Footnote13 . Fig. 7.37
illustrates these trends.

Q22f Analysis and discussion. The figures show that N American botanic gardens are

exceptional in this respect; none-the-less the results generally show a much greater emphasis on this

aspect of botanic garden work than the author had ever imagined. It could be argued that the results

only reflect national interests in gardens and gardening but this would not then account for the low

European score. While it may be easy to pour scorn on the amateur nature of this work it is worth

noting the good local communications such activities must foster. Many botanic gardens rely on local

support for their continued existence and this is probably seen as one method of contributing to it.

13 In the 'moderate emphasis' category Australasia was well above average with 38.5% (against the average 29.4%) and
Asia was well below wilh 19.5%. The Tittle emphasis' category was amirror image of the 'great emphasis' categoiy; N America and
Australasia were below average (11.3% and 20.0% respectively). All other continents were above average. Europe was the highest
(35.5%, against the average of 28.4%).
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Fig. 7.37. Emphasis given to plants suitable for local gardens by botanic gardens; arranged by continent
and showing the average.

Also, it is important that botanic gardens, especially the large, state-supported ones are not seen to be

aloof from the popular demands of the local community and, again, this is a good way of relating to

the local community. From visits and from reading garden guides it seems that hardiness trials,
visual comparison between similar species and demonstration or model designs appear to be the most

commonly planted features.

Question 22g. Within the live plant collections held by your garden what sort of

emphasis do you try to give to economic food plants- of potential current or future use?

In the past botanic gardens were greatly involved with foods and crops and that branch of

botany known as economic botany was very much a feature of botanic gardens. While this branch of

botany is of less importance now, botanic gardens none-the-less hold a diverse range of plant species
that could be a potential food source or could be of use in breeding programmes (such as the wild

relatives of food crops). For these reasons, and the important public education aspects of displaying
food plants, the author wanted to know what sort of emphasis these plants were given in the living
collections.

Summary ofQ22g results: world figures. The figures show that, generally, Tittle emphasis'
was given to such plants. Only 15.6% of botanic gardens (representing 121 gardens on the

questionnaire) responded that they gave 'great emphasis' to economic plants, 27.2% (representing
211 gardens) put 'moderate emphasis' on them and 45.7% (representing 355 gardens) put Tittle

emphasis' on them.
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Summary of Q22g results: continent figures. There was little difference across

and the results are shown in Footnote 7 4 Fig. 7.38 illustrates the results.

the world
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Fig. 7.38. Emphasis given to economic food plants- of potential current or future use, by botanic
gardens; arranged by continent and showing the world average.

Q22g Analysis and discussion. There seemed to be relatively little interest in these plants- it
would have been interesting to know the figures in the nineteenth century, during the period of
colonial expansion. Many botanic gardens, especially the so-called 'colonial gardens', were at the
forefront of crop development (especially plantation crops) in the past but this role of botanic gardens
has almost entirely been passed over to specialist crop institutes. While botanic gardens might
therefore not be directly concerned with actual screening or breeding programmes, in the future, due

to the diverse collections they hold, they may be responsible for supplying specialist material to the
others for screening and breeding. Categories of plant such as the wild relatives of crop species,

primitive land races, taxonomically similar species to food plants and minor crops, used only locally

by minority groups, may well be cultivated by botanic gardens. It was interesting to note S America's
interest in such plants- it could be construed that this reflected great local diversity and a great

interest by people in local food plants.

Question 22h. Within the live plant collections held by your garden what sort of

emphasis do you try to give to medicinal plants- of potential current or future use. This question
was asked for the same reasons as Q22g and it was anticipated that the results would be the same.

7 4 The only continent deviating greatly from average was S America where 33.3% of gardens put 'great emphasis' into
economic plants (against the average of 15.6%). N America put least emphasis on these plants (11.9% for 'great emphasis' and
56.6% for 'little emphasis').

ECONOMIC PLANTS
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Summary of Q22h results: world figures. The results showed a similar trend to Q22g

although a little more emphasis was given to these plants. The 'moderate emphasis' was the same but

'great emphasis' was up by about 6% and 'little emphasis' was down by about 5%. The actual results
were- 'great emphasis' 21.1% (representing 164 botanic gardens in the questionnaire), 'moderate

emphasis' 27.1% (representing 210 gardens) and 'little emphasis' 41.9% (representing 325 gardens).

Summary of Q22h results: continent figures. Asia was highest with 30.5%; Africa and S

America were also above average with results of 26.3% and 24.2% respectively. The other results are

shown in Footnote7'5 These figures are illustrated in Fig. 7.39
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Fig. 7.39. Emphasis given to medicinal plants- of potential current or future use by botanic gardens;
arranged by continent and showing the world average.

Q22h Analysis and discussion. The same comments apply to the results of this question as to

Q22g.

Final Q22 note. Note should be taken of the high non-response figures in Q22 generally.

They are shown in Table 7.9, below.

7-5 Most continents were close to average for 'moderate emphasis' except Africa which was below
average (21.1% against the average of 27.1%) and S America which was above (36.4%). N America was again
much higher than average in the little emphasis category (61.6% against the average of 41.9%); the figure for N
America ran against the average trend- most continents showed slightly more emphasis for medicinal plants
compared with economic food crops, but N America showed the opposite trend. Australasia was also above
average in the 'little emphasis' category (50.8%). If the great emphasis and moderate emphasis interest figures
are added together it shows that Europe has more interest in these plants than may first have been realised from
the figures; the addition of these two categories for Europe comes to 51.7% and places Europe third in this
question.
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Q22a Q22b Q22c Q22d Q22e Q22f Q22g Q22h
7.2% 12.5% 11.9% 6.8% 9.1% 11.3% 11.5% 9.9%

Table 7.9. Non-response figures in Q22.

These figures could be taken to mean that respondents did not know how to answer the

question or that their gardens put no emphasis at all on the options offered. In retrospect it may have
been a good idea to include a category for 'no emphasis'.

Question 23. In what sorts of way do you display plants in your garden?

Respondents were asked to tick the three most important methods used. The numbers of

gardens quoted below, therefore, are three times higher than normal (but the percentage results

quoted are unaffected). This question was posed to try and test the extent to which gardens grow

plants to serve functions like research and education as opposed to aesthetically-orientated functions.

Summary of Q23 results: world figures. 'Ecological/habitat associations' were highest with
17.1 % (representing 399 responses in the questionnaire); 'species of a genus in close proximity for

comparison', i.e. so-called 'taxonomic' designs were second with 15.5% (representing 362 responses).
'Plants by use' and 'plants by country/region of origin' were next with 11.2% and 11.3% respectively

(261 and 262 responses). 'Colourful displays' and 'artistic designs' were next, and also close, with

9.8% and 9.9% respectively (227 and 231 responses). 'Demonstrations of botanical processes' was
lowest with 2.7% (64 responses). 'Other' was rated at 4.1% (95 responses) and included such things
as display by microclimate, parents and hybrids or by specific systematic representation such as those

of de Candolle or Bentham. The 'O' response was high at 14.6% (341 responses) and the '99'

response was also high at 3.7% (86 responses).

Summary of Q23 results: continent figures. In the 'ecological/habitat associations' there was

little deviation from average; S America at 22.2% was highest and Asia at 13.0% was lowest. For

'colourful displays' again there was little deviation from the world average, N America was highest at

14.7%, Europe was lowest at 7.1%. In the 'demonstrations of botanical processes' e.g. pollination,

Europe was by far the highest with 4.5% and was, in fact, the only continent above the average of

2.7%; Australasia was lowest at 0.5%. In 'plants by use, e.g. herbs, fibres or foods', most continents
were close to the average except Australasia which was by far the lowest with 5.6% against the

average of 11.2%. In 'plants by country/region of origin' again most continents were close to average

except S America which was lowest with 5.1% against the world average of 11.3%. In 'species of a

genus in close proximity for comparison' again there was little deviation from average; Asia was

highest with 18.4% (against the world average of 15.5%) and S America was lowest with 11.1%. In

"by artistic design' N America was highest with 13.0% against the average of 9.9% and Africa was

lowest with 7.9%. 'Other' was high in S America and Australasia (11.1% and 7.7%, against the
world average of 4.1%. (Note also the high '0' response). Figs. 7.40 - 7.46 illustrate these results.
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Fig. 7.40. Display methods in botanic gardens, 1, 'Ecological/habitat associations'; arranged by continent
and showing the world average.
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Fig. 7.41. Display methods in botanic gardens, 2, 'Colourful displays'; arranged by continent and
showing the world average.
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BOTANICAL PROCESSES
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Fig. 7.42. Display methods in botanic gardens, 3, 'Demonstrations of botanical processes'; arranged by
continent and showing the world average.
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Fig. 7.43. Display methods in botanic gardens, 4, 'Plants by use, eg herbs, fibres or foods'; arranged by
continent and showing the world average.
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Fig. 7.44. Display methods in botanic gardens, 5, 'Plants by country/region of origin'; arranged by
continent and showing the world average.
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Fig. 7.45. Display methods in botanic gardens, 6, 'Species of a genus in close proximity for comparison';
arranged by continent and showing the world average.
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Fig. 7.46. Display methods in botanic gardens, 7, 'By artistic design'; arranged by continent and showing
the world average.

Q23 Analysis and discussion. There seemed to be remarkably little deviation from average

on a continent by continent basis. Overall, 'ecological/habitat' associations and 'species in close

proximity for comparison' were highest and 'colourful displays' and 'artistic designs' were lowest

showing the research, education and conservation nature of botanic gardens. 'Plants by use' and

'plants by country of origin' were relatively high thereby consolidating this fact. 'Demonstrations of

biological processes' at 2.7% was surprisingly low- it would have been anticipated that this would
have been higher, further demonstrating the educational nature of botanic gardens; however,

respondents might have confused this item with 'plants by use e.g. fibres'.
The results of Q23 have been cross tabulated with the results of a number of other questions to

test for evidence of any correlations.

Table 7.10 shows the correlation between these display types (Q23) and funding agency (Q3).
The results are mostly as expected but there are a few surprising figures. Government gardens

are surprisingly low on display method 3 and surprisingly high on 2; town council gardens are

higher than expected on 1 and 6; university gardens scored as expected; museum gardens were low

on 4; endowment-funded gardens were higher than expected on 1 and 6; and, public support gardens
were higher than expected on 1 but otherwise scored as expected.

Table 7.11 shows the correlation between these display types (Q23) and selected major

policies (Q4).
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Funding No/% Display Types (See key to numbers below)
Agency

1 2 3 4 5 6 7 8
Government No. 97 66 13 73 79 104 63 25

% 46.0% 31.3% 6.2% 34.6% 37.4% 49.3% 29.9% 11.8%
Town Council No. 56 33 7 33 29 48 46 10

% 52.3% 30.8% 6.5% 30.8% 27.1% 44.6% 43.0% 9.3%

University No. 141 48 33 98 84 106 29 40
% 61.6% 21.0% 14.4% 42.8% 36.7% 46.3% 12.7% 17.5%

Museum No. 3 1 0 2 2 0 0 0
% 37.5% 12.5% 0.0% 25.0% 25.0% 0.0% 0.0% 0.0%

Endowment No. 27 18 1 6 9 33 26 7
% 57.4% 38.3% 2.1% 12.8% 19.1% 70.2% 55.3% 14.9%

Public support No. 22 18 3 10 15 7 17 1
% 53.7% 43.9% 7.3% 24.4% 36.6% 17.1% 41.5% 2.4%

Other No. 31 34 4 23 29 42 36 8
36.5% 40.0% 4.7% 27.1% 34.1% 49.4% 42.4% 9.4%

Table 7.10. Correlation between display types and funding agency.
Key to Display types:
1 = Ecological/habitat associations
2 = Colourful displays
3 = Demonstrations of botanical processes, e.g. pollination
4 = Plants by use, e.g. herbs, fibres or foods
5 = Plants by country/region of origin
6 = Species of a genus in close proximity for comparison
7 = By artistic design
8 = Other
Note: Percent figures along rows total more than 100% as, for each funding agency type, gardens were asked to name the three most
important ways in which they display plants. Hence 46% of government funded botanic gardens display plants by ecological/habitat
associations. The same applies to Table 7.13 below.

Policies (Q4) No./
%

Display types (See key below)
/O

1 2 3 4 5 6 7 8
Taxonomic No. 130 47 25 32 75 116 40 32
research

% 59.4% 21.5% 11.4% 14.6% 34.2% 53.0% 18.3% 14.6%
Public No. 246 159 38 158 161 221 161 56
education

% 51.0% 33.0% 7.9% 32.8% 33.4% 45.9% 33.4% 11.6%
Provision of No. 80 86 8 37 62 89 72 16
urban

greenspace
% 44.2% 47.5% 4.4% 20.4% 34.3% 49.2% 39.8% eSoooo

Conservation No. 247 136 87 158 166 228 131 37
of native

and/or exotic
plants

% 53.7% 29.6% 18.9% 34.3% 36.1% 49.6% 28.5% OO O

Table 7.11. Correlation between display types and selected major policies.(* Refer to the Appendix for full
title).
Key to Display types:
1 = Ecological/habitat associations
2 = Colourful displays
3 = Demonstrations of botanical processes, e.g. pollination
4 = Plants by use, e.g. herbs, fibres or foods
5 = Plants by country/region of origin
6 = Species of a genus in close proximity for comparison
7 = By artistic design
8 = Other
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The figures above were mostly as expected: Taxonomic research gardens were low in display

type 7 and high in 1, 5 and 6; Public education gardens were lower than expected in 3 but high, as

expected in 4; 'Provision of quality urban greenspace' gardens were low in 3 and 4 and high in 2 and

7, all as expected, and; 'Conservation of native and/or exotic plants' gardens were low in 2 and 7 and

high in 1, 3, 4, 5 and 6, some of which might not have been anticipated
Other correlations were carried out but no interesting trends or information emerged.

Question 27. Is there an entrance fee to your garden?
This question was posed first, to find the number and percent of botanic gardens that charged

an entrance fee and second to cross tabulate the result to other policies such as display methods.

Summary of Q27 results: world figures. A third of the world's botanic gardens (33.8%,

representing 262 botanic gardens in the questionnaire) do charge an entry fee, 63.0% (489 responses)
do not, 3.1% (24 responses) did not respond.

Summary of Q27 results: continent figures. There was a certain amount of variation in the

figures- N America, S America, Asia and Europe were above the average of 33.8%, but were not

greatly so. Africa stood at 28.9%, but Australasia was greatly below the average with 12.3%. The
"No" responses were obviously a negative image of the positive answers and Australasia's figure was

84.6%. Fig. 7.47 illustrates the results.

ENTRANCE FEE

-+-
Africa N America S America Asia Australa

Continent and average
E3 Yes O No

-H

Europe Average

Fig. 7.47. Percentage of botanic gardens charging an entry fee: arranged by continent and showing the
world average.

Q27 Analysis and discussion. It was surprising to find quite so few botanic gardens charging
an entry fee and it would also be interesting to check these figure again in the future as reduced

funding for botanic gardens will almost certainly force more botanic gardens to start charging. The
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fact that so few do charge emphasises the nature of botanic gardens- they mostly exist for research
and education purposes rather than for entertainment.

The dilemma of charging is great. Imposing an entrance fee can cause political

embarrassment and reduce visitor numbers greatly. Additionally, it imposes more regulation onto

management and the need to be responsive. If no charge is made management does not have to

respond to public demands for, for instance, more colour in the garden. As soon as charges are levied
the public can start to demand (in terms of numbers through the gate which equates to income) the

types of planting seen and this may be in contradiction to the science function of the garden.
Table 7.13 shows the results of this table cross tabulated with funding agency to see which

types of garden do, or do not, charge.

Funding agency Entrance fee charged No entrance fee charged
Number % Number %

Government 82 38.9% 126 59.7%
Town Council 32 30.0% 70 65.4%

University 40 17.5% 180 78.6%
Museum 5 62.5% 1 12.5%
Endowment 17 36.2% 30 63.8%
Public support 26 63.4% 15 36.6%
Other 41 48.2% 42 49.4%

Table 7.12. Extent to which botanic gardens charge entry fees, arranged by funding agency.

The figures show, not unexpectedly, that university-funded botanic gardens charged least

frequently while public support and museum-funded gardens charged most frequently.

Question 28. Respondents were asked to answer this question only if they had answered

"Yes" to Q27. The question asked: To what extent does the necessity of income from the entry fee
influence your garden designs?

The purpose of this question was to fmd out, in broad terms, ifmanagers had to make their

gardens ornamental at the expense of being scientific? It therefore attempted to judge the degree of

compromise necessary by those gardens who did charge an entry fee.

Summary of Q28 results: world figures. As with previous "follow-on" questions such as

Q19 and Q20 the exact numbers who answered "Yes" to Q27 did not answer Q28; 262 answered

"Yes" to Q27, but 280 answered Q28. However, the discrepancy is not great and again no notice has

been taken of it. 20.4% (representing 57 botanic gardens) felt that the necessity of income from the

entry fee influenced garden designs 'greatly'; 31.1% (87 responses) felt it influenced garden designs

'moderately' and almost a half, 48.6% (136 gardens) felt that it only influenced garden designs 'a
little'.

Summary of Q28 results: continent figures. These figures showed quite a bit of variation

from the average. In the 'Greatly' category N America and Australasia were above average (26.7%
and 25.0% respectively) while S America and Asia were below average (7.7% and 13.9%

respectively). Africa and Europe were close to average. In the 'Moderately' category only Australasia

was greatly above average with a score of 50.0%. Africa, S America and Asia were below average
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(18.2%, 23.1% and 16.9% respectively). N America and Europe were close to average. In the 'Little'

category Africa and S America were greatly above average (23.0% and 25.0% respectively). N
America and Europe were again close to average. Fig. 7.48 illustrates these results.

DEGREE OF INFLUENCE

Continent and average
^ Greatly □ Moderately ES Little

Fig. 7.48. Percentage of botanic gardens in which the necessity of income from the entry fee influences
garden designs either greatly, moderately or little; arranged by continent and showing the world
average.

Q28 Analysis and discussion. If 'Greatly' and 'Moderately' are taken together the results show

an almost exact 50:50% split between the 'Greatly/Moderately' and 'Little' responses showing that for
those 33.8% of gardens who do charge, the necessity of income from the entry fee does influence

garden designs considerably. This was not unexpected but, as mentioned before, it can be part of an

escalating situation - the public demands more of what it wants (e.g. colour, flowers, cultivars etc.)

which may be at odds with the scientific policy of the whole institution. In all continents the

progression of results was the same- percentages rose from 'greatly' to 'moderately' to 'little'.

However, in some cases it was more dramatic (e.g. Africa and S America) therefore showing a lesser
influence and in some continents such as N America and Australasia it was less dramatic showing a

greater influence.

Question 29. This question attempted to test attitudes held by live plant collection managers

(curators) about the live plant collections and those who used them. The first part of the question
asked: As the manager or curator of the live plant collections, could you please give me vour

opinion of the following statements as they relate to vour botanic garden. Eight statements
followed and respondents were asked to score on the following scale- strongly agree, agree, neutral,

disagree and strongly disagree. It should be noted that personal opinion was asked for here and so the

responses do not necessarily reflect the attitude of individual botanic gardens.
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The statements were designed to be provocative so that strong views, even prejudices, could be

expressed. Plant collection curators or managers attempt to satisfy many, often conflicting, demands

through their collections and this question gave them the opportunity to express concerns. Although
it might have been interesting to correlate these opinions with other questions this has not been done

as it was individual opinions that were being tested rather than factual information about the garden.

Such correlations would have been misleading.

Question 29A. The statement was: Not enough use is made of the live plant collections by
in-house taxonomic staff. In many cases the primary stated policy of a botanic garden's collection is

to grow plants for taxonomic research but the results of this questionnaire have, for instance,

highlighted that little taxonomic use is made of such collections. This question was inserted to enable

curators to express their opinions on the subject.

Summary of Q29A results: world figures. The results show that strong feelings are held

about this subject. 14.4% (representing 112 respondents from this questionnaire) 'strongly agreed',

32.6% (representing 253 respondents) 'agreed', 21.8% (169 respondents) were 'neutral', 12.0% (93

respondents) 'disagreed' and only 3.4% (26 respondents) 'strongly disagreed'. There was a high non-

response rate (15.9% representing 123 responses). If the two agree responses and the two disagree

responses are summed to give a three was split the results are as follows: Agree 47.0%, Neutral

21.8% and disagree 15.4%.

Summary of Q29A results: continent figures. For the whole of Q29 only responses that

differ greatly from the world average (e.g. by more than about 10%) will be documented otherwise

this part will become overlong. In the 'strongly agree' only Australasia at 4.6% was greatly different

to average. The other figures are shown in Footnote7 6 If the agree and disagree responses are

summed to show a reduced but clearer divide, the figures are as shown in Table 7.13, below.

Statement

Agree
Neutral

Disagree

Africa
36.9%
18.4%
34.2%

N America
37.7%
32.7%
13.2%

S America
51.5%
9.1%
18.1%

Asia
54.1%
18.4%
17.2%

Australa.
33.8%
26.2%

18.5%

Europe
51.5%
18.9%
12.1%

Average
47.0%
21.8%
15.4%

Table 7.13. Total agree and disagree responses for Q29A.

These figures show S America, Asia and Europe agreeing most with the statement and Africa,

in particular, disagreeing most. N America and Australasia were most neutral. The results, showing
all five responses are illustrated in Fig. 7.49.

Q29A Analysis and discussion. The results illustrate a not unexpected outcome- that the

managers of live plant collections feel that not enough use is made of the live plant collections by in-
house taxonomic staff. The figures tie in very well with Q10 where 85% of research staff in botanic

gardens where the live plant collections are used as an aid for taxonomic research estimated that they

7 6 In the' agree' category Africa and N America were 23.7% and 23.9% respectively against the average of 32.6%. In the
'neutral' category S America was much lower than average (9.1% against the average of 21.8%) and N America was much higher
than average at 32.7%. In the 'disagree' category Africa was much higher than average (23.7% against the average of 12.0%).
Africa was also greatly above average in the 'strongly disagree' category with 10.5% against the average of 3.4%.
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Fig. 7.49. Responses by curators or managers of live plant collections to the statement "Not enough use
is made of the live plant collections by in-house taxonomic staff1. Arranged by continent and showing the
world average.

were used either moderately or infrequently (Qs 9 & 10). There is also a good correlation with Q14

where it was estimated that in 42.7% of cases less than 10% of the plants were used actively in
taxonomic research. Q16a is also relevant; it showed that only 30.4% of in-house taxonomic staff felt
that sufficient use was made of the resources of the living collections in their botanic garden. In

Q16b only 18.7% felt that sufficient use was being made in other botanic gardens. So garden

managers are not articulating anything controversial here- in fact they are in agreement with

taxonomic staff. The question is: does it matter if not enough use is made of the live plant
collections. It could be argued that horticultural staff are employed to cultivate the plants and it is

immaterial if they are not used for the purpose they are intended to support. This issue is discussed in

Chapter 8.

Question 29B. It is right for the Garden to grow mostly plants that support research.
This question was designed to be complementary to Q29A but it differed in a number of aspects-

most importantly that the research was not confined to taxonomic research- it was left general

deliberately to include all plant based research. A second point was that while Q29A referred to in-
house staff, Q29B could include all research workers.

Summary of Q29B results: world figures. 14.7% (representing 114 respondents in the

questionnaire) 'strongly agreed' with the statement, 24.0% (186 responses) 'agreed', 18.6% (144

responses) were 'neutral', 24.6% (191 responses) 'disagreed' and 7.7% (60 responses) 'strongly
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disagreed'. If, as before, ihe agreed and disagreed figures are summed the combined figure was as

follows: Agreed 38.7%, Neutral 18.6% and Disagreed 32.3%.

Summary of Q29B results: continent figures. Considerable variation was shown in these

results. In the 'strongly agreed' category Africa and S America were particularly high (23.7% and

30.3% respectively) while N America and Australasia were particularly low (6.3% and 3.1%

respectively).The remaining results are shown in Footnote7'7. Table 7.14 shows the combined agree

and disagree figures and Fig. 7.50 illustrates the results.

Statemen Africa N S Asia Australa. Europe Average
t America America

Agree 50.0% 17.0% 45.5% 51.1% 21.6% 44.3% 38.7%
Neutral 10.5% 27.0% 15.2% 13.8% 21.5% 17.6% 18.6%
Disagree 29.0% 44.7% 27.2% 27.0% 44.6% 27.3% 32.3%

Table 7.14. Total agree and disagree responses for Q29B.

SUPPORT FOR RESEARCH

40.00%T

Africa N America S America Asia Australa. Europe Average
Continent and average
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S3 Disagree ^ Strongly Disagree

Fig. 7.50. Responses by curators or managers of live plant collections to the statement "It is right for the
garden to grow mostly plants that support research". Arranged by continent and showing the world
average.

Q29B Analysis and discussion. The results show the same trend as in Q29A, but views are

not expressed so strongly; just over a third agreed and just under a third disagreed with the

statement. The 'strongly agree' and 'neutral' responses are similar but the responses for 'agree' in

Q29A seem to have been transferred to 'disagree' and 'strongly disagree' in Q29B. The results seem

to indicated that while curators felt that not enough use was made of the live plant collections by in-
house taxonomic staff a third never-the-less felt that it was right for the garden to grow mostly plants

11 In the 'agree' category no continent was particularly highly above average but N America was low at 10.7%. For the 'neutral',
'disagree' and 'strongly disagree' category figures no continents were maiicedly above or below average.
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that supported research. The N American and Australasian figures continue to show trends

established in previous questions- that research is not a dominating feature of their botanic gardens.

Note should again be taken of the high non-response rate.

Question 29C. Taxonomic staff don't care about the plants in the Garden. This statement

further explores the link between garden-side and science-side of botanic gardens. It makes a

deliberately provocative statement to see if any strong feelings emerge about taxonomic staff and
their use of the live plant collections.

Summary of Q29C results: world figures. 5.8% (representing 45 respondents in the

questionnaire) 'strongly agreed', 10.2% (79 respondents) 'agreed', 20.7% (161 respondents) were

'neutral', 30.5% (237 respondents) 'disagreed' and 16.1% (125 respondents) 'strongly disagreed'. The
summations described previously were as follows: Agree, 15.0%, neutral 20.7% and disagree 46.6%.
The high "0" response of 16.5% should be noted.

Summary of Q29C results: continent figures. In the 'strongly agree' category S America
was much higher than average with 9.1% and Australasia was below average with 1.5%. The

remaining figures are shown in Footnote7 8. Table 7.15 shows the summed agree and disagree

responses and Fig. 7.51 illustrates the results.

Statement

Agree
Neutral

Disagree

Africa
19.1%
5.3%
60.5%

N America
10.7%
20.1%
51.6%

S America
18.2%
18.2%

42.5%

Asia
22.4%
20.7%
44.8%

Australa.
6.1%
20.0%
52.3%

Europe
16.3%
32.5%
42.7%

Average
16.0%
20.7%
46.6%

Table 7.15. Total agree and disagree responses for Q29C.

Q29C Analysis and discussion. The results show that curators or garden managers do not
hold this view and therefore they do think that taxonomic staff care about the plants in the garden.
However this view is not held evenly across the continents; in summary Table 7.18 shows that S

America and Asia agree most strongly and Africa, N America and Australasia disagree most

strongly; Europe was the most neutral.

Question 29D. Not enough horticultural research takes place in this garden. This is the

first explicit mention of horticultural research in the questionnaire although it could have been

implied in, for instance, Q4 under "other research". As botanic gardens cultivate a great many, often

demanding, plants from many habitats, regions and climates of the world it is natural that a great
deal of testing of cultivation techniques goes on. Also, botanic gardens often have a great deal of
horticultural equipment and glasshouse space in which to house and cultivate their collections.

Casual conversations withmany botanic garden horticulturists around the world has suggested that
such casual testing should go one step further and become research- it would maximise resources and

7,8 In the 'agree' category Africa was high with 15.8% and Australasia was again low with 4.6%. In the 'neutral' category Europe was
much higher than average with 32.5% and Africamuch lowerwith 5.3%. In the 'disagree category' there was a reasonable degree of
uniformity. In the 'strongly disagree' category Africa was much higher with 26.3% while Asia was much lower with 8.0%. The high
"0" response was reasonably evenly distributed.
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provide answers to both in-house cultivation problems and wider issues. However, to be worthwhile
such research would need to be well-structured and properly conducted. It would certainly have to be

more than the ad hoc testing which typically takes place at present. This question was inserted to

enquire if the impression gained by the.author was more widely held.

Fig. 7.51. Responses by curators or managers of live plant collections to the statement "Taxonomic staff
don't care about plants in the garden". Arranged by continent and showing the world average.

Summary of Q29D results: world Figures. 19.5% (representing 151 respondents in the

questionnaire) 'strongly agreed' with this statement, 33.2% (258 respondents) 'agreed', 17.7% (137

respondents) were 'neutral', 13.4% (104 respondents) 'disagreed' and 5.2% (40 respondents) 'strongly

disagreed'. 11.1% (86 respondents) did not answer. The agreed summation totalled: Agree 52.7%,
Neutral 17.7% and Disagree 18.6%.

Summary of Q29D results: continent Figures. Only S America, at 42.4% was markedly

different to the average of 19.5% in the 'strongly agree' category. The remaining Figures are shown in

Footnote7 9 Table 7.16 shows the combined agree and disagree responses and Fig. 7.52 illustrates the

results.

Statement Africa N America S America Asia Australa. Europe Average
Agree 57.9% 61.0% 72.7% 58.6% 52.3% 42.4% 52.7%
Neutral 15.8% 15.7% 9.1% 12.6% 10.8% 24.1% 17.7%
Disagree 18.5% 14.5% 9.1% 20.1% 21.5% 20.2% 18.6%
Table 7.16. Total agree and disagree responses for Q29D.

7'9 In the 'agree' category there was a fairly even distribution of responses. In the 'neutral' category the responses were fairly even
although S America was low at 9.1% and Europe high at 24.1%. The 'disagree' category was fairly even also, although S America
was again low at 6.1%. The 'strongly disagree' category was remarkably even.

30.00%

20.00%

10.00%

40.00%
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HORTICULTURAL RESEARCH

Continent ond average
S3 Strongly Agree C3 Agree LC Neutral
I I Disagree ^ Strongly Disagree

Fig. 7.52. Responses by curators or managers of live plant collections to the statement "Not
enough horticultural research takes place in this garden". Arranged by continent and showing
the world average.

Q29D Analysis and discussion. The results show that there is substantial agreement for the
statement that not enough horticultural research takes place in botanic gardens. Additionally, there
was a very high level of evenness within each category by continent. It is interesting to note the low

European agree figure (the only continent below average); perhaps staff in these most traditional of

botanic gardens considered that botanic gardens were not the place for horticultural research, that the

only research should be taxonomic?

Question 29E. Too much money is allocated to catering for public education to the

detriment of the plant collections. This was another deliberately provocative statement that was

designed to reveal possible latent bad feelings concerning the balance between horticulture and

public education.

Summary of Q29E results: world figures. 4.0% (representing 31 respondents in the

questionnaire) 'strongly agreed' with the statement, 6.1% (47 respondents) 'agreed', 18.6% (144

respondents) were 'neutral', 36.1% (281 respondents) 'disagreed' and 23.1% (179 respondents)

'strongly disagreed'. 12.1% (94 respondents) did not reply. The combined agree and disagree figures
were as follows: Agree 10.1%, Neutral 18.6% and Disagree 59.3%.

Summary of Q29E results: continent figures. In the 'strongly agree' category only S
America was much different from the average of 4.0% with a score of 9.1%. The other figures are
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given in Footnote710 Table 7.17 shows the summed agree and disagree results and Fig. 7.53

illustrates the results.

Statement Africa N America . S America Asia Australa. Europe Average
Agree 13.2% 9.4% 12.1% 15.5% 9.2% 6.9% 10.1%
Neutral 18.4% 17.6% 21.2% 16.1% 12.3% 21.5% 18.6%

Disagree 57.9% 57.3% 45.5% 55.1% 63.1% 58.3% 59.3%

Table 7.17. Total agree and disagree responses for Q29E.

PUBLIC EDUCATION

Continent and average
53 Strongly Agree ■ Agree □ Neutral
□ Disagree BIS Strongly Disagree

Fig. 7.53. Responses by curators or managers of live plant collections to the statement "Too much money
is allocated to catering for public education to the detriment of the plant collections". Arranged by
continent and showing the world averager

Q29E Analysis and discussion. The figures show that curators or managers of live plant
collections do not feel that too much money is allocated to catering for public education, to the

detriment of the plant collections. Despite a feeling by the author that this view might have been held
it obviously was not felt strongly and the reason, presumably, is that in most botanic gardens the

public education staff tend to be small in number and do not consume many resources to the obvious
detriment of the live plant collections. This was borne out in Q7 which showed that in two thirds of

botanic garden public education accounted for less than 20% of total budgets.

Questions 29F, G and H are a group and concerned attitudes/feelings about display types.

Question 29F. Colourful bedding schemes and artistic designs are irrelevant in this
Garden. This question was asked to contrast with Q29B and also to compare to Q23 which enquired

710 In the 'agree' category Asia was above average with 12.1% and S America below with 3.0%, otherwise results were fairly even.
In the 'neutral' category results were fairly consistent. In the 'disagree' category Australasia was greatly above average with a score of
47.7% and S America was greatly below with a score of 18.2%, otherwise results were fairly close to average. In the 'strongly
disagree' category most results were also close to average: Africa and Australasia were a little lower than average with scores of
15.8% and 15.4% respectively.
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about display methods. It was asked not so much to see if such schemes were used but more to test

strengths of attitude for or against such plantings.

Summary of Q29F results: world figures. 12.4% (representing 96 respondents in the

questionnaire) 'strongly agreed' with this statement, 14.6% (113 respondents) 'agreed', 12.6% (98

respondents) were 'neutral', 33.6% (261 respondents) 'disagreed' and 17.9% (139 respondents)

'strongly disagreed'. 8.9% (69 respondents) did not respond. The combined agree and disagree

figures were: Agreed 27.0%, Neutral 12.6% and Disagree 51.5%.

Summary of Q29F results: continent figures. The results of this question showed little
deviation from average throughout. The figures are shown in Footnote711 Table 7.18 shows the

summed agree and disagree figures and Fig. 7.54 illustrates the results.

Statement Africa

Agree 21.1%
Neutral 18.4%

Disagree 55.3%

N America
22.0%
6.9%
66.0%

S America Asia
24.3% 30.4%
15.2% 15.5%
48.4% 43.7%

Australa.
30.8%
15.4%
43.0%

Europe
27.7%
12.4%
50.2%

Average
27.0%
12.6%
51.5%

Table 7.18. Total agree and disagree responses for Q29F.

BEDDING & ARTISTIC DESIGNS

40.00%

30.00%

c

« 20.00%

Q_

10.00%

0.00%
Africa N America S America Asia Australo.

Continent and average
E33 Strongly Agree □ Agree □ Neutral
□ Disagree ^ Strongly Disagree

Europe Average

Fig. 7.54. Responses by curators or managers of live plant collections to the statement "Colourful
bedding schemes and artistic designs are irrelevant in this Garden". Arranged by continent and showing
the world average.

Q29F Analysis and discussion. The results show that over 50% of respondents disagreed-
and views were held fairly evenly throughout the world. It should be noted however, that even

though the majority view was against the statement it does not necessarily contradict the result of

'11 In the 'strongly agree' category no continent was greatly different from average, although S America was highest with 18.2% and
Africa lowest with 7.9%. There was also little deviation from average in the 'agree' category, Europe was highest with 16.0% and S
America lowest with 6.1%. In the'neutral' category Africa was highest with 18.4% andN America lowest with 6.9%. In the
'disagree' category N America was highest with 39.0% and S America lowest with 24.2%. In the 'strongly disagree' category N
America was highest with 27.0% and Asia lowest with 8.6%.

I
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Q29B which stated "It is right for the Garden to grow mostly plants that support research": plants
can do this and still be colourful and artistic. It is also interesting to note the fact that the attitudes of

Q29F were more disagreed with than the results of Q29B were agreed with (Q29F, 51.5% : 27.0% -

disagree : agree. Q29B, 38.7% : 32.3%., agree : disagree). The high N American figure again shows
the strong recreational element of their botanic gardens.

Question 29G. Traditional displays such as rock gardens and mixed borders have no

place in this Garden. This question was very similar to the previous one except that it was intended
to be 'less strong', since rock gardens and mixed borders might be seen as one step more acceptable
that 'colourful bedding schemes and artistic designs'. As a consequence it was assumed that the
attitudes would be similar but perhaps about 10% less strongly held.

Summary of Q29G results: world figures. 10.2% (representing 79 respondents in the

questionnaire) 'strongly agreed' with the statement, 15.1% (117 respondents) 'agreed', 11.2% (87

respondents) were 'neutral', 31.6% (245 respondents) 'disagreed' and 22.8% (177 respondents)

'strongly disagreed'. 9.1% (71 respondents) did not respond. The summed agree and disagree figures
were: Agree 25.3%, Neutral 11.2% and disagree 54.4%.

Summary ofQ29G results: continent figures. The continent responses were more varied
than in the last question and the figures are shown in Footnote 712. Table 7.19 shows the combined

agree and disagree figures and Fig. 7.55 illustrates the results.

Statement Africa N America S America Asia Australa. Europe Average
Agree 31.6% 20.1% 36.4% 42.5% 23.1% 16.6% 25.3%
Neutral 7.9% 12.6% 15.2% 12.1% 10.8% 10.1% 11.2%
Disagree 50.0% 36.8% 33.4% 35.6% 55.4% 63.4% 54.4%
Table 7.19. Total agree and disagree responses for Q29G.

Q29G Analysis and discussion. As anticipated the figures were similar but with the agree

figures down slightly and the disagree figures slightly up. However, there was less divergence from
the results of the previous question than expected. It was perhaps interesting to note that in the

comparison between the results of the two questions (Q29F & G) the biggest difference occurred in
the 'strongly disagree' category. The Asian responses, in particular, seemed to agree with this

statement; perhaps rock gardens and mixed borders are not features of their garden designs in any

case.

Question 29H. Plants in this garden should be displayed in features such as habitat

reconstructions/associations, displays of botanical functions or groupings of similar species

together for comparison etc. This statement was made as a direct contradiction to the previous two.

7 12
In the 'strongly agree' category S America and Africa were greatly above average (21.2% and 18.4% respectively) while Europe

was greatly below average with 5.2%. In the 'agree' category Asia was greatly above average with 27.0%, otherwise the results were
reasonably even. The 'neutral' responses were all remarkably close. In the 'disagree' category no continent was greatly above average
but N America and S America were below average with 9.8% and 18.2% respectively. In the 'strongly disagree' category again no
continent was greatly above average but Asia was below with 10.3%.
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Summary of Q29H results: world figures. 29.5% (representing 229 respondents in the

questionnaire) 'strongly agreed' with the statement, 36.0% (279 respondents) 'agreed', 14.2% (110

respondents) were 'neutral', 7.6% (59 respondents) 'disagreed' and 3.7% (29 respondents) 'strongly

disagreed'. 8.9% (69 respondents) did not answer. The combined agree and disagree figures were:

Agree 65.5%, Neutral 14.2 and Disagree 11.3%.

TRADITIONAL DISPLAYS

40.00%

30.00%

£ 20.00%
0)
CL

10.00%

0.00%
Africa N America S America Asia Australa.

Continent and average
OS Strongly Agree □ Agree □ Neutral
□ Disagree ESI Strongly Disagree

Europe Average

Fig. 7.55. Responses by curators or managers of live plant collections to the statement "Traditional
displays such as rock gardens and mixed borders have no place in this garden". Arranged by continent
and showing the world average.

Summary of Q29H results: continent figures. In the 'strongly agree' category only S
America was greatly above average, but its deviation was dramatic, 51.5% against the average of
29.5%; Australasia was below average with a score of 15.4%.The other results are shown in Footnote

713. Table 7.20 shows the summed agree and disagree scores and Fig. 7.56 illustrates the results.

Statement Africa N America S America Asia Australa. Europe Average
Agree 60.5% 60.4% 65.7% 72.4% 64.6% 63.8% 65.5%
Neutral 28.9% 16.4% 9.1% 11.5% 13.8% 13.4% 14.2%

Disagree 5.2% 17.0% 6.0% 7,5% 10.8% 12.0% 11.3%
Table 7.20. Total agree and disagree responses for Q29H.

713 In the 'agree' categoiy, however, Australasia was above average with 49.2% and S America was below with 24.2%; other
continents were reasonably close to average. In the 'neutral' categoiy, Africa was greatly above average with 28.9% but other scores
were close to average. In the 'disagree' categoiy most scores were close to average but Africa and Asia were rather low with 2.6%
and 6.9% respectively. In the 'strongly disagree' category there was a reasonable degree of consensus, as there was also with the non-
responders.
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HABITAT RECONSTRUCTIONS ETC.

Continent and average
113 Strongly Agree CI Agree Q Neutral
□ Disagree ® Strongly Disagree

Fig. 7.56. Responses by curators or managers of live plant collections to the statement "Plants in this
garden should be displayed in features such as habitat reconstructions/
associations, displays of botanical functions or groupings of similar species together for comparison."
Arranged by continent and showing the world average.

Q29H Analysis and discussion. While the results of this question appear at first sight to be at

odds with Q29F and G it should be remembered that the negative has been inverted and so the

'disagree' results in this question are comparable to the 'agree' in the previous two. In this respect,

then, the results are roughly the same but the degree of difference is greater, 65.5% of the

respondents agreed with this statement and only 11.3% disagreed. The reason for the greater

acceptance of features itemised in this question is that they can perhaps be thought of as more

acceptable to the science and educational aspects of botanic gardens. The Asian response was again

high in the agree categories indicating, perhaps, that these types of design are more acceptable than
those of the previous Q29G.

7.6. Results and analysis of interviews
Introduction. The rationale for the interviews was described in Chapter 3.4 along with

information on sample selection, presentation, interview technique and analysis. Interviews were
conducted in a total of 41 botanic gardens and data concerning garden management was collected
from almost all the gardens visited. It should be noted, as before, that the information presented in
this section is only that which was gained from interviewing staff and not from observation or texts

and therefore is only as accurate as the knowledge of the staff concerned. Finally, it should be noted
that in the tables below the 'Europe' heading refers to study tour 1 which covered the Netherlands

and Germany and 'India' refers to study tour 3 which covered India and Sri Lanka.
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Question 1. For what purposes do you grow plants here, who are the users and can you

put them into any order of importance?
This was asked as an opening question to find if plant managers had a clear vision of why

they were growing plants and who they were for..The results are shown in Table 7.21.

Purpose Europe USA India
For public education 7 21 6
To support research 7 14 3
To support undergraduate teaching 4 3 2

Display 2 19 6
To support conservation 1 15 4

Historic heritage 1 - -

To fulfil national obligations 1 - -

For plant evaluation - 3 -

To support tourism/leisure - 4 -

To help amateur gardeners - 1 -

production of new cultivars - 1 -

No information - 1 -

Table 7.21. Purposes of growing plants, cited by garden management staff.

Q1 Analysis and discussion. The figures show that in Europe the main purposes for growing

plants centred on education and research with conservation, display and other horticulture-associated

activities playing a less important role. Many of the university- funded botanic gardens stated their

purpose very clearly- their major, and only purpose was to support undergraduate teaching. In the

USA, on the other hand, education, conservation, display and other horticulture-associated activities
were stronger than research. This trend is supported by evidence from the questionnaire and other

questions in the interviews. In India education and display were also strong.

The second part of the question- who are the users, was an obvious consequence of the first

part and need not have been asked. Most (especially those in the USA) responded that the third part,

asking for an order of importance, was not possible to answer as all purposes were equally important.

Question 2. To what extent do you grow what you and your staff want and to what

extent do you grow plants that are required by users e.g. researchers or public education staff?

Q2 was inserted to find out who was responsible for selecting plants for the collections,

garden staff or users.

Determination of plant selection
Mostly determined by garden staff
Mostly determined by users
No information

Table 7.22. Determination of plant selection.

Q2 Analysis and discussion. The figures show a predominance of garden staff selecting the

plants. In some cases this included senior garden managers, but in many cases, especially in the

USA, it was left to individual gardeners. However, in most cases it was emphasised that garden staff
were selecting from within a strictly defined acquisitions policy (this was the situation in at least 12

Europe USA India
7 18 7
5 9 3

1
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cases in the USA and 4 in Europe). In many cases it was encouraging to note that both sides, garden
staff and users, got together to make selections. This is the reason why the columns total more than

the number of gardens visited

Question 3. Can you give examples of groups of plants that are cultivated here that are

used to support specific projects?
This question sought good examples, or indeed any evidence at all, of plants being cultivated

to support specific projects. Tables 7.23 - 7.25 give examples but it should be noted that entries do

not necessarily give all the examples of plants being grown to support projects; some gardens may
have had several good examples.

Garden* Examples of plants cultivated for specific projects
AVU None
L Taxonomic research on Chlorophytum, Hoya & Dischidia
WAG Aster & Weigela collections for teaching taxonomy
BONN Sophora toromiro for re-introduction
FRP Rose garden for display; ecologically & geographically displayed glasshouse collections for

public education
HOH Demonstration of plant migration & 'Middle ages' crops for undergraduate teaching
TUEBU Plants to support undergraduate teaching in subjects such as flower morphology, ecology,

systematics & geography
M Orchidaceae, Compositae & Araceae for taxonomic research
B Cacti, Compositae & Moroccan plants for taxonomic research; also rare plants of Berlin for

re-introduction
BSBH Plants to support schools teaching e.g. scented plants, progeny of hybridisation, plants on

various substrates

Table 7.23. Examples, from the European study tour, of plants being cultivated at botanic gardens for
specific purposes. * Note concerning Tables 7.23, 7.24 and 7.25: for the sake of brevity Garden Codes, taken
from Index Herbariorum have been used instead of full botanic garden titles; the order of gardens is in the order
visited.

Garden* Examples of plants cultivated for specific projects
AAH No information
NEWF Natives of New England, to support conservation & education
NY Rosaceae, being tested for anti bacterial properties
BKL Range of flowers, leaves etc. - public & schools education
USNAR Lagerstroemia indica & Pyracantha, for breeding programmes
MOAR Landscape plants, for landscape architecture student plant idents
NCU Herbs & medicinal plants for public education
NCA 'Plants with Promise', to help amateur gardeners
ATLAN Sarracenia for CPC; insectivorous plants for public education
BOK 28 species of locally rare plants for CPC
SEL Orchids & Bromeliads for taxonomy, public education & display
FTG Palms, to support taxonomy, public education & display
DES Cacti & succulents of SW USA for conservation
ASDM Matching plants with animals for public education & display
RSA Californian natives for conservation and research
HNT Most plants for display only
UC Umbelliferae for taxonomic research;corn plants for students
CAS Most plants for display only
BERR Plants of the Pacific Northwest for conservation
MO Crassulaceae & Araceae for taxonomic research
CHIC Plants in the evaluation scheme- for landscape trade
MOR Red oaks, observing leaf variation, for taxonomy
Table 7.24. Examples, from the North American study tour, of plants being cultivated at botanic gardens
for specific purposes.
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Garden* Examples of plants cultivated for specific projects
BOMBG Plants to show morphology & diversity for students
BURDW Azolla spp for biofertilizer research
CAL No clear examples- plants generally support taxonomy
LALBB Codiaeum, orchids & Anthurium- micropropagation trials to support floriculture industry
BANGL Medicinal plants, for undergraduate teaching
OOTAC No clear examples- garden mostly for display
PDA Sri Lankan natives- for conservation
HAKGL Montane Sri Lankan plants- for conservation
GAMPH Anthurium & orchids for floriculture course

Table 7.25. Examples, from the Indian study tour, of plants being cultivated at botanic gardens for
specific purposes.

Q3 Analysis and discussion. Almost all gardens had at least one good example to show that

plants were being grown for a specific purpose. While only one or two examples were requested in
the interviews it was clear that in many cases it would have been difficult to mention any more.

Question 4. Do you get clear requests from research or education colleagues detailing

exactly what they want from the garden staff and from the collections?
This question was asked to try and find out the level of communication between user groups

and provider groups.

Clear requests Europe USA India
Yes 9 15 5
No 1 5 -

Seldom - 1 -

Don't know - - 4
No information - 1 -

Table 7.26. Number of botanic gardens where garden staff receive clear requests from research or
education staff detailing exactly what they want from the garden staff and from the collections.

Q4 Analysis and discussion. The results show that communication appears to be good.

However, in many cases, perhaps almost half of those who said "Yes", said that even though

communication was good, very little was, in fact, ever requested.

Question 5. Do most of the plants that are used for projects get grown 'behind the scenes'
in special research areas or do the plants in the main part of the garden get used also?

This question sought to establish if the plants used for specific projects were those within the

main part of the garden or those grown in special areas away from the public areas of the garden. It

was included, along with Q6, to try and establish if there was a role for the long term plants grown
within the main part of the garden.

Part of garden Europe USA India

Special 'behind the scenes' areas 5 3 -

Main public areas of the garden 2 13 7
Both 1 4 1
No information/Not applicable 2 2 1

Table 7.27. Part of garden where plants grown for particular projects are grown.
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Q5 Analysis and discussion. In Europe it appears that in many situations plants grown for

specific projects are held in 'behind the scenes areas' which immediately raises the question about the

role of those plants held in the main part of the garden. In the USA most plants used for specific

projects were grown in the main part of the garden. However, it should be noted from previous

questions, that in many cases in the USA 'specific projects' included education and display which are

ideal users of the main garden, rather than the research-orientated uses of European gardens which
are probably best suited to special areas. In India many of the gardens had no 'behind the scenes'

areas and could therefore only answer that plants in the main areas of the garden were used.

Question 6. If only a few plants in the main part of the garden get used for projects,
what is the role of the others?

This question was a follow-on from the previous one. It sought to establish the role of the

majority of the plants held in the main parts of the garden.

Role of plants held in main part of the Europe USA India

garden
No obvious reason/ No information 2 3 3
Cultural heritage 1 - -

Public education 5 17 -

Long term genetic holdings 2 1 -

Taxonomy or botany teaching 2 - 3

Display 3 14 4
'General holdings' 2 1 -

Conservation - 12 1
Research 1 2 -

Table 7.28. Role of plants held in the main parts of botanic gardens, rather than special 'behind the
scenes' areas.

Q6 Analysis and discussion. Many of the answers given were rather bland statements about

education, display and conservation rather than the specific examples or reasons that had been hoped
for. The reason for this, of course, was probably that there were no specific roles, only general ones.

NB. Qs 7 and 8 concerned conservation and have been placed within Chapter 6.7

Question 9. Do you have any major new developments planned for the garden?
The purpose of this question was to find out if gardens were planning new developments, and,

if so, what features were going to be new in the botanic gardens of the late 1990s.

Q9 Analysis and discussion. The reality was that due to financial constraints most gardens
were not planning very much; in fact, many said that they would be happy to survive. While the

question had been posed to highlight new areas of thinking behind modem garden displays many
answered with items such as new collections policies rather than garden features. The question really
failed to extract much useful new information.
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Types of new development Europe USA India
None 5 9 7
Seek spp with commercial potential 1 - -

New garden areas- for public education 1 2 -

New garden areas- for display 1 4 1
New garden areas- for ecology or 2 2 1
conservation
More educational features 1 - -

Computerised plant records 1 - -

New collections policy - 2 -

New areas for amateur gardeners - 1 -

No information - 1 -

Table 7.29. Proposed garden developments in botanic gardens visited during the study tours

Question 10. How do you see the role of the live plant collections developing over the
next few years?

This question was inserted to try and encourage garden managers to look to the future; it

sought some sort of vision for the way forward in terms of the live plant collections.

Development of role Europe USA India
None/little development 6 8 8
More biodiversity & conservation-linked 1 3 -

activities
Better genetic sampling/representation 1 - -

of collections

More/better interpretation 2 9 -

More garden-based education 1 - -

More research on collections - 2 -

No information - 1 -

Table 7.30. Development of the role of live plant collections in gardens visited during the study tours.

Q10 Analysis and discussion. Again most saw little chance of development and the lack of
vision displayed by most members of garden management interviewed was a severe disappointment.
Most respondents replied that they would be content with 'more of the same'. Almost all were agreed
that garden interpretation required great improvement.
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CHAPTER 8. DISCUSSION AND CONCLUSIONS

Having reviewed the evidence generated by the literature, questionnaire, interviews and study
tours this chapter now attempts to bring the thesis to a close by discussing the main issues that have

emerged. These are taken in approximately the same order that they appeared in the text, although

many are interconnected. In this final chapter we need to consider if botanic gardens, on the basis of

the evidence gathered, have a worthwhile modern role to play and, secondly, and specifically as far
as this thesis is concerned, what part in that role their live plant collections should fulfil.

In Chapter 1 definitions of botanic gardens were given; although varied these generally stated
that botanic gardens were more than merely attractive landscapes. Essentially, there was at least

some underlying scientific or educational rationale behind them although attractive displays might

reasonably be an anticipated consequence.

At the start of the study it was the author's belief that the seemingly lax definition of a botanic

garden given by IABG (page 9) allowed too many institutions, with mediocre collections of plants, to
consider themselves as botanic gardens. However, this attitude has moderated somewhat in the

intervening period. The underlying scientific or educational base is certainly essential in order to
differentiate fully botanic gardens from those which are simply amenable, but tightly bounded
definitions ruling gardens in or out of the 'club' did not seem likely to serve any useful puipose. The
series of statements describing, in rather general terms, the nature of botanic gardens, given in the

Botanic Gardens Conservation Strategy (see Chapter 1.2) appears perfectly adequate. It shows, to

quote from Chapter 1, that "the term 'botanic garden' is a generic rather than a specific term; it is

applied loosely and encompasses a multitude of places and policies". The fact that it had been

applied loosely and encompassed amultitude of places and policies seemed a problem at the start of
the thesis. Now it seems a strength. A narrow, rather elitist view, was held at the start and it was felt

that every botanic garden worthy of the name should, for example, be undertaking detailed
taxonomic research.

The view is now held that as many gardens should be included as possible, even if rather
mediocre. It is far better that such places are included than excluded: isolation and exclusion leading

only to degeneration. This is not an invitation for more weak ones but an argument that existing
weak ones should not be excluded as this would only increase their downward spiral. If allowed to

continue, their plant resource remains available to the botanic garden community and there is

always, at least, the possibility of rescue. In addition, while taxonomic research is vitally important,
it should not be regarded as the only worthwhile reason for botanic gardens to exist- there is far more

to a botanic garden than this. The diversity of functions should not only be tolerated but encouraged;

and in maintaining plant collections to support all sorts of activities, botanic gardens, by being
included in some loose 'club', make those collections available to a vast international network of

interested parties. Exclusion from the 'club' would effectively weaken the club's total resources. So
rather than the elitist, 'closed shop' attitude a rather more liberal, open-minded attitude has emerged
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where all the activities of botanic gardens, highlighted in various parts of the thesis, may be

considered equal partners in an interdependent international family of institutions.
It is not then the definition of botanic gardens and the way in which the title is used to rule-in

or rule-out certain organisations that should be regarded as the problem. The problem is one of

perception: firstly, that the term 'botanic garden' conjures up genteel, but somewhat irrelevant and
institutional images; and secondly, that it conceals the true nature of their activities. But the blame
for this cannot be attributed to the public for they can only respond to what is presented to them. If
the live plant collections, for example, bear no resemblance what so ever to the scientific or other
work of the institution then it is likely that misunderstandings will occur. No, the fault must lie

almost entirely with botanic gardens themselves for not explaining the work they do and the
relevance of that work. If the public had at present a more perceptive understanding of the nature and

worth of botanic gardens' work then there would be little need for carefully worded definitions. The
solution lies with botanic gardens themselves; they must convey the essential meaning of their work
and the purpose, composition and designs of the live plant collections certainly have a role to play in
this.

The number of botanic gardens and the vagaries of their distribution (see Chapter 1.3)

certainly cause difficulties; both are at odds with the number of species within countries and their

associated needs for research, education and conservation. Western Europe, for historical, cultural
and financial reasons has the largest number of botanic gardens, but a relatively poor flora (in terms

of numbers). S America, Africa and SE Asia, in contrast, have fewer botanic gardens but very rich
native floras. In addition, while Europe's vegetation has generally been well documented, those of S

America, Africa and SE Asia have not yet been, and in addition are also facing rapid loss.
International organisations such as IABG and BGCI have made recommendations about the

numbers required, and authors such as Tracey (1987) have produced papers giving the rationale
behind proposed new gardens (in Tracey's case, for Australia). Numbers and distribution should

ideally be based on the following types of factor: population numbers, 'richness' of the native flora,
the degree to which it has been recorded and researched, the extent to which the native flora has been

degraded and therefore the need for conservation measures and, lastly, the need for public education.
Such factors would probably lead to a reduction in garden numbers in NW Europe and North

America and with greater numbers being created in Africa, S America and SE Asia. Such factors

would also dictate that at least some were needed in countries with low human populations but with

important floras, such as Iceland, Greenland and Antarctica. In such locations probably one would be

sufficient.

However, the reality is that most of the countries or continents in which botanic gardens are
needed are unlikely to regard the creation of botanic gardens as a priority. They simply have not got
sufficient funds. A few no doubt will be created by far-sighted governments, a few more will come
about through grants from charities such as WWF and a very few perhaps through private
benefactors.
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As before, however, while the number and distribution of botanic gardens really are serious

issues that need to be addressed, the reality is that little will probably be done because of the way in
which botanic gardens are perceived by politicians and the public alike. The genteel, but rather

irrelevant image described above simply precludes serious measures being taken to address the

situation. Politically effective international associations, outspoken directors, successful research

programmes and genuinely useful live plant collections are urgently required to reverse this attitude.

Only then will botanic gardens be taken seriously and only then will the problems of numbers and
distribution be properly tackled.

From the data collected and presented in this thesis it could reasonably be argued that in fact
the total number of botanic gardens in the world was adequate, simply that their distribution was

absurdly random and that their location was in inverse proportion to their need. Ideally, it may be

argued that each country, for its own flora, needs a mix of botanic gardens arranged in a type of

hierarchy and contributing different skills and resources. Depending on size, species, numbers, and
the need for research and conservation, each country might then have the following mix of botanic

gardens: one major, co-ordinating, government-funded garden, where the main national herbarium

and copyright library would be located. This garden would probably be the largest, with the fullest

range of resources and services: it would research, survey and monitor its own flora, collaborating as

necessary with other countries, and implementing internationally established scientific standards and

techniques. It would also curate a main national herbarium and help co-ordinate, along with

government agencies, the conservation of the natural vegetation of that country.
There might then be a series of, say, university-funded gardens responsible for graduate and

post graduate teaching, and where new techniques in taxonomy and other plant-based research might
be initiated. There might then also be a series of local or regional botanic gardens or stations,

horticulturally attractive, which would have a special interest in the conservation of locally important
or rare plants and which would also undertake adult and schools education programmes. They might
also hold a regional herbarium. These gardens could be financed by local government or partly by

public subscription. Such changes would inevitably cause great turmoil in the short tenn, but the

better structure created would be beneficial in the longer term.

Against all this, it might be argued that each country only needs one well-resourced botanic

garden- say an RBG Kew in every country. However, such a measure would not be satisfactory and
should be rejected. It would leave most of the population isolated from a botanic garden and while
much research could be accomplished other important roles of botanic gardens such as education,

conservation and recreation could not be adequately conveyed to all parts of each country.

Furthermore, while the idea may look sound 'on paper', from a management point of view, it has

generally been shown that large, devolved, government-funded institutions do not function as well as

expected.
In the meantime, however, what is needed, assuming that the problems of numbers and

distribution will not be effectively addressed, is significant levels of technology transfer from existing
well-resourced botanic gardens, and capacity building from, for instance, EU funds. What is
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required, though, is more than the loose twinning arrangement, recommended in the Botanic

Gardens Conservation Strategy. There needs to be an internationally co-ordinated pairing

arrangement to allow those well established botanic gardens to work with those well-sited but not

well resourced gardens, a few good, but random examples exist, but far more are needed. These

measures, combined, while probably not being enough to create new botanic gardens, could, perhaps
more importantly, help to halt the decline of many, presently moribund, gardens. However, this help
needs to be genuine and regarded more as collaboration rather than the patronising and short term

aid of previous times.

Research

Research in botanic gardens, and the use of the live plant collections to support it, were

described in Chapter 4. The potential for live plant collections to support research was regarded as

very great and included support for traditional (alpha) taxonomy where live plants were able to

complement herbarium specimens, the provision of fresh material for chemical and cytological

analysis and general support for pathological, horticultural and physiological research, to name but a
few. The problems faced by both live plant collection managers and users with respect to research

usage were also described in various sections of Chapter 4. They can briefly be summarised in the

following paragraph.
In the first instance live plant collections take a long time to amass, are space demanding,

require skilled cultivation and must be meticulously documented. This makes them unlike any other

type of collection such as library, photographic or artifact collection; they are alive and demand,
often daily, attention and so they cannot be switched on and off to suite short-term needs. In the

second place, once amassed there is no guarantee that they will be used for scientific purposes- usage

levels, even in the best situations were seen to be very low; also, research interests can change far
more quickly than live plant collections leaving many plants redundant before they even reach

maturity. Third, even when plants are used to support research, the usage is usually concentrated on

a relatively few individuals, usually far less than 10% of the collection- raising questions about the
scientific usefulness of the unused plants. Finally, many of the European, and some of the American,
botanic gardens carry out a lot of research on tropical floras. Live plants used to support this research

obviously require glasshouse protection in temperate countries which in turn dictates that few plants
can be grown- this further means that levels of live plant use for these programmes are relatively
small. Consequently, for scientifically-based temperate botanic gardens concentrating on tropical
floras questions must inevitably be raised about the use of their general outdoor holdings and also the

logic of doing this research outside the countries from which the plants have come. Such projects, if

possible at all, must necessarily be of short duration as their sustainabitity is questionable.
These factors combine to ensure that the relationship between plants grown to support

research and their actual level of use is often tenuous. Botanic garden managers face genuine

problems when trying to reconcile the fact that live plant collections really are needed to support

research yet in reality are seldom used, despite being often large, comprehensive, well documented
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and expensive to maintain. Q16a of the questionnaire revealed the astonishing figure that 46.5% of

respondents thought that insufficient use was being made of the live plant collections in their botanic

garden. This was despite the fact that previous questions had established that the use of live plant
collections to support research was scientifically valid and that the collections were regarded as an

important resource- in fact the most important resource. This figure must surely call into question the

value and use of live plant collections. Interviews during the study tours failed to reveal much radical

thinking in this area- there seemed to be no new wonderful ideas which were going to revolutionize
live plant collections for research or provide a single model for the way forward. However, there
were a number of 'good practice' examples, good management examples and interesting conceptual

ideas which, while not being individually radical, might in combination, make a significant impact
on the management ofmost botanic gardens. These are detailed in the following sections.

It is often helpful to identify plants that support research into a number of conceptual groups.
These at least give mental acknowledgement to the fact that some plants will be held for a long time
and may not be used actively; but as long as they are thought of in those terms then there will be

little expectation, and therefore little anguish, about levels of use. Others may be thought of as

fulfilling immediate uses. Four examples may be cited.

Firstly, those supporting research now, grown in special facilities away from public areas of
the garden, with a high level of input from scientific staff, and with specific short term goals; three

examples are a) growing Chinese (mostly) Umbelliferae at RBGE to use for cytogenetic studies, b)

cycad pollination systems at the University of California Botanical Garden, Berkeley, c) the
cultivation ofDracaena fragrans at the Botanical Gardens of the Agricultural University,

Wageningen for the duration of a project initiated to determine its confused taxonomy (see Case

study 4.3).

Secondly, those plants that are known to make poor herbarium specimens, in which case the

live plants can almost be thought of in terms of living herbarium specimens; scientific input and use

could be variable depending on current research topics and the plants will normally form part of the
outdoor landscape of the garden. Examples have already been listed in Table 4.7 but a particularly

noteworthy garden in this respect is the Fairchild Tropical Garden which holds a very large
collection of palms and cycads most of which would be almost impossible to make into herbarium

specimens.

Thirdly, those plants supporting medium term floristic or monographic projects now; these

projects are likely to last from 15-25 years; the level of input from scientists can be variable to very

high depending on personal interest and the need for live plants to support the project; plants may be

grown in either special facilities or in the general garden landscape. Examples include projects on

Zingiberaceae and section Vireya Rhododendron at RBGE, Scrophulariaceae and Impatiens at Bonn

Botanic Garden and Amorphophalus, Chlorophytum and ferns at Leiden University Botanic Garden.
Fourth and lastly, those plants, especially trees, that are likely to support an institution's long

term scientific interests and can be thought of as 'biological standards'. For example, rather large

general holdings that have been accumulated for historic and/or climatic reasons but within the
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clearly defined boundary of a garden's acquisitions and collections policy. Such plants will also

normally form part of the outdoor landscape. If held by Government financed botanic gardens they

can be thought of not only as servicing the institution's long term needs but also as part of a national

biological reference source for the use of all. However, it should be noted that maintaining a tree

collection beyond a life of one generation poses special management problems on restricted sites.

Examples may include certain families or genera (eg Ericaceae at RBGE or Acer & Quercus at the
Arnold Arboretum), generalised plant groups (eg epiphytes at the Marie Selby Botanical Garden,

cacti/succulents at the Huntington Botanical Garden or alpines at RBGE), ecosystems (eg pine ridge

plants at Bok Tower Gardens or prairie plants at Garden in the Woods- these often link with

ecological or conservation research) or plants by country/region (eg Californian natives at Rancho

Santa Ana Botanic Garden or Chinese plants at RBGE).
Some of the conceptual groups described above are specific, others general. They also leave

many plants unaccounted for and it is suggested that these should be thought of as falling within

other functional categories, for example education and conservation (which will be discussed in the
next parts of this chapter). There is a need, therefore, to accept from a scientific and management

point of view that it is fair and reasonable that a botanic garden may indeed grow a great many

plants that may not be used scientifically, but which nevertheless constitute a scientific resource.

Interestingly, staff at the National Arboretum, Washington, were virtually the only people
interviewed who mentioned this as a specific policy for the Arboretum. Being a government funded
arboretum cultivating general collections 'for the national good' was regarded as an important part of
their remit.

It is fair also to make the point that in some cases plants may serve science even if the
individuals are not themselves ever examined by a scientist. By contributing to the quality of the

landscape, plants can attract paying visitors and the-money generated can be used for scientific
research. While it must be very rare for gardens to generate any significant profit, this remains at
least a theoretical possibility. At Missouri Botanical Gardens very few of the plants are used to

support research, although they certainly support education. The plantings are very attractive and the

gardens are visited by more than 600,000 visitors each paying a substantial entry fee. It is possible
that some of this money is diverted to supporting scientific research.

Dialogue between users (scientists in this case) and providers (horticultural staff) is essential.
If the garden claims to be growing plants to support research and the reality is that scientific staff are

not using the plants then there is obviously something wrong and the users must get together with
the providers to discuss the situation. If plants genuinely are not needed to support research then this
should be admitted, because trying to grow plants, in the pretence that they are needed, is a waste of

time and resources that leads to expense and frustration. Assuming that plants are needed- and the
research and study tours confirm that they are, at least in certain, specific situations- then the one

most obviously needed action is that scientific staff should be more widely consulted. In fact, all
botanic gardens need a formal mechanism to ensure that this happens. Scientific staffmust articulate
their needs clearly otherwise horticultural staff will work in isolation only to be accused in years to
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come of not producing plants in the way required. In addition, an agreed policy concerning the future
of the plants when the research programme has run its course is of the upmost importance.

Acquisitions policies which were described in Chapter 7 are the most obvious way in which this

happens already, but far more is required; there needs to be close co-operation between individual
scientists and those growing his/her plants. In situations where this was observed to happen both

sides appeared content, plants were well-grown and scientific output was of a high standard.
There is no doubt that even in well organised botanic gardens that adhere to their

acquisition/collections policies, there is still much material that is of little use. Perhaps these are

plants that have no documentation or are not of wild origin or are duplicated in many other gardens
or are of cultivars that have no historic value and have been superseded by more recent, more

attractive additions? There is a great need to methodically and carefully reduce the proportion of

these plants and replace them with more 'worthy' material that at least has a chance of being used in

the future. This is a process of rationalisation.
There is also an overwhelming need for botanic garden collections to be more closely

integrated and networked at a number of levels and for a number of reasons. Networking was dealt

with in Chapter 7 and is mentioned again towards the end of this chapter but the main advantages

from the scientific collections point of view are as follows: firstly, it would enable each garden to

know what the others held and would therefore obviate the need to try and hold everything; secondly,
it would allow each garden to specialise in what it grew best within its climatic and soil limitations,
and therefore again obviate the need to try and hold everything; thirdly, it would allow each garden

to specialise in what it grew best from an historic, cultural or scientific point of view; and finally, the
factors above would combine to reduce the number of species held, thus creating space to grow a

wider geographic, variational or genetic cross section of the species, and also in communities rather
than as individual specimens, that really-mattered scientifically.

If botanic garden collections could be networked at local, national and even international

levels and then collection managers encouraged, not only to specialise, but to try and obtain unique
accessions of species rather than duplicating them between each other, then the combined local

and/or national, and eventually international, holding within collections could be vast and

genetically diverse.
If a botanic garden is an acknowledged leader in terms of holding an outstanding collection

then it makes sense for them to seek to constructively exploit this to its maximum potential. It is
therefore important for management firstly to ensure that others know it is outstanding and therefore

likely to attract scientists to come and use it, and secondly, to devise projects and seek funds to offer
staff and others placements to work on particular aspects of the collection. The latter can be thought
of as 'targeted bursaries'; in essence they are a method of ensuring that good collections are worked

on. At present such schemes are rare but they have the potential to be used more often.
It is the combination of skills and resources that make botanic gardens unique, and valuable,

institutions; this is a point that was emphasised in every chapter. It is only in botanic gardens that

live plants, and people capable of cultivating them, are grown and are available for research within
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the same institution that employs scientific staff backed by appropriate facilities such as herbaria,
laboratories and libraries. In the case of research, examples given within Chapter 4 have shown that

live plant collections can serve scientific needs admirably, and in many cases uniquely, despite not

actually being used very often. In many cases it is only in botanic gardens that it is possible and
sensible to do such research.

In conclusion, despite relatively low levels of usage, the literature, questionnaire and
interviews have shown that live plant collections in botanic gardens are an important, scientifically

valid, research resource. Botanic garden administrators have to accept that many plants are not

always of immediate use, they are not necessarily needed for current, specific research but that it is
still valid to hold them for some unknown use in the future. While animals, for instance, can be

moved for research purposes the same cannot be said for plants; they grow slowly and generally

cannot be moved around easily. While genebanking, 'bonsaiing' or straight-row cultivation of plants

might be acceptable from a scientific point of view as genetic information would be held intact and

be available, it would not be acceptable for the other functions of botanic gardens, and it has been
said frequently before that it is the multi-functional nature of botanic gardens that is their real

strength. However, this said, the highest levels of planning, management and co-ordination are

required to make sensible choices ofmaterial bearing in mind possible future needs, maintain
collections methodically, avoid duplication and collaborate with others as much as possible to create

integrated, networked collections.

Education

Education in botanic gardens and the use of the live plant collections were described in

Chapter 5. The potential for live plant collections to support education was regarded as very great

and included their use as a basis for interpretation,-explaining cultural, medicinal or economic uses

of plants, gardening classes, guided tours, support for exhibitions, games and role playing, their use
in order beds and material in practical botany classes, to name but a few. Also, plant material from
live plant collections had relevance to all ages, levels and abilities, including primary, secondary and

tertiary education as well as adult classes and recreational courses such as gardening, painting and

nature study clubs. The problems faced by live plant collection managers and users with respect to

education usage of collections were also described in various parts of Chapter 5. They can briefly be

summarised in the following paragraph.
In the first place, the main problem with plants from an educational point of view is the rather

restricted ways in which they can be used, and particularly in trying to make them interesting and

exciting, especially for younger children (largely because they don't respond rapidly to stimuli and
also things 'demonstrated' are not as fun as things 'done'; however, a little imagination can do much

to overcome these difficulties). Secondly, even if interesting things to see and do' can be devised,

existing garden designs often conspire to ensure viewing and comparison are difficult due to distant
locations. Also, the seasonality of flowering and fruiting can cause problems. The third problem is
that educators usually have to accept existing species selections and garden designs.
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Despite being one of the greatest users of the live plant collections educators have very little

input into the gardens. Additionally, thought of educational use and issues of design are usually

developed chronologically the wrong way around. Ideally, educators should think of the educational
themes or messages they wish to portray first and then the garden areas should be designed to fit in
with these; typically, these occur the other way around. Finally, lessons from the Kew survey

(Burbidge, 1990) should be borne in mind. Only a tiny fraction of visitors (other than organised

groups) come specifically for educational purposes, therefore the vast array of interpretation, leaflets
and signs can be regarded as of little use, unless they are designed with this knowledge in mind. In
botanic garden management there is a fundamental need to distinguish between conscious
educational purposes and those which are merely 'messages' communicated informally to the wider

c.

visiting public. The latter may be said to be of far greater importance, certainly for most, education is

largely incidental, and is ingested subconscious by the average visitor.
One of the paragraphs describing research started by saying "botanic garden managers face

genuine problems when trying to reconcile the fact that live plant collections really are needed to

support research yet in reality are seldom used ...". This is certainly not the case with education

which proved to be amajor function of the live collections in a great many botanic gardens.

However, a number of problems exist and solutions need to be found and applied.

Unfortunately, as with the research interviews during the study tours, little radical thinking in this
area was encountered. Yet again, no new wonderful ideas that could revolutionize live plant
collections for education emerged nor any that provided a single model for the way forward. This
does not necessarily mean that there are no ideas, simply that none emerged during interviews.

However, the interviews did reveal a group of dedicated and enthusiastic botanic garden educators,
often working in isolation from other botanic garden departments, who made the very best use of the
live plant collections available. The interviews also revealed a great sense of frustration that their

ideas and views were seldom, if ever, taken into consideration, despite the great use made of the

collections by them. Again, while there were no revolutionary ideas, there were plenty of 'good

practice' examples which if adopted by more botanic gardens would combine to make a considerable

impact on the usage of live plant collections; many of these have been highlighted in the case studies.
The following paragraphs present the main issues.

The single most important step forward should be that education staff have an input into new

designs and species selections. Education, in its widest sense, is the biggest user of the live plant
collections and therefore education staff should be involved in designs and species selections. Again,
as with research, it is a question of communication- the providers and maintainers of the plant
collections really must find out what is required otherwise new areas will be created only to be

labelled "irrelevant" by education staff. A complication here, however, is that educational attitudes
are constantly moving, and what is, and what is not, regarded as relevant changes with time. Not

only, then, must garden staff and educators communicate at the start of projects, but existing projects
should also be reviewed regularly. Types of design were described in Chapter 7 and their merits and

disadvantages listed; some were particularly helpful for education, others less so. They will be
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mentioned later in this chapter but the single issue that needs to be emphasised and re-emphasised
here is that education staffmust have an input into the live plant collections or at the very least be

consulted about developments.
If botanic gardens are serious about their intention to change attitudes and educate the

community about the importance of plants then outreach programmes and programmes involving the

local community should be more widely adopted. Those entering the garden are only a tiny minority
of the community and are probably 'converted' anyway. Taking programmes out of the garden and

into areas or groups of people who would not normally visit a botanic garden is one of the few ways,

other than by using TV and media coverage, of 'getting the message' to a wider public.
The development of new and interesting 'hands-on' approaches using live plants must be

regarded as a priority. The point was made several times in Chapter 5 that plants are not as

immediately appealing as animals, they don't move and aren't cuddly. In addition, in many parts of
the world, plants are dormant, lose their leaves or perenate underground for long periods making
them even less attractive. While the case studies gave some examples of innovative programmes that
used plants in radical, exciting ways, far more projects of these kinds are required to get the best
from plants in terms of their educational potential. In addition to this, and allied to it, is the fact that
education in botanic gardens has tended to be isolated and fragmentary, unrelated to curriculum

needs and separate from school classes, ensuring that information was probably soon forgotten. This
is changing now and many botanic gardens have tried to integrate their programmes into national
curicula so that visits to botanic gardens can be regarded as genuinely important and worthwhile.

These trends must be encouraged and furthered as they make botanic gardens, and therefore their
live plant collections, truly needed resource centres able to provide information and materials that
others are unable to provide in the same sort of way.

In the same way that botanic garden educators seem to have been trying to increase the value

of botanic gardens and their collections for secondary school children recently by, for instance, the
measures describe in the paragraph above, so there is now there is a need to focus on undergraduate
students more. While many university botanic gardens were created specifically to service botanical

teaching and research in universities, their role in now usually very tenuous (see Case Study 5.20).
This is because of changes in research and teaching allied to the conjunction of botany (and zoology)

departments into general biology departments. The focus of teaching and research has moved from
the whole plant to a cellular and molecular basis and few students study 'whole' plants except,

perhaps, during first year lecture series, which typically may be titled as 'the functions and diversity
of plants'.

Fewer students today take options in taxonomy and even fewer pursue this into doctoral

research. This has left university botanic gardens with the problem of underuse. It is just possible,

however, that this trend may change in the future. With an increased emphasis on the genetic
structure and diversity of species, it may be argued that the live plant collections of botanic gardens
will regain much more intensive use as fresh material is frequently required for analytical purposes.
In the meantime more effort is needed to reverse this trend by, for instance, offering easier access to
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resources, more information about the gardens, ideas about possible projects and help with research.

In short, they need to completely rethink their reason for existence. If the lead for this does not come
from the botany departments they were set up to service then they must be given the freedom to

rewrite their own policies. And if they are to do this they must be relevant to modern needs. While

many so-called modern ideas might be incorporated (such as floral-rich meadows and high-tech
audio-visual presentations) there would, in general, be a real opportunity to move these botanic

gardens on from the study of individual species to whole communities, possibly including animals, so
that nature was nor longer thought of as a collection of unconnected individuals. It could be argued,

however, that national nature reserves worldwide fulfil this function and have rendered the concepts

of botanical and zoological gardens obsolete. While this is certainly true in part, there is still a need,
at least for botanic gardens, based on their proximity to large towns and cities and the multi¬
functional activities they are able to offer.

Interpretation was highlighted as a source of concern at almost every botanic garden visited.

While a 'one-to-one' explanation or a guided tour from members of botanic garden staffmay be the

ideal way of imparting information it is obviously not possible to offer this service at all times and in

all places. Interpretation offers the best alternative for explaining the essential facts about a group of

plants to visitors and is available at all times. However, techniques and standards vary enormously
and in many cases nothing exists in places that demand just the simplest of explanations. In addition

to this, interpretation is almost always designed well after a planting has been established. In an ideal

world, educational 'messages' should be devised first, and then plants selected to project them.

Interpretation techniques (meaning both the materials used and the form of words/graphics), along
with the plants and designs used to create them require considerably more thought than they

currently receive in most botanic gardens.
It was noted that the live plant collections made a very big contribution to recreation in

botanic gardens. The reason for this is that they are usually visually attractive and offer safe, open

space for walking and relaxing, often within highly populated urban areas where comparable

facilities are limited. They offer also a special kind of paradise in which the visitor can enjoy being
surrounded by a wide range of interesting plants without the inconvenience, and the risks, of seeking
them out in the wild. Many have bright, floristic displays and unusual plants, or contain well-grown

specimens displayed to best advantage; other attributes include the contact with nature in urban

surroundings or even contact with exotic plants far removed from their normal surroundings. While

professional botanic garden staffmay sometimes overlook the significance of recreation in botanic

gardens, preferring to devote more thought to research, education and conservation, it should not be

forgotten. Moreover, recreation, it may be argued, is a legitimate part of all plant research, education
and conservation. The live plant collections and the staff who maintain them obviously make the

single biggest contribution to recreation and this facet of their existence must certainly not be
overlooked. This essentially is the 'garden' function of a botanic garden, and its importance as a point
of contact with the visiting public is preeminent. Not only is the provision of recreation important in
its own right, but botanic gardens have to look attractive if they hope to fulfil other functions,
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especially education. If botanic gardens are not visually attractive then few will visit and

consequently few may be tempted further. Horticultural display and the provision of high quality
recreational space is certainly an important and worthwhile function of botanic gardens and of their
live plant collections.

Conservation

Plant conservation in botanic gardens and the use of the live plant collections were described
in Chapter 6. The potential for live plant collections to support conservation were regarded as very

great and included technical support for in situ conservation, ex situ conservation, conservation

education, research, re-introduction and genebanking, to name but a few. It was important also, to
remember that taxonomic research, while not being undertaken specifically for conservation, made a

very real contribution to it. There were many staff in botanic gardens, in fact, who believed that this

activity only, was the true contribution of botanic gardens to conservation. It was noted that

conservation work in botanic gardens in no way covered the full gamut of conservation activities as

many tasks were not suited to the resources and expertise of botanic gardens and were best done by

others. The chapter did demonstrate, though, that botanic gardens could make significant specific

contributions and that there were some activities that could be done better by botanic gardens than by
others. The problems faced by live plant collection managers and users with respect to conservation

usage of collections were also described in various parts of Chapter 6. They can briefly be

summarised in the following paragraph.
In the first place, the genetic representation, especially for those species being considered for

re-introduction (which necessarily requires the highest levels of 'genetic quality control'), was often

inadequate. Secondly, better documentation of the rare, threatened and endangered species held was

needed. Thirdly, an appreciation of why such plants were held and what was to be done with them

seemed to be a problem. In the fourth place priorities needed to be set as a botanic garden could not

hope to work on every species. Above all, what seemed to be needed by most gardens, however, was a

clearly thought out policy highlighting what they could do themselves or in conjunction with others.

Many gardens appeared to have a rather random mix of conservation activities that seemed to have

evolved through a series of ad hoc opportunities and made little coherent sense. This was particularly
true, perhaps, with the role of the live plant collections in the way they supported conservation.
There was also the real problem of the fact that the place where conservation was needed was 'out in

the real world', not within the confines of a botanic garden. Whole regions, with numerous

communities of plants, needed to be conserved and so there was often a feeling of impotency, that the
efforts of botanic gardens would be so small as to be insignificant. It should also be mentioned that

the attitudes to conservation held by many botanic garden staff seemed very old-fashioned, further

emphasising that botanic gardens have not kept pace with other academic institutions in this aspect.

Finally, it was noted that in many developed countries botanic gardens were separate from forestry

departments or government conservation agencies while in many developing countries botanic

gardens were often administered from within those departments. If botanic gardens are to be closely
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involved with the country's plant conservation then it makes sense for them to be administered in

partnership with similar organisations. Developed countries would do well to integrate their botanic

gardens more closely to other government conservation agencies. However, the many case studies

within the chapter were able to demonstrate that some botanic gardens, at least, were making

specific, if limited, contributions and that, combined, the efforts of botanic gardens towards the

conservation of plants could be very great.

Heywood (1990) reminds us that the common perception of botanic gardens (presumably

amongst all sectors of society), even today, is that they have virtually no role, actual or potential, in

plant genetic resource work but rather that they grow in a somewhat random and uncorrelated

manner a diverse array of rare or endangered plant species, usually in small numbers. Plant breeders

and those engaged in plant genetic resources are either ignorant of the activities of botanic gardens
or are dismissive of their effectiveness. There is some truth in this and the ex situ procedures of
botanic gardens are the subject ofmajor reassessment at present so that their effectiveness can be

greatly enhanced. On the other hand, Heywood continues, there are no institutions or agencies, other
than botanic gardens, that are today seriously concerned with conserving the germplasm of the great

majority of wild species, especially those that are rare or endangered.
So where do botanic gardens stand in the world of conservation, and what is the true role of

live plant collections? The fact is that botanic gardens have been slow to realise their place, and

many botanic gardens are still ignorant of what they can do. It is also true that the ex situ

'conservation collections' within botanic gardens have been amassed without any clear policy-
numbers are variable, genetic representation is unknown, the exact origin is often unknown and there

has been no particular reason for holding them. However, the case studies presented in Chapter 6.4,
have shown that in some, albeit isolated, cases botanic gardens were making a clearly thought

through contribution to conservation and-the live plant collections and associated staff were

contributing to this process.
The following paragraphs now attempt to highlight the main issues involved in growing

plants for conservation purposes; these include priorities, genetic diversity and numbers,
documentation and purity of material.

Priorities. For a whole series of technical, logistical, financial and political reasons it is not

possible to try and conserve all species and so priorities must be established. In setting priorities it
has to be accepted that some species are either in greater need, or are more important than others. In
the Botanic Gardens Conservation Strategy, for instance, it is proposed that attention should be
focussed on:

- economically important species,
- species required for reintroduction
- keystone species,
- taxonomically isolated species
- primitive cultivars
- semi-domesticated species.
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To this list may be added groups such as medicinal plants, wild relatives of ornamental
cultivars and locally rare, threatened or endangered species. However, these are likely to be modified

by local priorities, funding and circumstances. (It is interesting to note however, that this is a very

'species orientated' approach rather than an ecological approach, showing still the rather old-
fashioned nature of botanic gardens). The priorities of an international botanic garden, such as

RBGE, may, for instance, differ from a regional or smaller garden's priorities (such as Cambridge

University Botanic Garden). Indeed the priorities of an individual project might vary from another

project within the same institution. The Conifer Conservation Programme, based at RBGE and

highlighted in Case study 6.3, has attempted to prioritise the species it will attempt to conserve.

Factors such as rarity, accessibility, cost, ease of cultivation within the UK and degree of
conservation being imposed by the country concerned were all considered.

In deciding on priorities, close liaison must also be maintained with other agencies such as

the International Plant Genetic Resources Institute (IPGRI) and the Food and Agriculture

Organisation (FAO), national and regional genebanks, forest organisations, conservation bodies and

so on. It has to be remembered that decisions on priorities will differ according to the different user

groups and a distinction will also have to be made between local, national and global priorities.
Conservation is undertaken by and within nation states, not by world bodies, so that there has to be a

proper flow of information between such bodies and the countries concerned when overall priorities
are assessed.

Of course there are also major differences in practice between the conservation of germplasm
for plant breeding by the various crop genebanks, and the conservation of samples of species as part

of an overall strategy for their survival and potential re-introduction into the wild or reinforcement of

endangered wild populations. Ln the former, the bulk of the accessions are of cultivars and only a

small minority are wild relatives. Most of the accessions in crop seedbanks consist of several

thousand seeds and characterisation and evaluation of the material is an important part of the whole

operation, even though it is not always achieved.
Conservation of plants by botanic garden is concerned with a much larger number of species

and fewer accessions of each. Much more effort is placed on understanding the reproductive biology
and cultural requirements of species that are candidates for reintroduction or for introduction into

cultivation as in the case ofmedicinal plants and other locally valuable plants.
While it may seem natural for botanic gardens to concentrate on their locally rare, threatened

or endangered species this is not always the reality. The questionnaire has highlighted major
differences in this respect, for instance, that botanic gardens in Africa, S America and Australasia

gave great emphasis to native endangered plants, in contrast to N American and, in particular,

European gardens which gave them less emphasis. The fact is that in European gardens, at least,
conservation activity tends to reflect research interests and, as we have seen already, this is as much

a consequence of colonial history as of modem needs.

Genetic diversity and numbers of individuals. Reference has already been made to the fact that

ex situ collections of rare, threatened or endangered plants can be thought of in two ways: ones
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which have been amassed specifically for re-introduction purposes and others which have been

accumulated through time for other reasons. The former are likely to have had some thought given to

numbers of individuals and genetic representation while the latter are typically of a rather ad hoc

nature. Using The Conifer Conservation Programme, based at RBGE, as an example again (Case

study 6.3), it is of note that they have given a great deal of thought to this issue as has the Centre for
Plant Conservation (CPC), highlighted in Case study 6.4.

It has not been the purpose of this thesis to delve into the intricacies of this issue save to make

the obvious point that if a plant species is re-introduced into the wild from only a tiny fragment of its
former genetic diversity, that has been held ex situ in botanic gardens, then this will be less

satisfactory than if the material is derived from a diverse genetic pool. When sampling species for ex
situ conservation collections, care must therefore be taken to sample from across the population (or

populations) of the species. However, this raises all sorts of problems, for example:
- how many seeds are required from each plant?
- how many individuals should be sampled from?
- how many populations should be sampled from?
- having gathered the seed, how many individuals, from how many populations should

cultivated?

- and then finally, at the re-introduction stage, how many plants should be planted, how
should populations be structured and should the original populations be kept separate?

While such questions seen daunting they are the sorts of problems facing those growing ex

situ collections for re-introduction. If botanic gardens are to be involved with conservation of this

type they must grapple with, and resolve, these types of question. They also show why ad hoc
collections that have perhaps existed in collections for years are not really suitable for re-

introduction- their collective genetic composition is simply not adequate for the task. Luckily,

guidelines are starting to appear and perhaps the most comprehensive to date are those produced by
Falk and Holsinger (1991) which have been highlighted in Chapter 6 and which have also been used

to guide the CPC collections. BGCI have also been working on this issue and a document by

Bramwell and Heywood (1993) has been produced but not yet published. The problem with many of
the guidelines is that they are usually based on good research that is simply not possible to achieve in
the field. Falk and Holsinger (1991) for instance discuss the number of populations that must be

sampled to catch a certain percentage of genetic variability. The reality is that for the vastmajority of

species we do not know how many populations there are and where their geographic boundaries start

and stop; even when within a population terrain, accessibility and percentage of seed set may

preclude accurate sampling.
Even when sampling has been done properly it is not always possible to grow sufficient

numbers to represent the genetic diversity captured in the seeds. Again, there are guidelines about

numbers required, but authors vary in their opinions from about 10 individuals per population to

about 100 individuals per population. If trying to conserve, say, five populations of large tree this
would take up a very considerable space. It is for this reason that the Conifer Conservation
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Programme at RBGE has, for example, tried to establish a network of 'safe sites' in which to grow

conservation collections of conifer. But again this brings in all sorts of problems about ownership,

access, documentation and a whole host of other logistic problems. It may just as cogently be argued

that all species are best 'saved' by good in situ management in the first place, and that this is where

all, or most, of our priorities should be. However, where this does not occur, or when species are

down to a minute remnant of their former numbers then ex situ conservation does have a role.

Finally, however, it is stressed that while these two views may be reasonable, current thinking argues

that there should be no differentiation between the two concepts- they should both be regarded as part

of a continuum and botanic gardens certainly have an important part to play.
Accurate documentation of live plant collections, which could also have been highlighted

under other headings in this chapter, is vital if they are to have any future use, particularly for
conservation. This is one of the aspects of botanic garden collections that makes them different to

other gardens' collections and which are often overlooked by those assessing work rates of staff in
botanic gardens. It causes problems because, irrespective of how meticulous staff are, documentation
can easily be lost, destroyed or accidentally swapped with other plants. The importance of
documentation is that it is vital to know the exact original location of the plant material, without this,
individuals cannot be traced back to original sites or populations. Re-introductions or any work

involving the genetics of different populations would therefore be flawed, as would the research of

those plotting taxonomic variation across geographical areas.
Genetic purity of material could also have been cited under other headings but is perhaps best

covered here. The very nature of botanic gardens dictate that a vast array of plant material from
across the world is grown together in close proximity. Geographically isolated species from the same

genus may well be grown side-by-side where they could produce seed hybrids that would be

impossible to achieve in the wild. Additionally, the-process of cultivation usually selects for
characteristics that may not prevail in the wild. For instance, horticultural staff typically select the

most vigorous seedlings when transplanting. For these and other reasons, plants in botanic gardens

are often not suited to conservation research or re-introduction work even though they may be

perfectly satisfactory for display or education. At the start of RBGE's Conifer Conservation

Programme, for instance, it was thought that seed for re-introduction could be taken from plants

grown in safe sites if populations of species were isolated from each other and if the safe site was

isolated from other collections. It soon became evident, however, that this would not be the case. The

UK contains such a great range of plants from across the world that almost no site is safe from

'rogue' pollen. For these reasons it has been decided that when seed is needed for re-introduction it
will be produced by isolated pollination techniques.

Collection management

In Chapter 7 the management of collections was considered. It was noted that managers of
live plant collections attempted to grow plants for a number of different, sometimes, conflicting user

groups. These included those interested in research, education and conservation, as well as members
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of the public who enjoyed the gardens for horticultural displays, relaxation and recreation. The

surveys used for this thesis and the case studies cited have shown that live plant collections can

contribute in very significant ways to the activities of botanic gardens; in fact the live plant

collections can be considered to underpin almost all botanic garden activities. Research and
education staff listed the live plant collections as their most important resource. There was no doubt

that if these collections were not available then much of the work carried out within botanic gardens

would have to stop. However, there was also no doubt that the quality ofmanagement of the

collections could seriously affect the usefulness of the collections.
Most garden managers would probably quote lack ofmoney and skilled staff as their main

problems. However, while this is no doubt true, a number of other common problems have been
identified. These are listed in the following paragraph.

The first must be communication which has been listed before in this chapter but needs to be

mentioned again. Too often horticultural staff in botanic gardens seem to work in isolation from

those who use the plant collections. However, neither are competent to advise in these matters if

there is no overall guiding strategy. Blame, however, should not always be apportioned to the

horticultural staff because communication is a two way process and there is equally an onus on the

users to speak to the horticulturists. In the second place the importance of careful documentation and

record-keeping should be mentioned. These are one of the key components that make live plant
collections in botanic gardens significantly different from other types of plant collection. However,

they can often be regarded as a problem as they slow down the pace of work. Genetic representation
and genetic purity are also problems which have been mentioned before. The time taken to amass,

and indeed to dismantle, collections which support projects should also be listed, as this, in

particular, is an issue that is not appreciated by many. It takes time, skill and effort, not to mention

the costs involved, to gather large collections and often the horticultural planning has to start in
advance of the project itself. Likewise, once the project has finished the residue of plant material can

continue to have an impact on the landscape or the resources of the garden for many years to come.

Lastly, the problems of trying to provide services for many, often diverse user groups should be

acknowledged.

While the interviews were again unable to elicit many radical ideas for the ways ahead in

terms ofmanaging live plant collections a number of key issues were none-the-less identified as

being of prime importance and in need of debate in many gardens. These included collections

policies, plant records, networking and collaboration, collection designs and genetic representation,
to name but a few. If these, relatively straightforward issues, were discussed and implemented in all

botanic gardens the combined improvement would be very great indeed. These issues, some of which
have already been discussed in sections above are discussed in the following, paragraphs.

Collections' policies were regarded as the single most important document for the curation of

plant collections. The presence of a such a document was regarded as amajor tool for the organised

management of collections over time. Correspondingly, the absence of one generally led to short

term planning and an ad hoc, unfocussed assemblage of plants. These documents were discussed in
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detail in Chapter 7 and no further mention needs to be made of them here except to reinforce their

importance and state that they should be more than just lists of plants. Ideally, they should be drawn

up in conjunction with major users and should include details of the ways in which plants should

support projects, possible locations and designs and the time-scale over which they should be
maintained.

While computerised plant records are being adopted by an increasing number of gardens they
need to be recognised as more than just records of collector, date of collection and garden location.
The powerful capacity of systems such as BG-BASE should be regarded as management tools that
can be used regularly for the active management of live plant collections. It is fully appreciated that
such systems also demand considerable time in terms of data entry and management, but if this can

be accomplished then the returns in terms of collections management can be very significant. In
addition, the more gardens become computerised in terms of their live plant collections, and the

more that such systems are compatible and available for consultation, then the more real becomes the

possibility of national rationalisation. This is discussed in more detail below.

Networking, collaboration and twinning were regarded as major issues and ones which will
become of increasing importance. They were discussed in great detail in Chapter 7 and little more

needs to be added here except to reinforce their importance. It was noted that networking could be
considered first, in terms of networks of botanic gardens, at regional, national and international
levels and that such networks offered the opportunity for disseminating information and providing a

forum for debate. Secondly, there were networks of plant collections; these offered the potential to
rationalise collections in line with a national approach- surely the obvious way forward for the
future? This would avoid the duplications currently encountered and allow individual gardens to

specialise a bit more thereby offering the potential to represent greater genetic variation within

species. Finally, there was the networking of plant-collections databases mentioned above. This
would allow collections managers to see what others were growing and would provide a valuable step

towards the rationalisation mentioned previously. The major concerns at present, apart from aspects

such as technical compatibility, are those of confidentiality and security. This is a problem facing all
such networkings of biological data, not just those of botanic gardens; it is, for instance, currently

being debated by the UK's Biodiversity Action Plan Steering Group. National and international

standards and protocols will no doubt be eventually negotiated and botanic gardens will be able to
contribute to this process and eventually adopt agreed recommendations.

Collaboration was regarded as an important way of sharing scarce resources between botanic

gardens, allowing the transfer of technology and even of sharing staff and funds. In many cases now

botanic gardens seemed to be emerging from their isolated states and were beginning to collaborate

with other types of institution to form, for instance, collaborative consultancies. While many in
botanic gardens may have a rather introverted opinion of their worth it is interesting to note that

other organisations consider that botanic gardens have suitable skills and resources to contribute to

such collaborative ventures. Often, as mentioned frequently before, this is because botanic gardens

have a somewhat special mix of skills- scientists to investigate problems methodically and
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horticulturists to cultivate plants, and both backed up by the required resources such as laboratories

and greenhouses. Finally, twinning was regarded as a particularly useful way of transferring
technical expertise to botanic gardens in less favoured parts of the world. It was important, however,
that the objectives of such twinnings were clearly defined and that both parties benefited.

Designs and types of planting were described in Chapter 7.4, part iv, and there is no need to

list them again here. The main point to mention though is that while horticultural staff are certainly
the best people to make plant selections (in collaboration with, or advised by other user groups) they
are not necessarily the best designers.The perennial dilemma of plant display in a botanic garden is

that of having to reconcile the need of forming an adequate collection against the need of

structuring that collection in a sufficiently strong, simple and coherent visual framework so that it

retains a clear unitary identity. Without such an identity a botanic garden, as a design, disintegrates
into a piecemeal aggregation of individuals and at worst becomes analogous to an enthusiastic and

over-ambitious philatelist attempting too much. If professional landscape architects were offered the

opportunity to work alongside botanic garden horticultural staff the resultant designs and plant
collections could indeed be very exciting but they can only work satisfactorily if given a sufficiently

long term framework to plan within. The other point to mention, that has been included many times

before, is that horticultural staffmust communicate with user groups before, during and after

creating new plantings. There is simply no point in creating new designs without consulting with

others; this is especially true with regard to botanic garden education staff.
Genetic representation is a major issue that has already been discussed above in the section

about conservation. However, genetic representation is not only important for conservation but for

research and education also. Taxonomic staff, for instance, may wish to study genetic variation
within a species across its geographic range and a molecular biologistmight wish to extract DNA

from a wide sample of accessions to look at the variation. The principles governing the collection of

samples in order to give representative genetic variation vyas mentioned in sufficient detail under
conservation and is therefore not discussed again here.

Priorities could have been discussed either under conservation, collaboration or within

collections policies but seemed important enough to list separately. Individual botanic gardens

cannot cultivate, research, or conserve all plants and it is therefore essential that they prioritise,

specialise and collaborate. To start with their efforts should clearly be devoted to wild plants and they

should predominantly cultivate those plants which their climate and expertise can best accommodate.

After this, criteria to select priorities based on factors such as rarity, need, cost effectiveness,

possibility of success and so on should be imposed to produce target lists of species. However, the

only way this can sensibly be done is through cooperation and networking to ensure there is sensible
cover of species and that no gaps are left. It seems essential that continent-wide networks (eg the

CPC) are established to set priorities and apportion work, otherwise botanic gardens will continue to

work in isolation and overlaps and gaps will be inevitable.
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In conclusion we need to ask first, if botanic gardens have a genuine role to play in today's
world and, second, if the live plant collections help them to fulfil this role. The answer to the first

question is that botanic gardens certainly do have a genuine and important role to play. On the

evidence presented in this thesis the value of the research, education, conservation and recreation
offered by botanic gardens is, I believe substantial and beyond question and so also is the supporting
value of their live plant collections. However, the reality is that in many cases, possibly in the

majority of cases, the live plant collections are not playing as useful a role as they could. While many

of the case studies have presented examples of positive contributions that live plant collections can
make to botanic garden activities, these are, sadly, often rather isolated and unrepresentative

occurrences. They do show, though, that there are some gardens which are being constructive and

imaginative. All too often, however, live plant collections are no more than a seemingly random

aggregation of plants that have had little thought given to their composition.
It seems to me that most botanic gardens need to reconsider their fundamental role. While we

have seen that botanic gardens are extremely varied, their prime function is surely to facilitate the

further understanding of the diversity and function of plants and to explain their value to humanity.
Q,

Once this is accepted than all else, such as research, conservation and education projects flows from
it. And once these have been established then the nature and composition of live plant collections can
be determined. Only in this way can the live plant collections be a meaningful and useful resource;

all too often it seems that the collections are built up first and then a justification for their existence is

sought afterwards. A useful way of 'looking' at the garden's composition of plants is to ask the

question: If I were composing the live plant collections of this garden now, given the whole

institutions current policies, would they look like this? In most cases the answer would probably be in
the negative. If this is the case, then managers must be bold enough to make the necessary changes.
The case studies have shown that there are good examples of the way forward and more of these

ideas should be adopted. However, if botanic gardens are to bring their live plant collections up-to-
date with modem needs, then a fundamental change in the concept and administration of botanic

gardens is also needed. If botanic gardens as institutions are really needed by society then they need

to change their image, change their name and amalgamate into a single botanical institution,

represented in many different countries, but, as a whole, safeguarding, promoting and enhancing the

world flora in a single worldwide enterprise. Such an enterprise might well be attached to, or based

within, bodies such as UNEP, UNESCO or IUCN.

While financial matters have largely been omitted from the discussions it is worth noting that

many botanic garden activities could not be sustained without government support. While individual
events such as education courses or exhibitions can frequently cover their operating costs by charging
fees the true costs ofmost activities, particularly research and garden maintenance could not be met,
in most cases, without substantial govermnent support. The case for large-scale government support

is not just a scientific priority but is essential if the major botanic gardens are going to be able to

survive. Many university botanic gardens have already had to close due to lack of funds. If the major

gardens are to survive and contribute to society then some degree of subsidy on almost all functions
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is required. While some gardens such as Longwood are supported by large private endowments and

many other charge an entrance fee the reality is most activities,especially on the research side, cannot
be regarded as near-market research and cannot therefore hope to attract private funding.

Finally, two positive factors have been consolidated in the author's mind during the

preparation of this thesis. First, that botanic gardens and their staff contain a unique mix of skills
and resources that, combined, have the capability ofmaking very significant contributions to today's

world and, second, that live plant collections cannot be studied in isolation from the policies of the
whole garden. While the latter has made the study rather overlong it demonstrates very well that live

plant collections either are, or should be, truly integrated within the whole garden and that they

complement other resources. The paragraphs above have given a long term vision of botanic gardens.

However, in the short term, to achieve the goal where live plant collections genuinely contribute to

the overall objectives of botanic gardens, two major concepts for now and the future must be: greater
collaboration between botanic gardens to rationalise collections and share expertise and resources,

and better communication within botanic gardens so that collections are grown in the way needed.

tjnitedjhe world':
botanic gardens
'andarboreta are
kagreat force for
conservation:
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APPENDICES

Appendix 1. Garden numbers, questionnaire language, questionnaire despatch date and

response rates. (Page 499).
The tables list countries to whom questionnaires were sent by continent; they also give the

number of botanic gardens in the country, the language the questionnaires were sent in, the date they

were sent, the date the reminders were sent, where necessary, and the response rates.

Appendix II. First draft questionnaire. (Page 502).

Appendix III. Questionnaire piloting. (Page 508).

Twenty respondents were invited to complete the first questionnaire (Appendix II); the time

they took to answer each question was recorded in seconds and the results are shown in the table

along with the average time taken to answer each question (rounded to the nearest whole second).

Additionally, respondents were asked to comment on layout and any ambiguously worded questions
or instructions.

Appendix IV. Final questionnaire format. (Page509).
The final questionnaire layout along with the opening letter and information sheet is

presented in this appendix.

Appendix V. World summary of results from all responding botanic gardens. (Page 523a).
This appendix shows the total world results of the questionnaire. Results, in actual numbers

and percentages, have been inserted into the questionnaire format.

Appendix VI. Country codes. (Page 537).

The numbers and countries given in this appendix show the numbering system allocated to

botanic gardens for the questionnaire. The last three digits were reserved for individual botanic

gardens within the countries concerned, arranged alphabetically by city or town.

Appendix VII. Complete summary of questionnaire results by continent, and showing the

world total. (Page 540).
The tables in this appendix bring together all the totals, arranged by continent. The tables

should be read in conjunction with either Appendix Iv or V.

Appendix VIII. Names and positions of staff interviewed during the study tours, arranged by
institution. (Page 567).

Appendix IX. Statistics. (Page 571).
The calculations in this appendix relate to chi-square tests cited in the early parts of Chapter

3.6 and concern response rates to the questionnaire. The numbers printed in roman numerals

correspond with the same numbering system used in the text of Ch3.6.
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APPENDIX I. GARDENS NUMBERS, QUESTIONNAIRE LANGUAGE, QUESTIONNAIRE
DESPATCH DATE AND RESPONSE RATES

COUNTRY LANGUAGE DATE SENT DATE REM¬ NUMBER OF RESPONSE RATE

INDER SENT GARDENS NOS %

AFRICA

Algeria French 15:10:90 06:02:91 3 0 0.0%

Angola Spanish 29:08:90 25:03:91 1 0 0.0%

Azore Is Portugese 29:08:90 23:03:91 3 2 66 .7%

Benin French 30:10:90 06:02:91 1 0 0.0%

Cameroon French 20:07:90 06:02:91 2 1 50.0%

Canary Is Spanish 30:01:90 23 : 03 : 91 1 1 100.0%

Egypt English 20:07:90 26:11:90 5 2 40.0%

Gabon French 30:10:90 06:02:91 1 0 0 . 0%
Ghana English 20:07:90 20:01:91 3 3 100.0%

Ivory CoastFrench 20:07:90 06:02:91 1 0 0.0%

Kenya English 20:07:90 26:11:90 5 1 20.0%

Libya French 30:10:90 06:02:91 1 0 0.0%

Madagascar French 30:10:90 06:02:91 1 0 0.0%

Madiera Is Portugese 19 : 08 :90 23 :03 :91 2 0 0.0%

Malawi English 20 : 07:90 Not req. 1 1 100.0%

Mauritius English 20:07:90 26:11:90 2 1 50 . 0%

Morocco French 30:10:90 06:02:91 2 1 50.0%

Mozambique Portugese 29:08:90 06:02:91 2 1 50.0%

Nigeria English 20:07:90 26:11:90 4 1 25.0%

Reunion Is French 30:10:90 06:02:91 2 0 0 . 0%

Rwanda French 20:07:90 Not req. 1 1 100.0%

St Helena English 20:07:90 26:11:90 1 0 0 . 0%

Senegal French 15 :10 :90 06:02:91 3 2 66.7%

Seychelle Is English 20:07:90 26:11:90. 1 1 100.0%

Sierra Lione English 20:07:90 26:11:90 1 1 100.0%

South Africpa English 20:07:90 26:11:90 16 8 50 . 0%

Sudan English 2 0 : 0 7_: 9 0 26:11:90 1 0 0.0%

Tanzania English 20:07:90 20:01:91 2 2 100.0%

Togo French 30:10:90 06:02:91 1 1 100.0%

Tunisia French '2 0:07 :9 0 06:02:91 1 1 100.0%

Uganda English 20:07:90 26:11:90 2 2 100.0%

Zaire French 30:10:90 06:02:91 2 1 50 . 0%

Zimbabwe English 20 : 07:90 26:11:90 4 3 75.0%

TOTAL 79 38 48.1%

AMERICA, NORTH
Canada English 11:07:90 24:11:90 19 14 73.7%

Mexico Spanish 03:12:90 23 :03:91 31 12 38.7%

USA English 1-8:07:90 24:11:90 253 133 52. 6%
TOTAL 303 159 52.5%
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COUNTRY LANGUAGE DATE SENT DATE REM¬ NUMBER OF RESPONSE RATE

INDER SENT GARDENS NOS 'o

!

AMERICA, SOUTH

Argentina Spanish 03 :12:90 23 :'03 :91 9 1 n. i%

Barbados English 12:08:90 01:12:91 2 1 50 . 0%

Belize English 12:08:90 01:12:91 1 1 100.0%

Bermuda English 12:08:90 Not req. 1 ■ 1 100.0%

Bolivia Spanish 03 :12:90 23 :03 :91 2 1 50.0%

Brazil Portugese 29:08:90 25:03:91 11 5 45.5%

Chile Spanish 03:12:90 23 :03:91 7 3 42.9%

Colombia Spanish 04:12:90 23:03 : 91 13 6 46.2%

Costa Rica Spanish 03:12:9 0 23:03:91 2 1 50. 0%

Cuba Spanish 07:12:90 23:03:91 5 1 20.0%

Dominica C English 07:12:90 Not req. 1 1 100.0%

Dominica R Spanish 07:12:90 23:03:91 1 1 100.0%

Ecuador Spanish 03:12:90 23:03 : 91 1 1 100.0%

El Salvad. Spanish 04:12:90 Not req. 1 1 100.0%

French Gu. French 12:12:90 23:03:91 2 0 0.0%

Grenada Spanish 07:12:90 Not req. 1 1 100.0%

Guadeloupe Spanish 12:12:90 23:03:91 2 1 50.0%

Guyana Spanish 12:12:90 23:03:91 2 0 0.0%

BHonduras Spanish 05:12 : 90 23 : 03 :91 2 2 100.0%

|Jamaica English 12:08:90 20:01:91 4 0 0. 0%

1Martinique French 12:12:90 23:03:91 3 0 0.0%

| Panama Spanish 07:12:90 23:03:91 1 0 0.0%

1 Paraguay Spanish 04:12:90 23:03:91 1 0 0.0%

iperu Spanish 03:12:9 0 23:03 :91 4 0 0.0%

Ipuerto Ri. Spanish 12:12:90 23:03:91 4 0 0.0%

1st Vincent English 12:08:90 20:01:91 1 0 0.0%

Surinam Spanish 04:12:90 23:03 :91 1 0 0.0%

Trinidad English 12:08:90 20:01:91 1 1 100.0%

Uruguay Spanish 04:12:90 23 : 03 :91 1 0 0.0%

Venezuela Spanish 03:12:90 23:03 :91 7 1 14.3%

Virgin Is English 12:08:90 20:01:91 2 2 100.0%

TOTAL 96 33 34 .4%

ASIA

Burma English 11:07:90 02:01:91 2 0 0 . 0%

China Chinese 14:06:90 21 : 02 :91 58 31 53 .4%

jHong Kong English 11 : 07 : 90 Not req. 4 4 100.0%

9 India English 12:07:90 02 : 01:91 69 19 27 .5%

1 Iran English 11:07:90 02 : 01:91 3 0 0 . 0%

I Iraq English 11:07:90 02 : 01:91 1 0 0.0%

IIsrael English 11:07:90 02 : 01 :91 8 4 50 . 0%

|Japan English 12:07:90 25:01:91 43 21 48.8%

jKorea, N. English 12:07:90 Not req. 1 0 0.0%

jKorea, S. English 12:07:90 02 : 01: 91 5 3 60.0%

Mongolia Chinese 12:07:90 21:02:91 1 0 0.0%

Nepal English 12:07:90 02:01:91 1 0 0.0%

Pakistan English 12:07:90 02:01:91 5 2 40.0%

Saudi Ara. English 12:07:90 02:01:91 1 0 0.0%

Sri Lanka English 12:07:90 02:01:91 3 0 0.0%

Tailand English 12:07:90 25:01:01 4 1 25.0%

Taiwan English 12:07:90 02:01:91 2 1 50.0%
——— continued overleaf=^
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ij=Asia continued from above-

COUNTRY LANGUAGE DATE SENT DATE REM¬ NUMBER OF RESPONSE RATE

INDER SENT GARDENS NOS

Turkey- English 12:07:90 25:01:91 6 3 50. 0%
USSR Russian 30:09:90 20:03:91 162 84 51. 9%
Vietnam French 17:11:90 06:02:91 2 0 0.0%

Bangladesh English 12:08:90 25:01:91 2 1 50. 0%

TOTAL 383 174 45.4%

AUSTRALASIA

Australia English 20:07:90 01:12:91 57 35 61.4%

Indonesia English 22:07:90 24 :11:91 4 3 75 . 0%

Java English 22:07:90 24:11:91 1 0 0 . 0%

Malaysia English 22:07:90 24:11:91 8 5 62 .5%

New Zland. English 22:07:90 01:12:91 16 11 68.8%

Norfolk Is English 22:07:90 24:11:91 1 1 100.0%

Papua NG English 22:07:90 01:12:91 4 2 50 . 0%

Philippin. English 22:07:90 01:12:91 7 5 71.4%
Samoa English 22:07:90 Not req. 1 1 100.0%

Singapore English 22 :07 :90 Not req. 1 1 100.0%

Solomon Is English 22:07:90 Not req. 1 1 100.0%

TOTAL 101 65 64 .4%

EUROPE

Austria German 18:10:90 25:03:91 10 7 70.0%

Belgium French 05:11:90 23:03:91 15 11 73.3%

Bulgaria English 26:07 :90 25:01:91 9 4 44 . 4%

Czechoslo. English 26:07:90 16:01:91 32 11 34 . 4%

Denmark English 26:07:90 03:03:91 8 4 50. 0%

Eire English 26:07:90 03:03:91 7 4 57.1%
Finland English 03 : 0879 0 03;03:91 8 6 75.0%
France French 05:11:90 08:03:91 63 39 61. 9%

|Germany, W German 18:10:90 25:03:91 56 44 78 . 6%

|Germany, E German 18:10:90 25:03:91 16 13 81.3%

•Greece English 03:08:90 03:03:91 4 0 0.0%

|Hungary English 03 :08:90 03:03:91 17 11 64.7%
Iceland English 03:08:90 Not req. 2 2 100.0%

Italy English 28:07:90 03:03:91 48 27 56.3%
Monaco French 17:11:90 Not req. 2 2 100.0%

Netherlan. English 04:08:90 04:03:91 40 24 60. 0%

Norway English 28:07:90 Not req. 6 6 100.0%

Poland English 08:08:90 08:03:91 23 14 60. 9%

Portugal Portugese 29:08:90 25:03:91 7 3 42. 9%

Romania English 11:08:90 08: 03 ;91 10 6 60. 0%

Spain Spanish 03:12:90 23 : 03;91 8 5 62.5%
Sweden English 04:08:90 08:03:91 9 5 55. 6%

Switzerl. Fr.& Ger. 18:10:90 23:03:91 19 15 78 . 9%

UK English 11:08:90 25:03:91 48 33 68 . 8%

Yugoslavia English 12:08:90 08:03:91 27 10 37. 0%

Albania English 16:12:90 25:03:91 1 1 100.0%
TOTAL 495 307 62 .0%
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APPENDIX II. FIRST DRAFT QUESTIONNAIRE

PART 1. USE MADE OF EX SITU COLLECTIONS OF LIVE PLANTS BY TAXONOMTSTS.

TO BE ANSWERED, PLEASE, BY DIRECTOR OF TAXONOMIC RESEARCH.
If no taxonomic research is carried out please move to Part 2

1 Are the living collections in your institution used as
an aid for taxonomic research ? Please tick appropriate box.

r T~ 1 X 1

I Yes |
l L

No

If "yes" to what extent ? Please tick appropriate box.
i r

|A lot|
I L J

I 1 1

|Moderate|
I i i

I T

|A little|
I L

3 How essential are live, ex situ collections of plants
to taxonomic research ?

I 1 1
Essential

Moderately important

Unimportant

Please tick one box

L

4 How do you rate the importance of live plants, as held
in botanic garden collections, for taxonomic research
compared to other resources ?

Please score 1 for most

important, 2 for next,
then 3 (and 4, if using
"other", for least
important).

I 1 I

|Live plants I

Herbarium material

Library

Other

If "Other" please state

5 As a taxonomist how do you rate the importance and validity of
ex situ live plant study compared to in situ study?

I r

Totally valid

Reasonably valid

Not valid

Not valid, but used |
as there is little

alternative j
I i

Please tick one box.

5 (cont) Please expand, if you have time, to give examples of where
ex situ plant study is and is not valid or useful in taxonomic
research
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6 Of all the live plants cultivated in your botanic garden, can you

give a very rough estimate of the proportion used actively in
taxonomic research ? By actively I mean the botanist visiting the
plant at least 6 times a year to check development, size, flowering
etc. Please tick one box.

I 1 1 I 1 1 I 1 1 l 1 1 l 1 1 l 1 1

| >80%| | |60-79%| | |40-59%| J 120-39%| | |10-19%| | |<10%| |
I I I I I I I I I I I I I I I I i i

7 What sort of influence do taxonomic staff in your
institution have over the acquisition and management
policy of ex situ live plant collections ?
Please tick appropriate boxes.

Fully responsible

Slight influence

No influence

Only with self
collected plants

Acquisition Management

8 In your opinion do you feel that taxonomic research staff make
sufficient use of the resource of the living plant collections, 1. in
your botanic garden ?

2. in botanic gardens in general ?

l.Your botanic garden

|2.In botanic gardens in general

Yes No

Please tick

appropriate boxes.

Please expand if you have time.

PART 2. MANAGEMENT AND USE OF LIVE PLANT COLLECTIONS IN BOTANIC

GARDENS.

TO BE ANSWERED, PLEASE, BY CURATOR OR MANAGER OF LIVE PLANT
COLLECTIONS.

9 Do you supply plant material to universities, colleges and
schools for practical classes (including in house courses)?

I 1 1 I 1 1

|Yes | | |No | | Please tick one box.
I I I I 1 I
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10 If "yes" to Q9, does this influence the range of species or
number of plants you grow ?

I I I I I I

|Yes| | |No | | Please tick one box.
I I I I I I

11 Do you have a plant collections* policy ?
I I I I I I

|Yes | | |No | | Please tick one box.
I I I I I I

If "yes" since when ?

* A plant collections policy is a document explaining why plants are
held in a specific garden. Some policies include a system of rating
plants according to their research, educational or aesthetic value as
an aide to deciding whether they should be held or not.

12 If "yes"to Qll, approximately how closely do you adhere to it ?
Please tick one box.

I 1 1 I I 1 I 1 1 I 1 1

|75-100%[ | |50-74%| | |25-49%| | | 0-24%| |
I l I I _l _l I I J I I I

13 Who is responsible for live plant acquisition policy ?

1 I I

Garden staff

Scientific staff

Combination of

above two

Other I
I I

Please tick appropriate
box.

If "other", please specify

14 Within the live plant collections held by your garden
what sort of emphasis do you try to put into the
following ? Please tick appropriate boxes.

1 I

Degree of emphasis
1 1

Great I Moderate I Little

Native endangered plants

Exotic endangered plants

Genetic diversity

Wild origin plants

Plant cultivars
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Plants suitable for

local gardeners

Economic food plants- of
potential current or
future use

|Medicinal plants- of |
|potential current or | j
|future use | | j j
I 1 l I I

15 In what sorts of way do you display plants in your garden, and
which are the most prevalent? In the table below please put a tick
beside any of the display methods you use and put 1,2 and 3 beside the
3 most important in your garden.

Ecological/habitat
associations

Colourful displays

Demonstrations of botanical

processes eg pollination

Plants by use eg herbs,
fibres or foods

Plants from a country
or region

Species of a genus in close
proximity for comparison

|By artistic design
I I I I

Please list other important ways in which plants are

displayed in your garden

16 Do you have a written policy on the cultivation of rare,
threatened or endangered plants ?

I I 1 I 1 1

|Yes | | |No | | Please tick one box.
I i i I I I

17 If you cultivate rare, threatened or endangered plants,
for what purposes do you hold them ?

I I I
For eventual re-introduction

To provide protective custody

To use in research

To use for public education
L

Please tick

appropriate
box(es).
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If you grow these plants for any other reasons, please
list them

18 Is your garden involved in any of the following conservation-
linked activities? Please tick appropriate boxes.

Do you contribute seeds from expeditions
to seed banks ?

Yes No

Do you distribute surplus seed from
expeditions to other botanic gardens ?

Do you propagate and disseminate material
from rare or threatened plants you hold ?

Has your garden ever grown plants
specifically for re-introduction programmes ?

19 Please answer this question only if there is an entrance fee to
your garden. To what extent do you have to make the garden
attractive in order to keep visitor numbers high thereby bringing in
money to finance the botanic garden ?
Please tick one box.

I I I I I I I I I

|Greatly| | |Moderately[ | [Little| J
I I I I I I I I I

20 As the manager of the plant collections, could I test your
attitude to the following statements as they relate to your botanic
garden. Please enter a number in the dooxes as follows: Strongly agree
1

Agree 2
Neutral 3

Disagree 4
Strongly disagree 5

For instance, if you agree with the 3rd statement put 2 in
the box at the end.

I I
Not enough use is made of the plant collections |
by in house taxonomic staff. j

It is right for the garden to grow mostly plants
that support research.

Taxonomic staff don't care about the plants in
the garden.

Not enough horticultural research takes place
in this garden.

Too much money is allocated to catering for
education, to the detriment of plant cultivation.
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Colourful bedding schemes and artistic designs are
irrelevant in this garden.

Traditional displays such as rock gardens and
mixed borders have no place in this garden.

|Plants in this garden should be displayed in j
|features such as habitat reconstructions/ J
|associations, displays of botanical functions | j
|or groupings of similar species together for | j
|comparison etc i
I I I

If you have any general comments about the display or purpose of live
plants in botanic gardens, please add them
here

THANK YOU FOR YOUR HELP

PART 2. USE QE LIVE PLANT COLLECTIONS FOR PUBLIC
EDUCATION.

TO BE COMPLETED, PLEASE, BY A STAFF MEMBER RESPONSIBLE
FOR PUBLIC EDUCATION.

21 In what ways and to what extent do you use the live
plant collections for formal public education.

I I I
Garden tours to view

attractive displays —

Garden tours to view

specific plant types eg

natives,aquatics,dyes.

Plant material in

lectures and demonstrations

To complement static
displays

I

Please enter

2 if used

greatly, 1 if
used occasionally
and 0 if not

used at all.

In what other ways are the live plant collections in your

garden/institution used for public education ?
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22 Are you or your staff involved in plant acquisition policy or

layouts/designs within the garden ? Please tick
appropriate boxes. | 1 ~]

Yes, strongly

Acquisition Designs

Yes, Moderately

Yes, slightly

| No |
I I I I

23 Are any areas of the garden laid out with public
education as the primary purpose ?

I 1 1 I r 1

|Yes| | |No | | Please tick appropriate box
I I I I I I

24 If "yes"to Q22 please estimate very approximately the
percentage of the whole garden. Please tick the appropriate
box.

I 1 1 I 1 1 I 1 1 I 1 1 I 1 1

|>80%| | | 60-79%| | )40-59%| | |20-39%| | |<20%|
I I I I I I I 1 I I I I I i i

25 If you have time, please could you list the ways in which the
plants in your or other botanic gardens could be more fully used for
public education.

THANK YOU FOR YOUR HELP

PLEASE RETURN THIS QUESTIONNAIRE TO:

DAVID RAE, ROYAL BOTANIC GARDEN EDINBURGH, SCOTLAND. EH3 5LR.
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APPENDIX III. QUESTIONNAIRE PILOTING

QUESTIONNAIRE PILOTING -TIMING AND FORMAT PREFERENCE

Question Number Respondent Number

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 AV

1 3 10 6 5 15 6 13 9 7 14 10 7 15 12 12 8 6 10 12 8 9

2 10 12 8 8 8 6 10 8 7 10 12 10 14 9 10 9 8 10 12 8 9

3 36 37 25 15 24 20 22 20 20 26 30 28 25 25 32 28 23 40 38 27 27

4 30 9 25 10 13 21 25 20 22 30 32 26 28 20 27 24 28 32 30 24 24

5 30 24 38 20 21 16 31 21 20 20 25 20 25 18 25 25 23 27 25 20 24

6 20 25 15 24 34 22 29 25 25 35 25 32 36 24 30 26 30 32 34 25 27

7 15 10 17 12 16 22 24 20 20 26 25 27 22 20 24 27 27 25 24 23 21

8 20 10 13 10 17 16 22 18 20 24 18 23 25 20 23 26 24 28 25 25 20

9 5 5 8 10 7 5 5 7 12 8 8 10 11 7 12 12 12 10 7 5 8

10 5 8 7 8 10 10 8 5 9 10 8 11 13 8 10 7 12 9 12 8 9

11 7 10 14 10 8 10 8 12 8 10 12 12 9 10 14 10 10 9 15 10 10

12 14 18 20 12 16 22 15 19 12 20 17 17 15 21 15 18 22 20 17 15 17

13 15 10 32 15 10 16 15 8 12 18 14 15 10 16 12 15 15 22 17 12 14

14 45 54 37 28 49 38 33 28 48 45 38 46 39 47 27 46 45 50 45 37 41

15 27 33 40 26 25 28 37 28 25 25 28 33 27 30 38 35 35 40 27 22 30

16 5 5 6 10 8 7 7 5 5 8 10 8 12 10 8 8 10 10 13 8 8

17 18 10 26 16 15 22 18 24 15 20 28 15 22 25 15 27 25 18 28 15 20

18 8 6 18 12 12 14 15 15 10 25 16 13 15 18 22 20 14 18 24 20 16

19 12 9 15 14 15 10 8 8 22 18 20 16 14 17 20 22 13 24 16 10 15

20 65 74 83 99 65 57 64 70 55 85 99 63 75 85 70 67 84 99 99 62 76

21 13 12 31 16 25 18 24 26 25 35 20 25 37 18 26 22 25 27 30 20 24

22 12 15 35 14 15 17 14 20 15 15 12 18 22 18 13 15 18 20 20 15 17

23 10 13 30 17 13 10 12 15 15 14 18 18 15 10 16 20 16 12 22 13 15

24 27 28 20 30 25 27 27 36 26 18 28 33 27 25 25 36 28 32 25 25 27

25
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From the results it can be seen that questions 14,15, 20 and 24
took more than, or close to, 30 seconds to answer. Where possible
attempts were made to shorten these or present them more clearly
(this was not always possible though). Additionally, it was stated
that questions 3, 6 and 23 were ambiguously worded. Again, attempts
were made to improve the wording of the questions if possible. The
covering letter was thought to be unclear and lacking enthusiasm
and this was totally altered.

FORM LAYOUT PREFERENCE

The numbers below refer to different layout styles as explained in
Chapter 3.3. After completing the timed pilot above each respondent
was asked his/her preferred layout style; the numbers refer to the
following layouts:

1 white paper, double sided, normal size type

2 coloured paper for each part, double sided, normal size type

3 white paper, single sided, normal size type

4 white paper, double sided, reduced size type

3 respondents preferred style 1
6 respondents preferred style 2
10 respondents preferred style 3-
2 respondents preferred style 4

The final version of the questionnaire was presented like style 2:
in the pilot strongly coloured paper was used and many of the
respondents stated that if softer colours were used then style 2
would be the best.
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APPENDIX IV. FINAL QUESTIONNAIRE FORMAT

,pWN'Cc_

. ROYAL BOTANIC GARDEN EDINBURGH EH3 5LR

Date

Dear

I write to seek your kind help in undertaking a detailed study of the
current and future uses of live plant collections in Botanic Gardens.
The data collected from this study will be used as part of a doctoral
thesis.

The research concerns how live plants have been, and will be, used to
fulfil Botanic Garden activities and policies; a full description is
given overleaf.

The enclosed questionnaire is in 4 parts. Part 1, on white paper,
deals with background garden information and could be completed by any
senior member of staff. The blue sheet (Part 2) asks questions about
research activities and should be completed, please, by the head of
research. The next section (Part 3) consists of two green sheets and
requests information about garden policy; please could the Curator or

manager of the live plant collections fill these out. The last section
(Part 4) is on a yellow sheet and relates to public education. Please
could the head of public education fill out that sheet.

I enclose 3 addressed envelopes so that Parts 2, 3 and 4 can be
returned to me independantly. Please could you enclose Part 1 with
Part 2.

The answers will be treated with total confidentiality, no garden will
be named individually as a result of information given in the
questionnaire.

The thesis will be completed by 1995 and will be available for loan
through the normal inter-library loan system of the University of
Edinburgh.

Please return the completed questionnaire to me , at the above
address, by

Thank you very much for your help,
Yours sincerely,

David Rae
Senior Scientific Officer.

Telephone 031-552 7171
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THE ROLE OF LIVING COLLECTIONS WITHIN BOTANIC GARDENS

Internationally the roles of Botanic Gardens vary widely but the one

linking factor is the study of plants, either in situ in "the wild",
ex situ, cultivated within the garden, or by dried herbarium material

The roles that living plants have played within Botanic Gardens have
varied greatly also, both historically and geographically. Typically,
at least in Europe where the oldest Botanic gardens are situated, the:
started as Physic Gardens connected to Schools of Medicine.
Distribution of economic crops to the colonies, taxonomic research anc
horticultural display are just a few of the other roles they have
variously played. More recently some gardens have been associated witl
the evaluation of garden plants while others have played a
conservation role.

That most Botanic Gardens grow plants is obvious: that to maintain
these collections requires the highest horticultural skills and
involves considerable costs is also reasonably obvious, but what is
less obvious is why many of the plants held are actually grown. While
some Gardens have documents detailing their collections policy many

don't, or if they do don't adhere to it, consequently many plants
languish as quirks of management or long forgotten projects.

In the past many Botanic Gardens have been slow to develop, perhaps
lacking a clearly defined role; this attitude is changing in many
establishments and is being/will be reflected in the living
collections. This proposed major study, which will form the basis of £
PhD from the University of Edinburgh, will chart how the role of the
living collections have changed with time according to the needs of
that time. The need for living collections to support taxonomic and
pharmaceutical research , conservation, public education,
horticultural training and research and public display are all aspects-
that will be researched.

While much of the material will be of an historic nature the thesis
will not conclude at the present time but intends to show that there
are still, and will continue to be, valid reasons to cultivate plants
in Botanic Gardens, even if those reasons are different from the ones

envisaged at the Garden's inception. Drawing from the surveys,
questionnaires and interviews I hope to argue through a case that
living plants are an enormous, under - valued asset. However, to gain
maximum benefit from the asset requires considerable inputs of thought
and a multi - functional approach: planting schemes should incorporate-
the highest degree of design to fulfil many criteria eg conservation,
taxonomic, public education and visual value.

The following questionnaire forms part of the study and the time you
devote to it will be greatly appreciated.

THANK YOU VERY MUCH FOR YOUR HELP AND CO-OPERATION
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PART 1. GARDEN INFORMATION [Ref Code ]

THIS PART CONCERNS FACTUAL BACKGROUND INFORMATION ABOUT YOUR GARDEN.
TO BE FILLED IN BY ANY SENIOR MEMBER OF STAFF.

PLEASE ANSWER ALL THE QUESTIONS IN THIS PART BY PUTTING TICKS IN
BOXES, AS BELOW. .

Sample question. Do you grow flowers in
your garden ?
(If you do, then put a tick ( ) opposite
"Yes", as has been done in this sample)

Yes V"

No

1 When was your garden (meaning
the whole Institution) founded?

Please tick one response.

2 How large is your garden,
in hectares, please ?

Please tick one response.

(1 hectare = 2.47 acres)

3 How is the garden (again,
meaning the whole institution)
funded ? Please name only the
single most important source.

Please tick one response.

* If "Other", please specify..

office

Before 1600

1601 - 1700

1701 - 1800

1801 - 1900

1901 - 1930

1931 - 1960

1961 - 1990

< 1

1 - 2.9

3 - 5.9

6 - 9.9

10 - 19.9

20 - 49.9

> 50

Government

Town Council

University

Museum

Endowment

Public support

Other *
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4 What are the three most

important stated policies
of your garden/institution ?

Please put ticks in 3 boxes

* If "Other research", please
specify

* If "Other policies", please
specify

Taxonomic research

Public education

Horticultural training

Provision of quality
urban greenspace

Supply of plant material
for teaching/research

Horticultural trials

Conservation of native
and/or exotic plants

Management of natural
park

Other research *

Other policies *

1

2

3

4

5

6

7

8

9

10

5 Does your garden manage or own
outstations or satellite gardens ?

Please tick one response

6 Is your garden an outstation
or satellite of another garden/
institution ? Please tick one response

Yes

No

Yes

No

7 Very approximately what
percentage of your whole
budget is spent on live plant
collections (the Garden),
research and public education ?

These 3 items are abbreviated
at the tops of the 3 columns,
as follows:
Live plant collections- Gard.
Research - Res
Public education - Pub Ed

Gard Res Pub Ed

0-20%

21-40%

41-60%

61-80%

81-100%

Please tick one response in each column down.

THANK YOU VERY MUCH. NOW PLEASE PASS THIS SHEET AND THE BLUE SHEET 0
TO THE DIRECTOR OF TAXONOMIC RESEARCH, OR ANOTHER SENIOR TAXONOMIST.
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PART 2. RESEARCH INFORMATION [RER CODE ]

THIS PART CONCERNS THE USE MADE OF EX SITU COLLECTIONS OF LIVE PLANTS
BY TAXONOMISTS. TO BE FILLED IN, PLEASE, BY A SENIOR TAXONOMIST.

PLEASE ANSWER ALL QUESTIONS IN THIS PART BY PUTTING TICKS IN BOXES, AS
IN THE SAMPLE BELOW. I

Sample question. Do you grow flowers in
your garden ? (If you do then put a tick in the
box opposite "Yes". In the example to the
right it shows that you do)

Yes V

No

8 Is taxonomic or related research
carried out at your garden or institution ?

Please tick one response.

9 Are the living plant collections at
your garden used as an aid for taxonomic
research ?
Please tick one response.

10 If "Yes" to Question 9, then to
what extent are they used ?

Please tick one response.

11 How essential are live, ex situ
plants, as held in botanic garden
collections, to taxonomic research ?

Please tick one response.

12 How do you rate the
importance of live, ex-situ
plants, as held in botanic
garden collections, for
taxonomic research, compared
to other resources ?

Please put only one tick
in each column down.

Line 4 and column 4 may not
be necessary.

Yes

No

Yes

No

office
use only

1

1

2

Used greatly 1

Used moderately 2

Used infrequently 3

Essential 1

Helpful 2

Unimportant 3

Impc
1st

)rtan<
2nd

;e ra1
3rd

ting
4th

Live plants

Herbarium
material

Library

Other *

1111

2 2 2 2

3 3 3 3

4 4 4 4

* If "Other", please specify.
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13 As a taxonomist how do you

rate the scientific validity of
ex situ live plant study
compared to in situ study ?

Please tick one response.

Totally valid

Reasonably valid

Not valid

Not valid, but used
as there is often
little alternative

1

2

3

4

14 Of all the live plants cultivated
in your botanic garden, can you give a
very rough estimate of the percentage
used antivelv in taxonomic research.

By actively I mean the botanist visiting
the plant about 6 times a year to check
development, size, flowering etc

Please tick one response.

>80%

60-79%

40-59%

20-39%

10-19%

<10%

1

2

3

4

5

6

15 What sort of influence
do taxonomic staff in your
institution have over the
acquisition and management
policy of the live plant
collections in your garden '

Please tick one response
in each column.

Management

Acquisition

Complete influence

Moderate influence

No influence

Influence only with
self-collected plants

16 In your opinion do you
think that taxonomic research
staff make sufficient use of
the resource of the living
plant collections in your,
and other,gardens ?

Please tick one response
in each line.

Yes No

In your botanic
garden

In botanic gardens
in general

1 2

1 2

If you have time please add any comments you have about the ways live
plants are, or could be, better used to support taxonomic research in
botanic gardens

THANK YOU VERY MUCH FOR YOUR HELP. NOW, PLEASE MAIL PART 1 AND PART 2
BACK TO ME IN THE ENCLOSED ENVELOPE. PLEASE PASS THE REMAINING 2
PARTS ON TO MANAGER OF LIVE PLANTS.
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PART 3. GARDEN AND LIVE PLANT INFORMATION [ REF CODE

THIS PART CONCERNS THE MANAGEMENT OF EX SITU COLLECTIONS OF LIVE
PLANTS. TO BE FILLED IN, PLEASE, BY THE CURATOR OR MANAGER OF THE
LIVE PLANT COLLECTIONS.

PLEASE ANSWER ALL QUESTIONS IN THIS PART BY TICKING BOXES, AS IN THE
SAMPLE BELOW. ,

j Sample question. Do you grow flowers in
| your garden ? (if you do put a tick ( ) in the box
j opposite "Yes". In the example to the
! right it shows that you do).

Yes

No

17 Does your garden have a plant collections
policy ? (A plant collections policy may be
described as a document explaining why plants
are held at a specific garden. Some policies
include a system of rating piants according to
their research, educational or aesthetic value
as an aide to deciding whether they should be
held or not.

Yes

No

office
use only

1

If "Yes", since when (please enter which year)

18 If "Yes" to Question 17,
how strictly do you adhere to it ?

Please tick one response

Very loosely

Fairly loosely

Fairly strictly-

Very strictly

1

2

3

4

19 Does your garden supply plant material to
Universities, Colleges or schools for practical
classes (including in - house courses) ?

Please tick one response.

20 If "Yes" to Question 19, does this
influence the range of species or number
of plants you grow ?

Please tick one response.

Yes

No

Yes

No

1

2

1

21 Who is responsible for live
plant acquisition policy ?

Please tick one response.

If "Other", please specify below

Mostly garden staff 1

Mostly scientific staff 2

Combination of
above two

3

i

Other (please specify) 4
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22 Within the live plant collections held by your garden what sort
of emphasis do you try to give to the following ?
Please tick one response on each line.

Degree of Emphasis

Great Moderate Little

Native endangered plants

Exotic endangered plants

Genetic diversity

Wild origin plants

Plant cultivars

Plants suitable for local
gardens

Economic food plants- of
potential current or
future use

Medicinal plants- of
potential current or
future use

12 3

12 3

12 3

12 3

12 3

12 3

12 3

12 3

23 In what sorts of way do you display plants in your garden?
Please tick the 3 most important methods used.

Ecological/habitat associations 1

Colourful displays 2

Demonstrations of botanical

processes, eg pollination
3

Plants by use, eg herbs
fibres or foods

4

Plants by country/region of origin 5

Species of a genus in close
proximity for comparison

6

By artistic design 7

Other, please specify below 8

If "Other", please
specify
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24 Do you have a stated policy on
the cultivation of rare, threatened
or endangered plants ?

Please tick one response.

Yes

No

25 If you cultivate rare,
threatened or endangered plants
for what purposes do you hold
them ?

Please tick as many

responses as necessary.

If "Other", please specify

None cultivated

For eventual re-introduction 1

To provide protective custody 2

To use in research 3

To use for public education 4

Other reasons, please specify 5

26 Is your garden involved in any of the following conservation-
linked activities ? Please tick one response on each line.

Yes No

Do you contribute seeds from expeditions
to seed banks

Do you distribute surplus plants from
expeditions to other botanic gardens

Do you propagate and disseminate material
from rare or threatened plants you hold ?

Have you ever grown plants specifically
for re-introduction programmes ?

Do you undertake any other plant-based
conservation activities, please specify

1

1

1

1

1

If "Other", please specify

27 Is there an entrance fee to your garden?

Please tick one response.

Yes

No

1

2

28 Please answer this question only if
you answered "Yes" to the Question above.

To what extent does the necessity of income
from the entry fee influence your garden
designs. In other words, do you have to make
the garden ornamental at the expense of being scientific ?

Greatly

Moderately

Little

1

2

3
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29 As the manager or curator of the live plant collections, could
you please give me vour opinion of the following statements as they
relate to vour botanic garden
Please tick one response on each line under to the following numbered
categories: 1 Strongly agree

2 Agree
3 Neutral
4 Disagree
5 Strongly disagree

1 2 3 4 5

Not enough use is made of the live plant
collections by in house taxonomic staff

It is right for the garden to grow mostly
plants that support research

Taxonomic staff don't care about the
plants in the garden

Not enough horticultural research takes
place in this garden

Too much money is allocated to catering
for public Education, to the detriment
of the plant collections

Colourful bedding schemes and artistic
designs are irrelevant in this garden

Traditional displays such as rock gardens
and mixed borders have no place in this
garden

Plants in this garden should be displayed
in features such as habitat reconstruct¬

ions/associations, displays of botanical
functions or groupings of similar species
together for comparison etc.

If you have any comments about the ways live plants are used in
botanic gardens to support research or other activities, please add
them below.or append an extra sheet

THANK YOU VERY MUCH FOR YOUR HELP. NOW, PLEASE MAIL BACK THIS PART T
ME IN THE ENCLOSED ENVELOPE AND PASS PART 4 (THE YELLOW SHEET) TO THE
PERSON IN CHARGE OF PUBLIC EDUCATION.
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PART 4. PUBLIC EDUCATION INFORMATION [REF CODE ]

THIS PART CONCERNS THE USE MADE OF THE LIVING COLLECTIONS OF PLANTS
FOR PUBLIC EDUCATION PURPOSES AT YOUR GARDEN.
TO BE FILLED IN PLEASE BY THE HEAD OF PUBLIC EDUCATION.

PLEASE ANSWER ALL QUESTIONS IN THIS PART BY TICKING BOXES, AS IN THE
SAMPLE BELOW.

Sample question. Do you grow flowers in
your garden ? (If you do then put a tick in the
box opposite "Yes". In the example to the
right it shows that you do) .

Yes

No

30 In what ways and to what extent do you use the live plant
collections for formal public education. Please tick one response to
each question under the following numbered categories:

1 Not used at all
2 Used moderately official
3 Used greatly

1 2 3
use only

Garden tours to view attractive displays 1 3

Garden tours to view specific plant types
eg natives, aquatics or dyes

1 2 3

Plant material in lectures and demonstrations 1 2 3

Plant material to complement static
displays or information boards

1 2 3

Other ways, please specify below 1 2 3

If "Other", please specify

31 Are your staff involved in plant acquisition policy or
layouts/designs within the garden ?
Please tick one response to each question under the following
numbered categories:

1 Not at all involved
2 Moderately involved
3 Greatly involved

1 2 3

Plant acquisitions

Designs/layouts

12 3

12 3

32 Are any areas of your garden
laid out with public education
as the primary purpose

Please tick one response.

1
\ es

No

1

2
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Q uet i o p. iieaje

estimate very approximately the %
of the whole garden given over to
public education.

Please tick one response.

; >80% 1 1

60-79% 2 •')

40-59% 3 3

20-39% 4 4

<20% 5 5

34 How do you rate the
importance of the live
plant collections in your

garden as a useful aid to
your public education
programmes compared to
other resources ?

Please tick one

response in each column
down.

Line 5 and column 5 may
not be necessary.

Im]
1st

sort.

2nd
wee

3 rd
rat

4 th
m§"
5 th

Live plants

Static exhibits
of text/photos

Audio-visual

presentations

Guide books/
leaflets

Other,please
specify

If "Other" please specify

If you have time , please could you list the ways in which the plants
in your and other botanic gardens could be more fully used for public
education.

THANK YOU VERY MUCH FOR YOUR HELP. NOW PLEASE RETURN TO ME IN THE
ENCLOSED ENVELOPE.
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APPENDIX V. WORLD SUMMARY OF RESULTS FROM ALL RESPONDING BOTANIC
GARDENS

ADMINISTRATIVE INFORMATION

In the response ratings given below "0" response indicates that the
question or part of question was left blank. A "99" response indicates that
the reply was "spoilt", in other words the wrong type of response was

given; typically more than the requested number of responses were given.
I T 1 1

i.i Response rate jQuestionnaire Response |Nos | % \
1 1 1

Questionnaires sent 1457 100%

Questionnaires returned| 776|53.3%|
I I I

I I I I
i.ii Number of parts returned I Parts returned INos I %

|Gardens returning all
1

parts |
1
743

1

95.7%|
|

|Gardens returning only 3 parts| 19
1

2 .4% |
|

|Gardens returning only 2 parts| 8
1

1.0% |
1

|Gardens returning only 1 part |
i

6
1

0 . 8% |
I

PART 1. GARDEN INFORMATION

THIS PART CONCERNED FACTUAL BACKGROUND INFORMATION ABOUT YOUR GARDEN.

When was your Garden (meaning the whole Institution) founded?

Respondents were asked to tick one box only.
1

|Period Nos
1

9- j•"o |
1

1

|Period
I

Nos
1

% |

|Before 1600 10
1

1. 3% |
1

—

1
|1931 - 1960
I

196 25.3% j
j1601 - 1700 18

1
2 . 3% |

1

1

|1961 - 1990
]

251 32.3% j
117 01 - 1800 30

1
3 . 9% |

1

1
|"0"response
1

6 o 00 o\°

j1801 - 1900 152 19.6%|
1

1

|"99"respon.
I

3 0 .4% j
j1901 -
1

1930 110
1

14.2%|
i

1
|Total
i

776 100% j
i

How large is your Garden, in hectares, please?
Respondents were asked to tick one box only.
I

| Size
1

| Nos
1

1
s- \

I
| Size
I

Nos
I

%

1 < 1
1
| 58
I

1
7 .5% |

1

1
| 20 - 49.9
I

137 17.7%j
1 ~ 2.9

1
| 97
I

1
12.5%|

1

1
> 50

I

190 to cn o\°

1 3 ~ 5.9
1
| 109
I

1
14.0%|

|
| "0"response
I

8 1.0% j
1 6 - 9.9

1
| 77
|

1
9 .9% |

|

1
| "99"respon.
I

2 0 .3% I

| 10 -
i

19. 9
1
| 98
i

1
12.6%|

i

1
|Total
i

776 100% j
1
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3 How is the Garden (again, meaning the whole institution) funded ?

Respondents were asked to name only the single most important source.

1

|Funding Agency Nos
1

1

1

|Funding Agency Nos
1

% |

|Government 211
1

27.2%|
I

|Public support
1

41 5.3%|

|Town Council 107
1

13.8%|
1

|Other
|

85 11.0%|

|University 229
1

29.5%|
1

| "0"response
1

13 1.7% j
|Museum 8

1
1.0% |

1

1
|"99"response
|

35 4 .5% |

|Endowment
i

47
1

6.1% |
i

1
|Total
i

776 100%|
i

4 What are the three most important stated policies of your
Garden/Institution? (4a, 4b & 4c)
Respondents were asked to tick three boxes.

1

|Policies Nos
1

% I

|Taxonomic research 219 9.4%°

|Public education 482 20.7%|

|Horticultural training 74 3 .2% |

|Provision of quality
|urban greenspace

181 7 . 8%|

|Supply of plant
|material for teaching/
|research

304 13.1% j

jHorticultural trials
i

113 4 .9%|
I

l r1

|Policies Nos
i

°y !

|Conservation of native
|and/or exotic plants

460 H vo 00 o\°

|Management of natural
| park

61 to (T\ o\°

[Other research 79 3 .4%j
|Other policies 68 2.9%|

| ,r0" response 159 6 .0% j
| "99" response 148 6 .4% |

j Total
i

2328 100% |
i

5 Does your Garden manage or own outstations or satellite gardens?
Respondents were asked to tick one box only.

1

|Nos/% Yes No
1

|"0"resp.
I

1 1

|"99"resp.|
1 1

1
Total |

|Numbers 216 538
1

22
I

1 1
0

| |
776

1 %
I

27.8% 69.3%
1

2.8%
I

1 1
0.0%

1 1

100%
i

6 Is your Garden an outstation or satallite of another
Garden/Institution?

Respondents were asked to tick one box only.
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1

|Nos/% Yes No
1

|"0"resp.
1 1

|"99"resp.|
1 1

Total

|Numbers 97 642
1
: 37
I

1 1
i 0 !
i i

776

1 %
i

12.5% 82.7%
1
[ 4.8%

I l
1 0.0%
1 1

100% |

7 Very approximately what percentage of your whole budget is spent on
live plant collections (the Garden), Research and Public Education?
Respondents were asked to tick one box in each column down.(7a,7b,7c)

1

|% of Budget Garden Research
1

Public Ed |
Nos % Nos % Nos % |

j0-20% 220 28.4% 400 51.5% 498 64.2%|

j 21-40% 133 17 .1% 126 16.2% 95 12.2%j
j 41-60% 137 17.7% 65 8.4% 32 4 .1% |

j61-80% 126 16.2% 22 2 . 8% 12 1. 5% j
j 81-100% 89 11.5% 23 3 . 0% 14 1. 8% j
| "0"response 70 9.0% 138 17.8% 124 16.0%|

j"99"respon. 1 0.1% 2 0.3% 1 0.1% j
|Total 776 100% 776 100% 776 100%|

1

PART 2. RESEARCH INFORMATION

THIS PART CONCERNED THE USE MADE OF EX SITU COLLECTIONS OF LIVE PLANTS BY

TAXONOMISTS.

8 Is taxonomic or related research carried out at your Garden or

Institution ?

Respondents were asked to tick one box only.

1

|Nos/% Yes No j"0"resp.
i 1

|"99»resp.|
I

1

Total
|

|Numbers 461 278 37
1 1
1 0 i
| |

1
776 |

I

1 %
i

59 .4% 35.8% 4.8%
1 1
! 0.0% |
i i

1
100%

I

9 Are the living plant collections at your Garden used as an aid for
taxonomic research ?

Respondents were asked to tick one box only.

1

|Nos/% Yes No
1

|"0"resp.
|

1

|"99"resp.|
I I

Total

|Numbers 533 207
1

36
I

1 1
; 0
1 |

776

1 %
i

68.7% 26.7%
1

4.6%
i

! 1
0.0% |

i i

100%
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10 If "Yes" to Question 9, then to what extent are they used ?

Respondents were asked to tick one box only.

1

|Nos/% Used
1

|Used mod-
1

(Used inf-j "0"resp.
i I

| "99"resp.| Total
greatly | erately

1
|requently| |-from 540|

1 1

|Numbers 81
1
| 249
1

210 (236)
1 1 1

0 | 54 0
1 1 1

1 %
i

15.0%
1

46.1%
l

38.9%
l l

-- % 0.0% | 100%
1 1 1

11 How essential are live, ex situ plants, as held in Botanic Garden
collections, to taxonomic research ?

Respondents were asked to tick one box only.
1 1

|Nos/%
1

1

Essential|Helpful
1

|Unimport*
1

1

"0"resp. |"99"resp.|
I 1

1
Total

|Numbers |
1 I

1
271 | 342

I

1
| 60
I

1 1
103 | 0

I |
776

1 1
1 ^

i i

1
34.9% | 44.1%

1

1
7.7%

i

13.3% | 0.0% |
l i

100%
i

* Unimport = Unimportant

12 How do you rate the importance of live, ex-situ plants, as held in
Botanic Garden collections, for taxonomic research, compared to other
resources?

Respondents were asked to tick one box in each row across.

Resources
i

1
1st

j Nos %
i I

Importance rating
2nd | 3rd

Nos % j Nos %
1 i i

1

4th

Nos %
i i

(12a) Live plant
I

s| 382 j 49 .2%
1

136|17.5%
1

105
I

|13.5%
1

28 |
|

3 . 6% j
(12b) Herbarium

material

1
1
| 255
I

j 32.9%
1

_

230 j 29.6%
1

104 |13.4%
1

1
1

38 |
|

4 . 9% |

(12c)| Library
1

| 93
I

j12.0%
1

189|24.4%
1

268
1
I 34.5%
1

1
48 1

i
6 .2% j

(12d)| Other * 18
i

j 2.3%
i

1
14| 1.8%

i

9
1
| 1.2%
i

1
39 |

i

5 .0% j
12 cont I

|Resources Importance rating (cont)
"0"respon |"99"respon| Total
Nos % |Nos % [Nos %

1 II II

(12a) |Live plants
1

124|16.0%
1

1 j 0.1%
1

776 |
|
100% j

(12b) |Herbarium
|material

1
1

14 9|19 . 2%
1

0 0.0%

1
1

776 |
|
100% j

(12c) |Library
1

17 8|22 . 9%
I

0 1 0.0%
1

776 |
|
100%|

(12d) jOther
i

■A" 696|89 .7%
I

0 0.0%
1

1
776 |

i

1005 j
1
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13 As a taxonomist how do

you rate the scientific
validity of ex situ live plant
study compared to in situ
study ?

Respondents were asked to
tick one box only.

1 1

Validity '
|
Nos

1
1

1

Totally valid
1
172 to to to o\°

1
Reasonably valid

|
376

i

|48.5%
I

1
Not valid

1
10

1
| 1.3%
1

Not valid, but used|
as there is often

little alternative |
|

72

1
1
| 9.3%
1
1

"0" response
|
145

1
118.7%
|

"99" response
|

1
1
| 0.1%
|1

Total 776 1 100%
1 1

14 Of all the live plants cultivated
in your Botanic Garden, can you give a

very rough estimate of the percentage
used actively in taxonomic research.

By "actively" was meant the botanist
visiting the plant about six times a

year to check development, size,
flowering etc.

Respondents were asked to tick one
box only.

1
% Used

1

| Nos
1

1
1 'o

1

>80%
1
| 29
|

1
1 3.7%
I

60-79%
1
| 31
|

1
| 4.0%
i

40-59%
1
| 68
I

03 00 o\°

20-39%
1

| 62
|

03 O o\°

10-19%
1

| 121
|

1

115.6%
I

<10%
1
| 331
I

1
|42.7%
|

"0"respon
1
| 132
I

1
|17 .0%
|

"99"resp
1

2
I

1

| 0.3%
1

Total
1
| 776

1
| 100%
I I

15 What sort of influence do taxonomic staff in your Institution have
over the acquisition and management policy of the live plant collections in
your Garden ?

Respondents were asked to tick one box in each column down.
(15a) (15b)

1

|Influence
1

Acquisition
Nos | %

1

1

Management|
Nos | %

I I

|Complete influence
1

167|21.5%
1

105|13.5%|
| I

|Moderate influence 268|34.5%
1

1 1
275|35.4%|

1 I

|No influence
1

69| 8.9%
1

1 1
111|14.3%|

1 1

|Influence only with
|self-collected plants

1
1

98|12.6%
i

1 1
1 1

77 | 9.9% J
i i

1 1 1 1 1 1
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| "0" response | 169
1

21.8% 204 26.3%|

| "99" response
1
1 5
I

0 . 6% 4 0 .5% j
j Total
I

1
| 776
i

100% 776 100% j
l

16 In your opinion do you think that taxonomic research staff make
sufficient use of the resource of the living plant collections in your, and
other. Gardens ?

Respondents were asked to tick one box in each row across.

(16a)

(16b)

Your/Other BG No/%
1

Yes | No
1

1
" 0 "

1

"99" Total

In your Botanic
Garden

Nos
1

236 | 361
I

1
179 |

I

0 776

o,
-X>

I
30.4%|4 6.5%

I

1
23.1%|

1

O o o\° 100%

In Botanic Gardens

in general
Nos

1
145 | 366

|

1
264 |

|
1 776

%
1

18.7%|47.2%
1

34.0%|
i

0.1% 100%

PART 3. GARDEN AND LIVE PLANT INFORMATION

THIS PART CONCERNED THE MANAGEMENT OF EX SITU COLLECTIONS OF LIVE PLANTS.

17 Does your Garden have a plant collections policy ? (A plant
collections policy may be described as a document explaining why plants are
held at a specific garden. Some policies include a system of rating plants
according to their research, educational or aesthetic value as an aide to
deciding whether they should be held or not).
Respondents were asked to tick one box only.

1 1 1 1
No I"0" resp.I"99"resp.| TotalNos/% Yes

I l 1 l 1 1 l

| Numbers
j

501
1

245
1

30 |
I

o
1

776
1

1 %
i

64.6%
1

31.6% '
i

1
3.9% |

1

0.0%
1

100%

18 If "Yes" to Question 17,
how strictly do you adhere to it?

Respondents were asked to tick one
box only.

* From 514 cases

1 1

|Strictness Nos
1 1

%* |
I I

|Very loosely 30
1 I

| 5.8%|
1

|Fairly loosely 133
1 1

|25.9%|
| 1

|Fairly strictly 291
1 1
| 56.6%|
1 1

|Very strictly 60
1 1
111.7%|
I I

|"0"response (262)
1 1
1 °s\
j 'o I
1 1

|"99"response 0 O O o\°

j Total
i

514
i i

1 100%I
1 1
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19 Does your Garden supply plant material to Universities, Colleges
schools for practical classes (including in - house courses) ?

Respondents were asked to tick one box only.

1

|Nos/% Yes No
1

| "0"resp.
1

1 1

|"99"resp.|
|

1

Total

|Numbers 598 159 19
I

1 1
S o
i i

776

1 9*

1

77.1% 20.5%
1
J 2.4%

I I
0.0%

1

100%
i

20 If "Yes" to Question 19, does this influence the range of species
number of plants you grow ?
Respondents were asked to tick one box only.

1

|Nos/% Yes No
l

| "0"resp.
1
1

\ I

|"99"resp.| Total
1 |-from 611j
1 1 1

|Numbers 306 305
1
| (165)
|

1 1 1
I 0 | 611

1 1

1 %
I

50.1% 50.0%
1
i (V

'O

\

1 1 1
0.0% I 100%

1 1 1

|Responsibility
21 Who is responsible for live |
plant acquisition policy ? |Mostly garden staff

Respondents were asked to tick |Mostly scientific staff
one box only |

|Combination of
I above two

"[Other (please specify)

'0" response

"99" response

[Total

Nos

161 2 0.7%

217 28.0?

292 37.6%

56 7.2%

40 5.2%

10

776

1.3%

100%
J

22 Within the live plant collections held by your Garden what sort of
emphasis do you try to give to the following ?

Respondents were asked to tick one box in each line across

i

|Types/Groups of Plants
I

i

Degree of Emphasis
1
1
1
I

Great

Nos %
I

1
Moderate

Nos %
I 1

Little

Nos %
I I

(22a) |Native endangered plants
|

1
359|46.3%

I

1 1
212|27 - 3%|

| |
149|19,2%|

| |

(22b) |Exotic endangered plants
|

1
154 119.8%

I

1 1
216|27.8%|

| I

1 1
309|39.8%|

| |

(22c)
1
|Genetic diversity

1
2 01|25.9%

1 1
247|31.8%|

1 I
236|30,4%|
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(22d)

(22e)

(22 f)

(22g)

(22h)

1
Wild origin plants

|
378

1

48,7%| 233
1

3 0.0%|
I

110 14 .2%

Plant cultivars
I

168
\

21.6%|
1

270
1

34.8%|
I

267 34 .4%

1
Plants suitable for local|
gardens

I

240

1
1

30.9%|
1

228

1

1
29.4%|

1

220 28.4%

1
Economic food plants- of
potential current or
future use i

|

121

1
1

15.6%|
1
I

211

1
1

27.2%|
1
|

355 45.7%

Medicinal plants- of j
potential current or ;
future use

i

164

1
1

21.1%|
1
l

210

1

27.1%|
1
i

352 41.9%

Q 22
cont.

(22a)

(22b)

(22c)

(22d)

(22e)

(2 2 f)

(2 2 g)

(22h)

1

Types/Groups of Plants Degree of Emphasis
1

"0"respon |
Nos %

i i

"99"

Nos

1

respon|
1•'o |

1 1

Total

Nos %
i

Native endangered plants 56 7.2% 0 O O o\°
1

776 |
I

100%

Exotic endangered plants 97 12.5% 0 o o o\°
1

776 |
I

100%

Genetic diversity 92 11.9% 0 o o o\°
1

776 |
1

100%

Wild origin plants 53 <T\ CO o\° 2 o to o\°
1

776 |
I

100%

Plant cultivars 71 9 .1% j 0 o o o\°
1

776 |
|
100%

Plants suitable for local

gardens
1

CO CO 11.3%j 0 o o o\°

1
1

776 |
|

100%

Economic food plants- of
potential current or
future use

89 11.5%j 0 o o o\°

1

776 1

1
|

100%

Medicinal plants- of
potential current or
future use

77 9 .9% j
I

0 o o o\°

1
1

776 |
1
100%

1

23 In what sorts of way do you display plants in your Garden?
Respondents were asked to tick the 3 most important methods used.
(23a, 23b & 23c)

1

|Display Method
1

| Nos
1

1 1
'o

1 1

|Ecological/habitat associations
1

| 399
|

1 1
117.1%I
i i

|Colourful displays
1
| 227
|

vo 00
_o\°

|Demonstrations of botanical
1
1

1 1

1 1
|processes, eg pollination 64 1 2.7%I
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|Plants by use, eg herbs
|fibres or foods

^
1
| 261
|

4 1
1 1
| 11 . 2^6 |
| |

|Plants by country/region of origin
1
| 262
|

1 1
|11.3%|
I I

|Species of a genus in close
|proximity for comparison

1
1
| 362
|

1 1
1 1
| 15 . 55s |
1 |

|By artistic design
1
| 231
|

1 1
| 9.9%|
1 I

|Other, please specify below 95
I

1 1
1 4 .1% |
1 1

|"0" response
1
| 341
|

1 1
|14.6%|
| I

j"99" response
1
[ 86
|

1 1
| 3.7%|
1 I

| Total
1

1
| 2328

1 1
| 100%|
1 I

24 Do you have a stated policy on the cultivation of rare, threatened or

endangered plants ?

Respondents were asked to tick one box only.
1

|Nos/% Yes No
1

|"0"resp.
I

i >

|"99"resp.|
1 1

1
Total

|Numbers 374 360
1
| 42
1

1 1
0 |

I

776 |

1 %
i

48.5% 46.4%
1
[ 5.4%
i

1 1
| 0.0% 1
1 1

100% j
i

25 If you cultivate rare, threatened or endangered plants for what
purposes do you hold them?
i If none were cultivated respondents were asked to indicate this by
ticking the appropriate box at the start of the table.

i

|Nos/%
1

1

|None cultivated
I

"0"resp.
1 1

| "99"resp.|
1 I

1
Total |

1
|Numbers
|

1
! 98
|

678
1 I
; o |
I |

776 j
1
1
i

1
j 12.6%
i

87.4%
1 1

0.0% 1
1

100%
1

ii If these plants were cultivated repondents were asked to tick as many
boxes as appropriate: the "Nos" column therefore indicates the number of
respondents replying positively to each statement.

(25b)

(25c)

(25d)

(25e)

* From 678 cases

(Taken from i above)

Purpose Nos %*

For eventual re-introduction 319 47.1%

To provide protective custody 433 63 .9%

To use in research 353 52 .1%

To use for public education 462 68.1%

Other reasons, please specify 40 5.9%
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26 Is your Garden involved in any of the following conservation-linked
activities ?

Respondents were asked to tick one response in each row across.

1

|Activity Nos/% Yes No HQ" "99"
1

Total|

|Do you contribute seeds from
|expeditions to seed banks
! (26a)

Nos 281 380 115 0 776 j
'O 36.2% 49 . 0% 14.8% 0 . 0% 100%|

|Do you distribute surplus
|plants from expeditions to
|to other Botanic Gardens (26b)

Nos 410 272 94 | 0 776 |
cy,
'o 52.8% 35.1% 12 .1% | 0.0% 100%|

|Do you propagate and dissem-
|inate material from rare or
[threatened plants you hold ?26c

Nos 488 202 86 j 0 776 |
o,
'h 62.9% 26 . 0% 11.1%| 0.0% 100% I

|Have you ever grown plants
[specifically for reintroduction
[programmes ? (26d)

Nos 259 411 106 | 0 776 j
o,
'O 33.4% 53.0% 13.7%j 0.0% 100%|

|Do you undertake any other Nos 180 293 303 | 0 776 j
°plant-based conservation (1 e e e e e A

[activities, please specify(26e)|% |23.2%|37.6%|39.0%| 0.0%| 100%|
I I I I I I I I

27 Is there an entrance fee to your Garden?
Respondents were asked to tick one box only.

j Nos/% Yes No
1

|"0"resp.
1

l l

["99"resp.|
1 I

Total

|Numbers 2 62 489
1

24
1 1

i !
1 i

776 ;

1 °y 33.8% 63.0% 3.1%
l

l 1
0.1% |

i i

100%

28 Respondents were asked to answer this question only if they had
answered "Yes" to the Question above.

To what extent does the necessity of income from the entry fee
influence your Garden designs. In other words, do you have to make the
Garden ornamental at the expense of being scientific ?

1 1

|No/%|
1 1
1 |

Greatly
1 1

|Moderately|
1 1
1 1

Little | "0"resp.
1
I

i i

|"99"resp.| Total
|-from 280|
11 1

| Nos |
1 1

57
1 1

87 |
I I

136
1
| (496)

1 I 1
0 | 280

1 1
1 ^ 1

i

20.4%
1 1
| 31.1% |
i

48.6%
1

o,
1 'O

i

0.0% | 100%
1 i i

29 As the manager or curator of the live plant collections, could you

please give me your opinion of the following statements as they relate to
vour Botanic Garden.
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Not enough use is made of the live plant
collections by in house taxonomic staff

1 1

Question

A

It is right for the garden to grow mostly
plants that support research

Taxonomic staff don't care about the

plants in the garden

Not enough horticultural research takes
place in this garden

Too much money is allocated to catering
for public Education, to the detriment
of the plant collections

Colourful bedding schemes and artistic
designs are irrelevant in this garden

Traditional displays such as rock gardens
and mixed borders have no place in this
garden

Plants in this garden should be displayed
in features such as habitat reconstruct¬

ions/associations, displays of botanical
functions or groupings of similar species
together for comparison etc.

_L

Respondents were asked to tick one response on each line under to the
following numbered categories:

1 Strongly agree

2 Agree
3 Neutral

4 Disagree
5 Strongly disagree

1

|Question
1

|Nos/%
1

1 2 3 4 5
1

0

|
99

1

Total|
i

A (29a)

1
| Nos
1

112 253 169 93 26
1

123 |
|

0
1

776 |
I

1
o,

1
14 .4% 32.6% 21.8% 12 .0% 3.4%

1
15.9%|

|
0.0%

1
10 0% |

B (29b)

1

| Nos
1

114 186 144 191 60
1

80 |
|

1
1

776 |
1

1
14.7% 24 .0% 18.6% 24 .6% 7.7%

1
10.3%|

|
0.1%

1
100% |

C (29c)

I
1 Nos
1

45 79 161 237 125
1

128 |
|

1
1

776 |
1

s-

1
5.8% 10.2% 20.7% 3 0.5% 16.1%

1
16.5%|

I

0.1%
1

1005 |

D (29d)

1
| Nos
1

151 258 137 104 40
1

86 |
I

0
1

776 |
1

o. 19 .5% 33 .2% 17.7% 13 .4% 5.2%
1

11.1%| 0.0%
1

100% |
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1 1 1 1 1 1 1 1 1 1 1

E (2 9 e)

I

| Nos
1

31 47 144 281 179
1

94 |
I

1

0 |
1

776 j
1
1 9^•"o

1
j 4.0% 6 .1% 18 . 6% 36.2% 23.1%

1
12.1%|

I

1
0 . 0% I

1
100% I

F (2 9 f)
| Nos
1

| 96 113 98 261 139
1

69 |
I

1
0 I

1

776 |
1

1
|12 .4% 14.6% 12 . 6% 33 .6% 17.9%

1
8 . 9% |

1

1
0.0% I

1
10 0% I

G (29g)

1
| Nos
|

! 79 117 87 245 177
1

71 1
1

1
0 1

1
776 |

1
9-'o

1
j10.2% 15.1% 11.2% 31.6% to to 00 o\°

1
9 .1% |

1

1
0 . 0% I

1
100%|

H

I

(29h)

1
| Nos
I

j 229 279 110 59 29
1

69 |
1

1
1 1

1
776 j

1
'o j 29.5%

i

36.0% 14 .2% 7.6% 3.7%
1

8 . 9% |
l

1
0.1% I 100%|

i

PART 4 . PUBLIC EDUCATION INFORMATION

THIS PART CONCERNS THE USE MADE OF THE LIVING COLLECTIONS OF PLANTS FOR

PUBLIC EDUCATION PURPOSES AT YOUR GARDEN.

30 In what ways and to what extent do you use the live plant collections
for formal public education.
Respondents were asked to tick one response to each question under the
following numbered categories:

1 Not used at all

2 Used moderately
3 Used greatly

1

|Type of use N/% 1
1

2 3
1

" 0 "

|

" 9 9 "
1

Total|

|Garden tours to view
[attractive displays

(30a)

Nos 125
~

290 306
1

55 |
1

0 776 |

o,
'O 16.1% 37 .4% 39.4%

1
7 .1% |

I

0.0% 100% j
|Garden tours to view
|specific plant types
[eg natives, aquatics30b

Nos 105 372 250
1

49 |
1

0 776 |

9"'c> 13 .5% 47.9% 32.2%
1

6 . 3% |
|

0 . 0% 100% j
|Plant material in lect-
|ures and demonstrations

(30c)

Nos 106 367 255
1

47 |
I

1 776 |
o. 13 .7% 47.3% 32.9%

1
6 .1% |

|
0.1% 100% j

|Plant material to comp
|lement static displays
|or information boards d

Nos 270 331 97
1

77 |
I

1 776 |

9-'o 34.8% 42.7% 12 .5%
1

9 .9% |
I

0.1% 100% |

|Other ways, please
|specify below

(30e)
i

Nos 34 31 38
1

673 |
i

0 776 j
|

% 4.4% 4.0% 4.9% 00 en o\° 0.0%
1

100% |
I

31 Are your staff involved in plant acquisition policy or

layouts/designs within the Garden ?
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Respondents were asked to tick one reply to each question under the
following numbered categories:

1 Not at all involved

2 Moderately involved
3 Greatly involved

Ola)

(31b)

Acquisition/Des. N/% 1 2 3
1

" 0 "
1

"99" Total

Plant acquisitions
Nos 145 326 249

1
56 |

I

0 776

% 18.7% 42 .0% 32.1% 7.2% |
I

0.0% 100%

Designs/layouts

Nos 152 344 201
1

79 |
I

0 776

Q,
'o 19.6% 44.3% 25.9%

1
10 .2%|

i

0.0% 100%

32 Are any areas of your Garden laid out with public education as the
primary purpose?
Respondents were asked to tick one box only.

1

|Nos/% Yes No
1

|"0"resp.
1

1 1

| "99"resp. |
1 1

Total

|Numbers 481 266
1

28
I

1 1
1

1 1
776

1 %
1

62.0% 34.3%
1

3.6%
1 1

0.1%
l l

100%

33 If "Yes" to Question 32, please
estimate very approximately the %
of the whole garden given over to
public education.

Respondents were asked to tick one
box only.

* From 472 cases

% | Nos
1

I %*
I

>80% j 109
1
|23.1%
1

60-79% 73
1
|15.5%
1

40-59% ! 93
1
|19.7%
1

20-39% 96
1
|20.2%
I

<20% | 101
1
| 21.4%
1

"0"response | (304)
1
| 9-

I

"99"response 0
1
| 0.0%
I

Total | 472
i

1
1 100%
1

34 How do you rate the importance of the live plant collections in your

Garden as a useful aid to your public education programmes compared to
other resources ?

Respondents were asked to tick one response in each column down. (Line
5 and column 5 may not have been necessary)
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1

|Resources
1st

IMP

2nd

0 R T A N C E

3rd 4th
i i

R A

5th

TIN

"0"

G

"99"

1

Total|

|Live plants
1
Nos 592 47 26 16 j 25 70 0 776 j

(34a) "O 76.3% 6.1% 3.4% 2 .1% j 3.2% 9 . 0% 0 . 0% 100% I

| Static exhibits
|of text/photos

(34b)

Nos 44 189 192 142 j 85 123 1 776 |
o,
'o 5.7% 24.4% 24.7% 18.3% j 11.0% 15.9% 0.1% 100% I

|Audio-visual
|presentations
j (34c)

Nos 58 138 162 161 | 102 155 0 776 j
0/
'o 7.5% 17.8% 20.9% 2 0.7% j 13 .1% 20.0% 0.0% 100%|

|Guide books/
|leaflets

(3 4 d)

Nos 91 237 177 102 j 52 117 0 776 j
°y'o 11.7% 30.5% 22.8% 13.1% j 6.7% 15.1% 0.0% 100%|

|Other,please
| specify

(34e)
i

Nos 16 18 6 7 24 704 1 776 |

3-'o 2.1% 2.3% 0.8% 0 . 9% |
I

3.1% 90.7% 0.1% 100% |
1
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APPENDIX VI. COUNTRY CODES

AFRICA
1 001 000 Algeria
1 002 000 Angola
1 003 000 Azore Is
1 004 000 Benin
1 005 000 Cameroon
1 006 000 Canary Is
1 007 000 Egypt
1 008 000 Gabon
1 009 000 Ghana
1 010 000 Ivory Coast
1 Oil 000 Kenya
1 012 000 Libya
1 013 000 Madagascar
1 014 000 Madiera Is
1 015 000 Malawi
1 016 000 Mauritius
1 017 000 Morocco
1 018 000 Mozambique
1 019 000 Nigeria
1 020 000 Reunion Is
1 021 000 Rwanda
1 022 000 St Helena Is
1 023 000 Senegal
1 024 000 Seychelle Is
1 025 000 Sierra Lione
1 026 000 South Africa
1 027 000 Sudan
1 028 000 Tanzania

1 029 000 Togo
1 030 000 Tunisia
1 031 000 Uganda
1 032 000 Zaire
1 033 000 Zimbabwe

AMERICA, NORTH
2 001 000 Canada
2 002 000 Mexico
2 003 000 USA

AMERICA, SOUTH
3 001 000 Argentina
3 002 000 Barbados
3 003 000 Belize
3 004 000 Bermuda
3 005 000 Bolivia

3 006 000 Brazil
3 007 000 Chile
3 008 000 Colombia
3 009 000 Costa Rica
3 010 000 Cuba
3 011 000 Dominica (Commonwealth of)
3 012 000 Dominica (Republic of)
3 013 000 Ecuador
3 014 000 El Salvador
3 015 000 French Guiana
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3 016 000
3 017 000
3 018 000
3 019 000
3 020 000
3 021 000
3 022 000
3 023 000
3 024 000
3 025 000
3 026 000
3 027 000
3 028 000
3 029 000
3 030 000
3 031 000

ASIA
4 001 000
4 002 000
4 003 000
4 004 000
4 005 000
4 006 000
4 007 000
4 008 000
4 009 000
4 010 000
4 011 000
4 012 000
4 013 000
4 014 000
4 015 000
4 016 000
4 017 000
4 018 000
4 019 000
4 020 000
4 021 000

AUSTRALASIA
5 001 000
5 002 000
5 003 000
5 004 000
5 005 000
5 006 000
5 007 000
5 008 000
5 009 000
5 010 000
5 011 000

EUROPE
6 001 000
6 002 000
6 003 000
6 004 000
6 005 000

Grenada

Guadeloupe
Guyana
Honduras
Jamaica

Martinique
Panama

Paraguay
Peru

Puerto Rico
St Vincent
Surinam
Trinidad

Uruguay
Venezuela

Virgin Islands (UK and USA)

Burma
China

Hong Kong
India
Iran

Iraq
Israel

Japan
Korea, North
Korea, South
Mongolia
Nepal
Pakistan
Saudi Arabia
Sri Lanka
Tailand
Taiwan

_

Turkey
USSR
Vietnam

Bangladesh

Australia
Indonesia
Java

Malaysia
New Zealand
Norfolk Island

Papua New Guinea
Philippines
Samoa

Singapore
Solomon Islands

Austria

Belgium
Bulgaria
Czechoslovakia
Denmark
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i 006 000
' 007 000
008 000
009 000
010 000
011000
012 000
013 000
014 000
015 000
016 000
017 000
018 000
019 00
020 000
021 000
022 000
023 000
024 000
025 000
026 000

Eire
Finland
France

Germany, East
Germany, West
Greece

Hungary
Iceland

Italy
Monaco
Netherlands

Norway
Poland

Portugal
Romania

Spain
Sweden
Switzerland
UK

Yugoslavia
Albania
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APPENDIX VII. COMPLETE SUMMARY OF QUESTIONNAIRE RESULTS BY CONTINENT
AND SHOWING THE WORLD TOTAL.

QUESTION RESPONSE NOS/ AFR¬ NTH STH ASIA AUST EUR TOTAL

NUMBER CODE NO. % ICA AMER. AMER. AV %

L ADMINISTRATIVE INFORMATION

i.i Response rate

i.i sent Nos 79 303 96 383 101 495 1457

'o 100 100 100 100 100 100 100

returned Nos 38 159 33 174 65 307 776

% 48.0 52 . 5 34 .4 45.4 64 .4 62 . 0 53 .3

L.ii Number of parts returned

i.ii 4 parts Nos 35 149 31 168 65 295 743
o,
'o 92 .1 93 .7 93 . 9 96.6 100 96.1 95.7

3 parts Nos 3 6 1 3 0 6 19

'o 7 . 9 3 . 8 3.0 1.7 0 . 0 2 . 0 2.4

2 parts Nos 0 3 0 2 0 3 8

% 0 . 0 1.9 0 . 0 1.1 0 . 0 1. 0 1.0

1 part Nos 0 1 1 1 0 3 6

% 0 . 0 0 . 6 0 . 0 0 . 6 0 . 0 1.0 0 . 8

PART 1 GARDEN INFORMATION: FACTUAL BACKGROUND

L When was your Garden (meaning the whole Institution) founded?

Q1 1 Nos 0 0 0 0 0 10 10

% 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 3.3 1.3

2 Nos 0 0_ 0 3 0 15 18
<v
'o 0 . 0 0.0 0 . 0 1.7 0 . 0 4.9 2.3

3 Nos 1 1 0 2 0 26 30

% 2 . 6 0 . 6 0 . 0 1.1 0 . 0 8 . 5 3 . 9

4 Nos 4 18 6 14 20 90 152

% 10 . 5 11.3 18.2 8 . 0 30.8 29.3 19 . 6

5 Nos 15 29 2 20 5 39 110

% 39.5 18 . 2 6.1 11.5 7.7 12 .7 14 .2

6 Nos 10 43 8 67 13 55 196

% 23 . 6 27 . 0 24 .2 38.5 20.0 17.9 25.3

7 Nos 8 66 16 65 27 69 251

% 21.0 41.5 40.5 37.4 41.5 22 .5 32.3

0 Nos 0 1 1 2 0 2 6
Os
'o 0 . 0 0.6 3 . 0 1.1 0.0 0.7 0.8

99 Nos 0 1 0 1 0 1 3

% 0.0 0 . 6 0 . 0 0 . 6 0 . 0 0.3 0.4

Tot Nos 38 159 33 174 65 307 776

% 100 100 100 100 100 100 100
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QUESTION RESPONSE NOS/ AFR¬ NTH STH ASIA AUST EUR TOTAL

NUMBER CODE NO. % ICA AMER. AMER AV %

2 How large is your Garden, in hectares?

Q2 1 Nos 6 6 1 5 3 37 58

% 15.8 3 . 8 3 . 0 2.9 4.6 12.1 7.5

2 Nos 4 10 3 9 2 69 97

% 10.5 6.3 9.1 5.2 3 .1 22 . 5 12.5

3 Nos 0 24 7 21 6 51 109

'o 0 . 0 15.1 21.2 12.1 9.2 16.6 14 . 0

4 Nos 3 10 2 12 3 47 77

% 7.9 6.3 6.1 6.9 4 . 6 15.3 9 . 9

5 Nos 5 12 5 29 9 38 98

% 13 . 1 7.5 15.2 16 .7 13 . 8 12 .4 12 . 6

6 Nos 6 37 4 43 17 30 137
O, 15 . 8 23.3 12 .1 24 .7 26.2 9 . 8 17 .7

7 Nos 12 59 9 53 25 32 190

'o 31.6 37.1 27.3 30.5 38.5 10 .4 24.5

0 Nos 1 1 2 1 0 3 8

% 2 . 6 0.6 6 . 1 0 . 6 0 . 0 1.0 1.0

99 Nos 1 0 0 1 0 0 2

2 . 6 0 . 0 0 . 0 0 . 6 0 . 0 0 . 0 0.3

Tot Nos 38 159 33 174 65 307 776

■"© 100 100 100 100 100 100 100

3 How is the Garden (again, meaning the whole institution) funded ?

Q3 1 Nos 25 34 12 65 25 50 211

'o 65 . 8 21.4 36.4 37.4 38.5 16.3 27.2

2 Nos 2 10 3 25 17 50 107

'o 5.3 6.3 9.1 14 .4 26.2 16.3 13 . 8

3 Nos ~9 33 10 44 8 125 229

% 23.7 20.8 30.3 25.3 12 .3 40.7 29 . 5

4 Nos 0 2 0 2 0 4 8

'o 0 . 0 1.3 0 . 0 1.1 0 . 0 1.3 1.0

5 Nos 0 30 1 0 1 15 47

% 0 . 0 18 . 9 3 . 0 0 . 0 1. 5 4 . 9 6.1

6 Nos 0 24 2 3 3 9 41

'o 0 . 0 15 . 1 6.1 1.7 4 . 6 2 . 9 5.3

7 Nos 1 18 4 26 5 31 85

'O 2 . 6 11.3 12.1 14.9 7.7 10 .1 11.0

0 Nos 0 2 1 4 1 5 13

% 0 . 0 1.3 3 . 0 2 . 3 1.5 1.6 1.7

99 Nos 1 6 0 5 5 18 35

% 2.6 3 . 8 0 . 0 2.9 7.7 5.9 4 . 5

Tot Nos 38 159 33 174 65 307 776

'o 100 100 100 100 100 100 100
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QUESTION RESPONSE NOS/ AFR¬ NTH STH ASIA AUST EUR TOTAL

NUMBER CODE NO. % ICA AMER. AMER. AV %

4 What are the three most important stated policies of your
Garden/Institution?

1 Nos 16 28 11 59 15 90 219

% 14 .0 5.9 11.1 11.3 7.7 9 . 8 9 . 4

2 Nos 17 132 20 75 46 192 482

% 14 . 9 27.7 20.2 14 .4 23 . 6 20.8 20.7

3 Nos 4 13 2 13 14 28 74

% 3.5 2.7 2 . 0 7 . 5 7.2 3 . 0 3.2

4 Nos 5 50 9 53 20 44 181

% 4 .4 10.5 9 .1 10 . 2 10 .3 4 . 8 7 . 8

5 Nos 14 42 11 68 15 154 304

% 12 .3 8 . 8 11.1 13 . 0 7.7 16.7 13 .1

6 Nos 2 36 2 36 7 30 113

% 1.8 7 . 5 2 . 0 6 . 9 3 . 6 3 .3 4 . 9

7 Nos 23 80 24 120 47 166 460
Os
'o 20.2 16 . 8 24 .2 23 . 0 24 . 1 18 . 0 19 . 8

8 Nos 5 23 1 6 12 14 61

% 4 .4 4 . 8 1.0 1.1 6.2 1.5 2 . 6

9 Nos 5 16 3 20 3 32 79

% 4 .4 3.4 3 . 0 3 . 8 1.5 3 . 5 3.4

10 Nos 4 25 2 10 3 24 68

'o 3 . 5 5.2 2 . 0 1.9 1.5 2 . 6 2 . 9

0 Nos 10 20 8 29 7 65 139

% 8 . 8 4.2 8 . 1 5 . 6 3 . 6 7 .1 6 . 0

99 Nos 9 12 6 33 6 82 148

% 7 . 9 2 . 5 6 .1 6.3 3 .1 8 . 9 6.4

Tot Nos 114 177 99 522 195 921 2328

% 100 100 100 100 100 100 100

5 Does your Garden manage or own outstations or satellite gardens?

Yes Nos 10 36 11 46 17 96 216

% 26.3 22.6 33 . 3 26.4 26.2 31.3 27 . 8

No Nos 28 120 20 119 47 204 538

% 73 .7 75.5 60 . 6 68.4 72 . 3 66.4 69 .3

0 Nos 0 3 2 9 1 7 22

•"© 0 . 0 1.9 6.1 5.2 1.5 2 . 3 2 . 8

99 Nos 0 0 0 0 0 0 0

% 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0

Tot Nos 38 159 33 174 65 307 776

'o 100 100 100 100 100 100 100
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QUESTION RESPONSE NOS/ AFR- NTH STH ASIA AUST EUR TOTAL
NUMBER CODE NO. % ICA AMER. AMER. AV %

6 Is your Garden an outstation or satallite of another Garden/Institution?

Yes Nos 5 17 5 26 7 36 97

% 13 .2 10 .7 18 . 2 14 . 9 10 . 8 11.7 12 . 5

No Nos 30 140 23 136 57 256 642

% 78 . 9 88.1 69.7 78.2 87 .7 83 .4 82 . 7

0 Nos 3 2 4 12 1 15 37

% 7.9 1.3 12 .1 6 . 9 1.5 4 . 9 4 . 8

99 Nos 0 0 0 0 0 0 0

'o 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0

Tot Nos 38 159 33 174 65 307 776

% 100 100 100 100 100 100 100

7 Very approximately what percentage of your whole budget is spent on live
plant collections (the Garden), Research and Public Education?

Q7a 1 Nos 14 44 11 66 21 64 220

(Garden) % 36.8 27.7 33.3 37 . 9 32.3 20.8 28.4

2 Nos 5 36 2 40 6 44 133

'o 13 .2 22 . 6 6 .1 23 . 0 9 . 2 14 . 3 17 . 1

3 Nos 5 22 5 36 8 61 137

'o 13 .2 13 . 8 15.2 20.7 12 . 3 19 . 9 17.7

4 Nos 8 29 1 10 13 65 126

% 21.1 18.2 3 . 0 5.7 20.0 21.2 16.2

5 Nos 1 17 7 6 13 45 89

% 2 . 6 10.7 21.2 3.4 20.0 14 .7 11.5

0 Nos 5 11 7 15 4 28 70

'o 13 . 2 6 . 9 21.2 8 . 6 6.2 9 .1 9 . 0

99 Nos 0 0 0 1 0 0 1

'o ~0 . 0 0 . 0 0 . 0 0 . 6 0 . 0 0 . 0 0 . 1

Tot Nos 38 159 33 174 65 307 776

'o 100 100 100 100 100 100 100

Q7b 1 Nos 15 104 20 62 39 160 400

(Research) 'o 39.5 65 .4 60 . 6 35.6 60.0 52 .1 51.5

2 Nos 6 18 5 42 4 51 126

'o 15.8 11.3 15 .2 24 .1 6.2 16.6 16.2

3 Nos 5 5 1 35 1 18 65

-x> 13 . 2 3 .1 3 . 0 20.1 1.5 5.9 8.4

4 Nos 2 3 0 8 1 8 22
Os
"o 5.3 1.9 0 . 0 4.6 1.5 2 . 6 2 . 8

5 Nos 0 3 0 9 3 8 23
<v
'o 0 . 0 1.9 0 . 0 5.2 4.6 2.6 3.0

0 Nos 10 26 7 18 15 62 138

'o 26.3 16.4 21.2 10 . 3 23 .1 20.2 17 . 8

99 Nos 0 0 0 0 2 0 2

% 0.0 0 . 0 0 . 0 0 . 0 3 .1 0.0 0 . 3

Tot Nos 38 159 33 174 65 307 776

'o 100 100 100 100 100 100 100
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QUESTION RESPONSE NOS/ AFR¬ NTH STH ASIA AUST EUR TOTAL

NUMBER CODE NO. % ICA AMER. AMER. AV %

Q7c 1 Nos 26 'lOl 21 102 48 200 498

(Public Ed) % 68.4 63 . 5 63 . 6 58.6 73 . 8 65.1 64 .2

2 Nos 2 29 3 22 6 33 95

*x> 5.3 18.2 9 .1 12 . 6 9.2 10.7 12 .2

3 Nos 0 11 1 8 1 11 32

% 0 . 0 6.9 3 . 0 4.6 1.5 3 . 6 4 .1

4 Nos 1 3 1 3 1 3 12

% 2 . 6 1.9 3 . 0 1.7 1.5 1.0 1.5

5 Nos 1 1 0 2 0 10 14

% 2.6 0 . 6 0 . 0 1.1 0 . 0 3 .3 1.8

0 Nos 8 14 7 37 8 50 124

% 21.1 8 . 8 21.2 21.3 12 . 3 16.3 16. 0

99 Nos 0 0 0 0 1 0 1-

% 0 . 0 0 . 0 0.0 0 . 0 1. 5 0 . 0 0.1

Tot Nos 38 159 33 174 65 307 776

% 100 100 100 100 100 100 100

PART 2. RESEARCH INFORMATION: USE MADE OF COLLECTIONS

8 Is taxonomic or related research carried out at your Garden or

institution ?

Q 8 Yes Nos 27 81 18 131 36 168 461
Or
'o 71.7 50.9 54 .5 75.3 55.4 54 .7 59.4

No Nos 9 68 12 38 26 125 278

% 23 .7 42 . 8 36.4 21.8 40.0 40.7 35.8

0 Nos 2 10 3 5 3 14 37

% 5.3 6.3 9 .1 2.9 4 . 6 4 . 6 4 . 8

99 Nos 0 0 0 0 0 0 0

% 0 . 0 CT. 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0

Tot Nos 38 159 33 174 65 307 776

% 100 100 100 100 100 100 100

9 Are the living plant collections at your Garden used as an aid for
taxonomic research ?

Yes Nos 27 100 18 145 45 198 533

% 71.7 62 .9 54 . 5 83 . 3 69.2 64 . 5 68.7

No Nos 9 49 13 27 17 92 207
°r
yo 23.7 30.8 39.4 15.5 26.2 30.0 26.7

0 Nos 2 10 2 2 3 17 36
Or
"O 5.3 6.3 6.1 1.1 4.6 5 . 5 4.6

99 Nos 0 0 0 0 0 0 0
Or
'O 0 . 0 0 . 0 0 . 0 0 . 0 0.0 0 . 0 0 . 0

Tot Nos 38 159 33 174 65 307 776
Or
'O 100 100 100 100 100 100 100
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QUESTION RESPONSE NOS/ AFR¬ NTH STH ASIA AUST EUR TOTAL

NUMBER CODE NO. % ICA AMER. AMER. AV %

10 If "Yes" to Question 9, then to what extent are they used ?

1 Nos 8 15 2 20 5 31 81

% 29.6 14 .4 10.5 13 .7 11.1 15.6

2 Nos 13 34 12 76 20 94 249

% 48.1 32.7 63 .2 52 .1 44.4 47.2 46.1

3 Nos 6 55 5 50 20 74 210

% 22.2 52 . 9 26.3 34 .2 44.4 37.2 38.9

0 Nos
o.

(11) (55) (14) (28) (20) (108) (236)

99

'o

Nos 0 0 0 0 0 0 0

% 0.0 0 . 0 0.0 0.0 0 . 0 0 . 0 0 . 0

Tot Nos >6X7 104 19 146 45 199 540

% 100 100 100 100 100 307 100

11 How essential are live, ex situ plants, as held in Botanic Garden

collections, to taxonomic research ?

1 Nos 13 55 11 52 30 110 271

% 34 . 2 34 . 6 33.3 29.9 46.2 35.8 34 . 9

2 Nos 17 65 14 107 26 113 342

% 44 .7 40.9 42.4 61.5 40.0 36.8 44 .1

3 Nos 3 10 4 4 2 37 60

% 7.9 6.3 12 .1 2.3 3 .1 12 .1 7.7

0 Nos 5 29 4 11 7 47 103

% 13 .2 18.2 12 .1 6.3 10 . 8 15.3 13 .3

99 Nos 0 0 0 0 0 0 0

% 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0

Tot Nos 38 159 33 174 65 307 776

'o "100 100 100 100 100 100 100

12 How do you rate the importance of live, ex-situ plants, as held in Botanic
Garden collections, for taxonomic research, compared to other resources?

1 Nos 17 63 16 106 30 150 382

Plants) % 44.7 39.6 48.5 60.9 46.2 48.9 49.2

2 Nos 8 32 3 29 17 47 136
<V
'o 21.1 20.1 9 .1 16.7 26.2 15.3 17.5

3 Nos 6 27 8 15 11 38 105

% 15 . 8 17 . 0 24 . 2 8 . 6 16 . 9 12.4 13.5

4 Nos 1 7 0 6 1 13 28

% 2 . 6 4.4 0 . 0 3.4 1.5 4.2 3.6

0 Nos 6 30 6 18 6 58 124
Os
'o 15.8 18.9 18.2 10.3 9.2 18.9 16. 0

99 Nos 0 0 0 0 0 1 1

% 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0.3 0 .1

Tot Nos 38 159 33 174 65 307 776

% 100 100 100 100 100 100 100
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QUESTION RESPONSE NOS/ AFR¬ NTH STH ASIA AUST EUR TOTAL

NUMBER CODE NO. % ICA AMER. AMER. AV %

12b 1 Nos 17 '63 11 50 25 89 255

(Herbarium) 0,
-o 44 .7 39.6 33 . 3 28.7 38.5 29.0 32.9

2 Nos 10 37 14 62 23 84 230

% 26.3 23.3 42.4 35 . 6 35.4 27.4 29.6

3 Nos 3 21 3 26 5 46 104
o-
'o 7 . 9 13 . 2 9.1 14 . 9 7.7 15.0 13 .4

4 Nos 1 8 1 10 3 15 38

% 2.6 5.0 3 . 0 5.7 4 . 6 4.9 4 . 9

0 Nos 7 30 4 26 9 73 149

% 18.4 18.9 12 . 1 14 . 9 13 .8 23 . 8 19.2

99 Nos 0 0 0 0 0 0 0

% 0 . 0 0 . 0 0 . 0 0.0 0 . 0 0 . 0 0 . 0

Tot Nos 38 159 33 174 65 307 776

'O 100 100 100 100 100 100 100

12c 1 Nos 7 16 5 14 6 45 93

(Library) 18.4 10.1 15.2 8 . 0 9.2 14 .7 12.0

2 Nos 7 44 11 45 14 68 189

% 18.4 27.7 33.3 25.9 21.5 22 . 1 24 .4

3 Nos 12 58 8 65 30 95 268

% 31.6 36.5 24 . 2 37.4 46.2 30.9 34 . 5

4 Nos 2 9 2 14 4 17 48

% 5.2 5.7 6.1 8 . 0 6.2 5 . 5 6.2

0 Nos 10 32 7 36 11 82 178

% 26.3 20.1 21.2 20.7 16.9 26.7 22 . 9

99 Nos 0 0 0 0 0 0 0

% 0 . 0 0 . 0 0.0 0 . 0 0 . 0 0 . 0 0 . 0

Tot Nos 38 159 33 174 65 307 776

% 100 10 0 100 100 100 100 100

12d 1 Nos 0 6 1 0 3 8 18

(Other) <>'o 0 . 0 3 . 8 3 . 0 0 . 0 4 . 6 2 . 6 2.3

2 Nos 2 1 1 3 1 6 14

% 5.2 0.6 3 . 0 1.7 1.5 2 . 0 1.8

3 Nos 0 2 0 4 0 3 9

'o 0 . 0 1.3 0 . 0 2.3 0 . 0 1.0 1.2

4 Nos 1 6 0 16 2 14 39

% 2 . 6 3 . 8 0 . 0 9.2 3 .1 4 . 6 5 . 0

0 Nos 35 144 31 151 59 276 696

% 92 .2 90.6 93 . 9 86.8 90 . 8 90.0 89.7

99 Nos 0 0 0 0 0 0 0

% 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0

Tot Nos 38 159 33 174 65 307 776

% 100 100 100 100 100 100 100
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QUESTION RESPONSE NOS/ AFR¬ NTH STH ASIA AUST EUR TOTAL

NUMBER CODE NO. % ICA AMER. AMER. AV %

13 As a taxonomist how do you rate the scientific validity of ex situ live

slant study compared to in situ study ?

Q13 1 Nos 9 26 8 33 14 82 172

% 23.7 16.4 24.2 19.0 21.5 26.7 22.2

2 Nos 18 79 18 94 34 133 376

% 47.4 49.7 54 .5 54 . 0 52 .3 43.3 48.5

3 Nos 0 1 0 2 2 5 10

% 0 . 0 0.6 0 . 0 1.1 3 .1 1.6 1.3

4 Nos 6 11 2 26 3 24 72

% 15.8 6.9 6.1 14.9 4 . 6 7.8 9.3

0 Nos 5 42 5 18 12 63 145

% 13 . 2 26.4 15 . 2 10.3 18 . 5 20.5 18.7

99 Nos 0 0 0 1 0 0 1
°y 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 .1

Tot Nos 38 159 33 174 65 307 776

% 100 100 100 100 100 100 100

14 Of all the live plants cultivated in your Botanic Garden, can you give a

very rough estimate of the percentage used actively in taxonomic research.

1 Nos 2 2 0 18 2 5 29

% 5.3 1.3 0 . 0 10.3 3 .1 1.6 3 .7

2 Nos 2 0 2 15 3 9 31

% 5.3 0 . 0 6 .1 8 . 6 4 . 6 2.9 4 . 0

3 Nos 5 8 3 27 3 22 68
°y
'O 13 .2 5.0 9.1 15.5 4 . 6 7.2 8 . 8

4 Nos 3 6 0 25 2 26 62
Oy
'O -7.9 3.8 0.0 14 .4 3.1 8.5 8 . 0

5 Nos 7 19 8 28 11 48 121
Oy
'O 18.4 11.9 24 .2 16.1 16.9 15.6 15. 6

6 Nos 12 92 15 40 33 139 331
Oy
'O 31.6 57.9 45 . 5 23 . 0 50 . 8 45.3 42.7

0 Nos 6 32 5 20 11 58 132

% 15.8 20.1 15.2 11.5 16.9 18 . 9 17 . 0

99 Nos 1 0 0 1 0 0 2

% 2 . 6 0 . 0 0 . 0 0.6 0 . 0 0 . 0 0.3

Tot Nos 38 159 33 174 65 307 776

% 100 100 100 100 100 100 100
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QUESTION RESPONSE NOS/ AFR- NTH STH ASIA AUST EUR TOTAL
NUMBER CODE NO. % ICA AMER. AMER. AV %

15 What sort of influence do taxonomic staff in your institution have over

the acquisition and management policy of the live plant collections in your

Garden ?

Q15a

(Acquisition)

1 Nos 10 28 4 38 14 73 167

% 26.3 17 . 6 12 .1 21.8 21.5 23 . 8 21.5

2 Nos 13 66 7 70 20 92 268

% 34.2 41.5 21.2 40.2 30.8 30.0 34.5

3 Nos 2 17 5 8 7 30 69
Os
'o 5.3 10.7 15.2 4 . 6 10 . 8 9 . 8 8 . 9

4 Nos 5 11 7 31 8 36 98
O,
'o 13 . 1 6.9 21.2 17 . 8 12 .3 11.7 12 . 6

0 Nos 7 36 9 27 16 74 169

% 18.4 22 . 6 24 .2 15.5 24 . 6 24 .1 21.8

99 Nos 1 1 1 0 0 2 5

% 2.6 0.6 3 . 0 0 . 0 0 . 0 0 . 0 0.6

Tot Nos 38 159 33 174 65 307 776

'o 100 100 100 100 100 100 100

Q15b 1 Nos 11 18 1 18 11 46 105

(Management) % 28.9 11.3 3 . 0 10 . 3 16.9 15 . 0 13.5

2 Nos 9 57 9 68 21 111 275

4 23.7 35.8 27.3 39.1 32.3 36.2 35.4

3 Nos 4 28 7 23 8 41 111

% 10 . 5 17 . 6 21.2 13 . 2 12 .3 13 . 6 14 .3

4 Nos 4 14 6 19 6 28 77

% 10.5 8 . 8 18.2 10.9 9.2 9 .1 9 . 9

0 Nos 9 41 9 46 19 80 204
O,
"© 23.7 2.5. 8 27.3 26.4 29.2 26.1 26.3

99 Nos 1 1 1 0 0 1 4

% 2 . 6 0.6 3 . 0 0 . 0 0 . 0 0.3 0 . 5

Tot Nos 38 159 33 174 65 307 776

% 100 100 100 100 100 100 100

16 In your opinion do you think that taxonomic research staff make
sufficient use of the resource of the living plant collections in your, and
other. Gardens ?

Q16a Yes Nos 17 42 5 70 15 87 236

(Your BG) 'o 44 .7 26.4 15 .2 40.2 23.1 28.3 30.4

No Nos 12 72 22 81 37 137 361

% 31.6 45.3 67.7 46.6 56 . 9 44 .6 46.5

0 Nos 9 45 6 23 13 83 179

% 23.7 28.3 18 .2 13 .2 20.0 27.0 23 . 1

99 Nos 0 0 0 0 0 0 0

'o 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0

Tot Nos 38 159 33 174 65 307 776

% 100 100 100 100 100 100 100
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QUESTION RESPONSE NOS/ AFR¬ NTH STH ASIA AUST EUR TOTAL

NUMBER CODE NO. % ICA AMER. AMER. AV %

Q16b Yes Nos 13 26 5 38 9 54 145

(Other BG) % 34 .2 16.4 15.2 21.8 13 . 8 17.6 18.7

No Nos 12 80 13 85 37 139 366

% 31.6 50.3 36.4 48.9 56.9 45.3 47.2

0 Nos 13 53 15 51 19 113 264

% 34 .2 33.3 45.5 29.3 29.2 36.8 34 . 0

99 Nos 0 0 0 0 0 1 1

% 0 . 0 0.0 0 . 0 0.0 0.0 0.3 0 .1

Tot Nos 38 159 33 174 65 307 776

% 100 100 100 100 100 100 100

PART 3. GARDEN AND LIVE PLANT COLLECTIONS INFORMATION

17 Does your Garden have a plant collections policy ?

Q17 Yes Nos 20 99 19 146 42 175 501

% 52 . 6 62 . 3 57.6 83.9 64 .4 57.0 64 . 6

No Nos 17 57 10 21 21 119 245

% 44.7 35 . 8 30.3 12.1 32.3 38.8 31.6

0 Nos 1 3 4 7 2 13 30
% 2.6 1.9 12 .1 4 . 0 3.1 4 . 2 3 . 9

99 Nos 0 0 0 0 0 0 0

% 0 . 0 0.0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0

Tot Nos 38 159 33 174 65 307 776

'o 100 100 100 100 100 100 100

18 If "Yes" to Question 17, how strictly do you adhere to it?

Q18 1 Nos 1 4 1 10 1 13 30

'o 4 . 8 4 . 0 5.5 6 . 8 2 . 5 6.9 5 . 8

2 Nos 7 22 7 48 5 44 133

% 33.3 21.8 38.9 32.9 12.5 23 .4 25.9

3 Nos 10 63 9 80 30 99 291

*■© 47.6 62 .4 50.0 54.8 75.0 52 .7 56.6

4 Nos 3 12 1 8 4 32 60

% 14 .3 11.9 5 . 5 5 . 5 10 . 0 17 .0 11.7

0 Nos
o.

(17) (58) (15) (28) (25) (119) (262)

99

4

Nos 0 0 0 0 0 0 0

'o 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0

Tot Nos 38 101 33 174 65 188 514

% 100 100 100 100 100 100 100
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QUESTION RESPONSE NOS/ AFR¬ NTH STH ASIA AUST EUR TOTAL

NUMBER CODE NO. % ICA AMER. AMER. AV %

19 Does your Garden supply plant material to Universities, Colleges or

schools for practical classes (including in - house courses) 7

Q19 Yes Nos 32 119 18 140 44 245 598

84 .2 74 . 8 54 . 5 80.5 67.7 79 . 8 77 .1

No Nos 5 37 14 29 19 55 159

«"© 13 .2 23 .3 42.4 16.7 29.2 17 . 9 20.5

0 Nos 1 3 1 5 2 7 19

% 2 . 6 1.9 3 . 0 2 . 9 3 .1 2 . 3 2.4

99 Nos 0 0 0 0 0 0 0

% 0 . 0 0.0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0

Tot Nos 38 159 33 174 65 307 776

% 100 100 100 100 100 100 100

20 If "Yes" to Question 19, does this influence the range of species or

number of plants you grow ?

Q20 Yes Nos 14 50 7 87 13 135 306

% 42.4 41.3 38.9 62 . 6 27.7 53 .4 50.1

No Nos 19 71 11 52 34 118 305

% 57 . 6 58.7 61.1 37.4 72 .3 46.6 50 . 0

0 Nos (5) (38) (15) (35) (18) (54) (165)

99

'o

Nos 0 0 0 0 0 0 0

% 0 . 0 0.0 0 . 0 0 . 0 0 . 0 0 . 0 0.0

Tot Nos 38 121 18 139 47 253 611
°s 100 100 100 100 100 100 100

21 Who is responsible for live plant"acquisition policy 7

Q21 1 Nos 7 54 8 21 15 56 161

% 18.4 34 . 0 24 . 2 12 . 1 23 .1 18 . 2 20.7

2 Nos 11 24 6 96 9 71 217

% 28.9 15 . 1 18.2 55.2 13 . 8 23 .1 28.0

3 Nos 14 59 8 46 29 136 292

% 36.8 37.1 24 .2 26.4 44 . 6 44 .3 37 . 6

4 Nos 1 14 6 5 8 22 56
Os'o 2 . 6 8 . 8 18.2 2.9 12 .3 7.2 7.2

0 Nos 5 7 2 5 4 17 40

% 13 .2 4.4 6.1 2 . 9 6.2 5 . 5 5.2

99 Nos 0 1 3 1 0 5 10

% 0 . 0 0.3 9.1 0 . 6 0 . 0 1.6 1.3

Tot Nos 38 159 33 174 65 307 776

'o 100 100 100 100 100 100 100
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22 Within the live plant collections held by your Garden what sort of

emphasis do you try to give to the following ?

Q22a 1 Nos 27 67 21 81 45 118 359

(Native endangered) % 71.1 42 .1 63 . 6 46.6 69.2 38.4 46.3

2 Nos 8 44 4 47 11 98 212

% 21.1 27.7 12.1 27.0 16.9 31.9 27.3

3 Nos 2 40 4 30 6 67 149

% 5.3 25.5 12 .1 17 .2 9.2 21.8 19 .2

0 Nos 1 8 4 16 3 24 56

% 2.6 5 . 0 12.1 9.2 4.6 7 . 8 7.2

99 Nos 0 0 0 0 0 0 0

% 0.0 0.0 0 . 0 0.0 0.0 0 . 0 0 . 0

Tot Nos 38 159 33 174 65 307 776
<y'o 100 100 100 100 100 100 100

Q22b 1 Nos 10 19 4 42 15 64 154

(Exotic endangered) % 26.3 11. 9 12 .1 24 . 1 23 . 1 20.8 19 . 8

2 Nos 13 43 7 62 15 76 216

34.2 27 . 0 21.2 35.6 23 . 1 24 . 8 27 . 8

3 Nos 8 82 18 43 26 132 309

% 21.1 51.6 54 . 5 24 .7 40.0 43.0 39.8

0 Nos 7 15 4 27 9 35 97

% 18.4 9.4 12 . 1 15.5 13 . 8 11.4 12 . 5

99 Nos 0 0 0 0 0 0 0

% 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0

Tot Nos 38 159 33 174 65 307 776

% 100 100 100 100 100 100 100

-

Q22c 1 Nos 17 33 12 46 18 75 201

(Genetic diversity) <y'o 44.7 20.8 36.4 26.4 27.7 24 .4 25 . 9

2 Nos 9 70 6 63 22 77 247
<y 23 .7 44 . 0 18 .2 36.2 33 . 8 25.1 31.8

3 Nos 7 47 10 40 17 115 236
<y 18 .4 29 . 6 30.3 23.0 26.2 37.5 30.4

0 Nos 5 9 5 25 8 40 92

% 13 .2 5.7 15.2 14 .4 12 .3 13.0 11.9

99 Nos 0 0 0 0 0 0 0
<y 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0

Tot Nos 38 159 33 174 65 307 776
<y 100 100 100 100 100 100 100
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Q22d

(Wild origin)

1 Nos 21 68 17 61 35 176 378

% 55.3 42 . 8 51.5 35.1 53 . 8 57.3 48.7

2 Nos 9 53 6 69 18 78 233

'o 23.7 33.3 18.2 39.7 27.7 25.4 30.0

3 Nos 5 31 7 28 6 33 110
Os 13 .2 19.5 21.2 16.1 9.2 10.7 14 .2

0 Nos 3 7 3 15 5 20 53

% 7.9 4.4 9.1 8.6 7.7 6.5 6.8

99 Nos 0 0 0 0 1 0 2
°y'O 0 . 0 0 . 0 0 . 0 0 . 0 1.5 0 . 0 0 . 3

Tot Nos 38 159 33 174 65 307 776

% 100 100 100 100 100 100 100

Q22e

(Cultivars)

1 Nos 2 42 5 52 6 61 168

% 5.3 26.4 15.2 29 . 9 9.2 19 . 9 21.6

2 Nos 13 59 10 60 23 105 270

% 34 .2 37 . 1 30.3 34 . 5 35.4 34.2 34 . 8

3 Nos 15 51 14 43 30 114 267

% 39.5 32 . 1 42.4 24 .7 46.2 37 .1 34 .4

0 Nos 8 7 4 19 6 27 71

% 21.1 4 .4 12 . 1 10 . 9 9 . 2 8 . 8 9 .1

99 Nos 0 0 0 0 0 0 0

% 0 . 0 0 . 0 0 . 0 0 . 0 0.0 0 . 0 0.0

Tot Nos 38 159 33 174 65 307 776

% 100 100 100 100 100 100 100

Q22f 1 Nos 10 82 7 47 25 69 240

(Local gardens) °y 26.3 51.6 21.2 27.0 38.5 22 . 5 30.9

2 Nos 11 53 11 34 25 94 228

'o 28.9 33.333 .3 19.5 38.5 30.6 29.4

3 Nos 12 18 11 57 13 109 220

% 31.6 11.3 33 .3 32.8 20.0 35.5 28.4

0 Nos 5 6 4 36 2 35 88

'o 13 .2 3 . 8 12 . 1 20.7 3 .1 11.4 11.3

99 Nos 0 0 0 0 0 0 0

% 0.0 0.0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0

Tot Nos 38 159 33 174 65 307 776

*"© 100 100 100 100 100 100 100
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Q22g 1 Nos 7 19 11 33 10 41 121

(Economic) % 18 .4 11.9 33.3 19 . 0 15.4 13 .4 15.6

2 Nos 10 40 10 54 16 81 211

% 26.3 25.5 30.3 31.0 24.6 26.4 27.2

3 Nos 15 90 9 62 33 146 355

'O 39.5 56 . 6 27.3 35.6 50 . 8 47.6 45.7

0 Nos 6 10 3 25 6 39 89

'o 15 . 8 6.3 9 .1 14 .4 9.2 12 .7 11.5

99 Nos 0 0 0 0 0 0 0

% 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0

Tot Nos 38 159 33 174 65 307 776

'o 100 100 100 100 100 100 100

Q22h 1 Nos 10 19 8 53 10 64 164

(Medicinal) % 26.3 11.9 24 .2 30.5 15.4 20.8 21.1

2 Nos 8 32 12 47 16 95 210

% 21.1 20.1 36.4 27 . 0 24 . 6 30.9 27 . 1

3 Nos 16 98 10 52 33 116 325

% 42.1 61.6 30.3 29.9 50 . 8 37 . 8 41.9

0 Nos 4 10 3 22 6 32 77

% 10 . 5 6.3 9 . 1 12 . 6 9.2 10.4 9 . 9

99 Nos 0 0 0 0 0 0 0

% 0.0 0 . 0 0 . 0 0 . 0 0 . 0 0.0 0 . 0

Tot Nos 38 159 33 174 65 307 776

% 100 100 100 100 100 100 100
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23 In what sorts of way do you display plants in your Garden? Respondents
were asked to tick the 3 most important methods used.

1 Nos 17 84 22 68 33 175 399

% 14 . 9 17.6 22 . 2 39.1 16.1 19 . 0 17.1

2 Nos 9 70 8 60 17 65 227
Oy'O 7 . 9 14 .7 8 .1 34 . 5 8.7 7.1 9 . 8

3 Nos 2 8 1 11 1 41 64
Oy'O 1.6 0.2 1.0 6.3 0 . 5 4.5 2.7

4 Nos 14 39 10 73 11 114 261

% 12 .3 8 . 2 10 . 1 42 . 0 5.6 12 .4 11.2

5 Nos 13 38 5 52 23 131 262

% 11.4 8.0 5.1 29 . 9 11. 8 14 .2 11.3

6 Nos 14 70 11 96 35 136 362

% 12 .3 14 .7 11.1 55 . 2 17.9 14 .8 15.5

7 Nos 9 62 12 45 22 81 231
O,
'o 7.9 13 . 0 12 .1 25.9 11.3 8 . 8 9 . 9

8 Nos 5 19 11 11 15 34 95

% 4.4 4 . 0 11.1 6.3 7.7 3.7 4 .1

0 Nos 31 59 19 97 23 112 341

% 27 . 2 11.9 19 . 2 55.7 11.8 12 .2 14 . 6

99 Nos 0 30 0 9 15 32 86

% 0 . 0 6 . 3 0 . 0 5.2 7.7 3 . 5 3.7

Tot Nos 114 477 99 522 195 921 2328

% 100 100 100 100 100 100 100

24 Do you have a stated policy on the cultivation of rare, threatened or

endangered plants ?

Q24 Yes
%

No

0

99

Tot

Nos 32

84 .2

Nos 5

% 13 . 2

Nos 1

% 2 . 6

Nos 0

% 0 . 0

Nos 38

% 100

55 13

34 . 6 39.4

94 19

59 .1 57 . 6

10 1

6.3 3 . 0

0 0

0.0 0 . 0

159 33

100 100

109 33

62 . 6 62 . 6

58 29

33 .3 44 . 6

7 3

4 . 0 4 . 6

0 0

0 . 0 0 . 0

174 65

100 100

132 374

43 . 0 48.5

155 360

50.5 46.4

20 42

6.5 5.4

0 0

0 . 0 0.0

307 776

100 100
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25 If you cultivate rare, threatened or endangered plants for what purposes
do you hold them?
i If none were cultivated respondents were asked to indicate this by
ticking the appropriate box at the start of the table.

None Nos 4 26 7 21 7 33 98

% 10.5 16.421 .2 12 .1 10 . 8 10.7 12 . 6

0 Nos 34 133 26 153 58 274 678

% 89.5 83 . 6 78.8 87 . 9 89.2 89.3 87.4

99 Nos 0 0 0 0 0 0 0

% 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0

Tot Nos 38 159 33 174 65 307 776

% 100 100 100 100 100 100 100

ii If these plants were cultivated repondents were asked to tick as many

boxes as appropriate: the "Nos" row therefore indicates the number of
respondents replying positively to each statement.

Q25ii 1 Nos 22 51 13 77 41 115 319

% 57.9 38.3 50.0 50.3 70.7 42 . 0 47 .1

2 Nos 24 89 16 112 45 147 433

% 63 . 2 66 . 9 61.5 64 .4 77 . 6 53 . 6 63 . 9

3 Nos 24 58 15 98 33 125 353

% 63 . 2 43 . 6 57 . 7 56.3 56.9 45.6 52 .1

4 Nos 23 96 18 88 47 190 462

% 60 . 5 72.2 69.2 50 . 6 81.0 69.3 68 . 1

5 Nos 3 13 1 3 8 12 40

% 7.9 9.8 3 . 8 1.7 13 . 8 4.4 5.9

26 Is your Garden involved in any of the following conservation-linked
activities ?

Q26a Yes Nos 17 53 12 62 30 107 281

(Seed banks) % 44.7 33 . 3 36.4 35.6 46.2 34 . 9 36.2

No Nos 14 92 12 77 26 159 380

% 36.8 57 . 9 36.4 44 . 2 40.0 51.8 49.0

0 Nos 7 14 9 35 9 41 115

'o 18.4 8 . 0 27.3 20.1 13 . 8 13 .4 14 . 8

99 Nos 0 0 0 0 0 0 0

'<3 0.0 0.0 0 . 0 0 . 0 0 . 0 0.0 0 . 0

Tot Nos 38 159 33 174 65 307 776
<V
'o 100 100 100 100 100 100 100
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Q26b

(Distribution)

Yes Nos 19 66 7 111 39 168 410

% 50 . 0 41.5 21.2 63 . 8 60 . 6 54 .7 52 . 8

No Nos 13 80 18 38 18 105 272

5 34 .2 50.3 54 . 5 21.8 27.7 34 .2 35.1

0 Nos 6 13 8 25 8 34 94
Oy'O 15.8 8.2 24 . 2 14 .4 12 . 3 11.1 12 .1

99 Nos 0 0 0 0 0 0 0

% 0.0 0.0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0

Tot Nos 38 159 33 174 65 307 776

% 100 100 100 100 100 100 100

26c

(Propagation)

Yes Nos 21 86 21 112 43 205 488

% 55.3 54 .1 63 . 6 64 .4 66.2 66 . 8 62 . 9

No Nos 10 60 5 37 15 75 202
Oy'O 26.3 37.7 15.2 21.3 23 . 1 24 .4 26.0

0 Nos 7 13 7 25 7 27 86
Oy"© 18 .4 8.2 21.2 14 .4 10 . 8 8 . 8 11.1

99 Nos 0 0 0 0 0 0 0

•x> 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0

Tot Nos 38 159 33 174 65 307 776

% 100 100 100 100 100 100 100

Q26d Yes Nos 19 38 18 75 30 79 259

(Reintroduction) % 50.0 23 . 9 54.5 43.1 46.2 25.7 33.4

No Nos 14 106 10 71 28 182 411

■X) 36.8 66.7 30.3 40.8 43 . 1 59.3 53 . 0

0 Nos 5 1*5 5 28 7 46 106

% 13 .2 9 .415 2 16.1 10 . 8 15.0 13 .7

99 Nos 0 0 0 0 0 0 0

0 . 0 0 . 0 0.0 0 . 0 0 . 0 0 . 0 0 . 0

Tot Nos 38 159 33 174 65 307 776

% 100 100 100 100 100 100 100

Q26e

(Other)

Yes Nos 9 42 13 33 20 63 180
Os
'o 23 .7 26.4 39.4 19 . 0 30.8 20.5 23 .2

No Nos 9 75 8 49 22 130 293

% 23.7 47 .2 24 . 2 28.2 33 . 8 42 .3 37 . 6

0 Nos 20 42 12 92 23 114 303

% 52 .6 26.4 36.4 52 . 9 35.4 37 .1 39.0

99 Nos 0 0 0 0 0 0 0

'o 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0

Tot Nos 38 159 33 174 65 307 776

*■© 100 100 100 100 100 100 100
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27 Is there an entrance fee to your Garden?

Q27 Yes Nos 11 56 13 69 8 105 262

% 28.9 35.2 39.4 37.9 12 .3 34 .2 33 . 8

No Nos 27 98 19 99 55 191 489

% 71.1 61.6 57.6 56.9 84 . 6 62.2 63 . 0

0 Nos 0 5 1 6 2 10 24

'o 0.0 3 .1 3 . 0 3.4 3 .1 3.3 3 .1

99 Nos 0 0 0 0 0 1 1

% 0 . 0 0 . 0 0 . 0 0.0 0 . 0 0.3 0 . 1

Tot Nos 38 159 33 174 65 307 776

% 100 100 100 100 100 100 100

28 Respondents were asked to answer this question only if they had answered
"Yes" to the Question above.

To what extent does the necessity of income from the entry fee
influence your garden designs. In other words, do you have to make the garden
ornamental at the expense of being scientific?

Q28 1 Nos 2 16 1 11 2 25 57

'o 18.2 26.7 7 . 7 13 . 9 25.0 22 . 9 20.4

2 Nos 2 19 3 28 4 31 87

% 18.2 31.7 23 .1 16.9 50 . 0 28.4 31.1

3 Nos 7 25 9 40 2 53 136

% 63 . 6 41.7 69.2 23 . 0 25 . 0 48.6 48.6

0 Nos
o,
'o o

o

o

99 20 95 57 198 (496)

99 Nos 0 0 0 0 0 0 0

'o -o. 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0

Tot Nos 11 60 13 79 8 109 280

'o 100 100 100 100 100 100 100
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29 As the manager or curator of the live plant collections, could you please
give me vour opinion of the following statements as they relate to your Botanic
Garden.

A Not enough use is made of the live plant collections by in house
taxonomic staff

1 Nos 5 22 8 33 3 41 112

*o 13 .2 13 . 8 24 . 2 19 . 0 4 . 6 13 .4 14 .4

2 Nos 9 38 9 61 19 117 253

% 23.7 23.9 27.3 35.1 29.2 38.1 32.6

3 Nos 7 52 3 32 17 58 169

"o 18 .4 32.7 9.1 18.4 26.2 18 . 9 21.8

4 Nos 9 13 4 24 12 31 93

'o 23.7 8.2 12 . 1 13 . 8 18.5 10.1 12 . 0

5 Nos 4 8 2 6 0 6 26

% 10.5 5.0 6 . 1 3 .4 0.0 2 . 0 3.4

0 Nos 4 26 7 18 14 54 123

% 10 . 5 16.4 21.2 10 . 3 21.5 17 . 6 15 . 9

99 Nos 0 0 0 0 0 0 0

% 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0

Tot Nos 38 159 33 174 65 307 776
O,
'o 100 100 100 100 100 100 100

B It is right for the Garden to grow mostly plants that support research

1 Nos 9 10 10 31 2 52 114

% 23 .7 6.3 30.3 17.8 3 .1 16 . 9 14 .7

2 Nos 10 17 5 58 12 84 186

% 26.3 10 . 7 15.2 33.3 18 . 5 27.4 24 . 0

3 Nos 4 43 5 24 14 54 144

% 10.5 27.0 15.2 13 . 8 21.5 17.6 18 . 6

4 Nos 8 51 8 39 21 64 191

•"o 21.1 32 .1 24 .2 22.4 32.3 20.8 24 . 6

5 Nos 3 20 1 8 8 20 60

% 7.9 12 . 6 3 . 0 4 . 6 12 . 3 6.5 7.7

0 Nos 4 18 4 14 8 32 80

% 10 . 5 11.3 12 . 1 8 . 0 12 .3 10 .4 10.3

99 Nos 0 0 0 0 0 1 1

% 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0.3 0.1

Tot Nos 38 159 33 174 65 307 776
Os
'o 100 100 100 100 100 100 100
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C Taxonomic staff don't cafe about the plants in the
traiucii r

Q29C 1 Nos 2 8 3 16 1 15 45

% 5.3 5.0 9 .1 9.2 1.5 4.9 5.8

2 Nos 6 9 3 23 3 35 79

'o 15 . 8 5.7 9 .1 13 .2 4.6 11.4 10.2

3 Nos 2 32 6 36 13 72 161

% 5.3 20.1 18.2 20.7 20.0 32.5 20.7

4 Nos 13 44 9 64 23 84 237

% 34 .2 27.7 27 .3 36.8 35.4 27.4 30.5

5 Nos 10 38 5 14 11 47 125

% 26.3 23 . 9 15 . 2 8 . 0 16 . 9 15 .3 16 .1

0 Nos 5 28 7 21 14 53 128

% 13 .2 17 . 6 21.2 12 .1 21.5 17 .3 16 . 5

99 Nos 0 0 0 0 0 1 1

% 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0.3 0 .1

Tot Nos 38 159 33 174 65 307 776

% 100 100 100 100 100 100 100

D Not enough horticultural research takes place in this Garden

Q29D 1 Nos 9 39 14 35 13 41 151

% 23 . 7 24 . 5 42 .4 20.1 20.0 13 .4 19 . 5

2 Nos 13 58 10 67 21 89 258

% 34.2 36.5 30.3 38.5 32.3 29.0 33.2

3 Nos 6 25 3 22 7 74 137

15.8 15.7 9 .1 12 . 6 10 . 8 24.1 17.7

4 Nos 5 16 2 25 11 45 104
O,
'O 13 .2 10 .1 6.1 14 .4 16.9 14 .7 13 .4

5 Nos "2 7 1 10 3 17 40

'O 5.3 4.4 3 . 0 5.7 4.6 5.5 5.2

0 Nos 3 14 3 15 10 41 86

'o 7.9 8 . 8 9.1 8.6 15.4 13 .4 11.1

99 Nos 0 0 0 0 0 0 0

% 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0

Tot Nos 38 159 33 174 65 307 776

% 100 100 100 100 100 100 100

559



QUESTION RESPONSE NOS/ AFR¬ NTH STH ASIA AUST EUR TOTAL

NUMBER CODE NO. % ICA AMER. AMER. AV %

E Too much money is allocated to catering for public Education, to the
detriment of the plant collections

1 Nos 2 7 3 6 3 10 31

'o 5.3 4.4 9 . 1 3.4 4.6 3.3 4 . 0

2 Nos 3 8 1 21 3 11 47

% 7 . 9 5.0 3.0 12 .1 4 . 6 3 . 6 6.1

3 Nos 7 28 7 28 8 66 144
Os
'o 18 .4 17 . 6 21.2 16 .1 12 .3 21.5 18 . 6

4 Nos 16 65 6 62 31 101 281

% 42 .1 40.9 18.2 35.6 47.7 32 . 9 36.2

5 Nos 6 42 9 34 10 78 179

% 15 . 8 26.4 27.3 19.5 15.4 25.4 23 . 1

0 Nos 4 9 7 23 10 41 94

10 . 5 5.7 21.2 13 .2 15.4 13 .4 12.1

99 Nos 0 0 0 0 0 0 0

% 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0

Tot Nos 38 159 33 174 65 307 776

% 100 100 100 100 100 100 100

F Colourful bedding schemes and artistic designs are irrelevant in this
Garden

1 Nos 3 14 6 27 10 36 96
<A-
'o 7 . 9 8 . 8 18.2 15.5 15.4 11.7 12.4

2 Nos 5 21 2 26 10 49 113

% 13 .2 13 .2 6.1 14.9 15.4 16 . 0 14 .6

3 Nos 7 11 5 27 10 38 98
O,
•"© 18 .4 6.9 15.2 15.5 15.4 12 .4 12 . 6

4 Nos 12 62 8 61 22 96 261

"O 31.6 39.0 24 .2 35 .1 33 . 8 31.3 33.6

5 Nos 9 43 8 15 6 58 139
o,
'o 23.7 27 . 0 24 .2 8.6 9.2 18 . 9 17 . 9

0 Nos 2 8 4 18 7 30 69

% 5.3 5 . 0 12 . 1 10.3 10 . 8 9 . 8 8 . 9

99 Nos 0 0 0 0 0 0 0

% 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0

Tot Nos 38 159 33 174 65 307 776

'o 100 100 100 100 100 100 100
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3 Traditional displays such as rock gardens and mixed borders have no pla
in this Garden

Q29G 1 Nos 7 15 7 27 7 16 79

'o 18.4 9.4 21.2 15.5 10 . 8 5.2 10.2

2 Nos 5 17 5 47 8 35 117

% 13 .2 10.7 15 .2 27 . 0 12.3 11.4 15.1

3 Nos 3 20 5 21 7 31 87

% 7 . 9 12 . 6 15.2 12 .1 10.8 10.1 11.2

4 Nos 10 56 6 44 23 106 245

% 26.3 9 . 8 18.2 25.3 35.4 34 .4 31.6

5 Nos 9 43 5 18 13 89 177

'o 23 .7 27 . 0 15 . 2 10 .3 20.0 29.0 22 . 8

0 Nos 4 8 5 17 7 30 71

% 10.5 5 . 0 15 .2 9 . 8 10 . 8 9 . 8 9 .1

99 Nos 0 0 0 0 0 0 0

% 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0

Tot Nos 38 159 33 174 65 307 776

% 100 100 100 100 100 100 100

H Plants in this Garden should be displayed in features such as habitat
reconstructions/associations, displays of botanical functions or groupings of
similar speciestogether for comparison etc.

1 Nos 11 35 17 62 10 94 229

28 . 9 22 . 0 51.5 35.6 15 .4 30.6 29 . 5

2 Nos 12 61 8 64 32 102 279

% 31.6 38.4 24 .2 36.8 49.2 33.2 36.0

3 Nos 11 26 3 20 9 41 110

% "28.9 16.4 9.1 11.5 13 . 8 13 .4 14 .2

4 Nos 1 20 1 12 4 21 59

% 2 . 6 12 . 6 3 . 0 6 . 9 6.2 6 . 8 7.6

5 Nos 1 7 1 1 3 16 29

'o 2 . 6 4.4 3 . 0 0.6 4 . 6 5.2 3.7

0 Nos 2 10 3 15 7 32 69

% 5.3 6.3 9 . 1 8 . 6 4 . 6 10 .4 8 . 9

99 Nos 0 0 0 0 7 1 1

% 0.0 0.0 0.0 0.0 10 . 8 0.3 0.1

Tot Nos 38 159 33 174 65 307 776

% 100 100 100 100 100 100 100
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PART 4. PUBLIC EDUCATON USE OF LIVE PLANT COLLECTIONS

30 In what ways and to what extent do you use the live plant collections for
formal public education.

Q30a

(Displays)

1 Nos 4 19 7 19 11 65 125

'o 10 . 5 11.9 21.2 10 . 5 16.9 21.2 16.1

2 Nos 14 52 11 50 36 127 290

% 36.8 32.7 33 .3 28.7 55.4 41.4 37.4

3 Nos 15 81 9 94 16 91 306

% 39.5 50 . 9 27.3 54 . 0 24 . 6 29.6 39.4

0 Nos 5 7 6 11 2 24 55

% 13 .2 4.4 18.2 6.3 3 . 1 7 . 8 7 .1

99 Nos 0 0 0 0 0 0 0

% 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0

Tot Nos 38 159 33 174 65 307 776

% 100 100 100 100 100 100 100

Q3 0b 1 Nos 6 25 4 18 5 47 105

(Plant types) % 15.8 15.7 12 .1 10.3 7.7 15 .3 13 . 5

2 Nos 15 62 16 86 48 145 372
O,
•X) 39.5 39.0 48.5 49.4 73 . 8 47.2 47 . 9

3 Nos 13 62 10 60 11 94 250
<3^*■© 34 . 2 39.0 30.3 34 . 5 16 . 9 30.6 32.2

0 Nos 4 10 3 10 1 21 49

% 10.5 6.3 9 .1 5.7 1.5 6 . 8 6 . 3

99 Nos 0 0 0 0 0 0 0

'o 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0

Tot Nos 38 159 33 174 65 307 776

% 100 10 0 100 100 100 100 100

Q3 0c 1 Nos 5 19 -1
1 26 8 47 106

(Lectures & dems) % 13 .2 11.9 3 . 0 14 . 9 12 .3 15 .3 13 . 7

2 Nos 14 73 20 81 45 134 367

% 36.8 45.9 60 . 6 46.6 69 .2 43 . 6 47.3

3 Nos 15 57 8 60 9 106 255

% 39.5 35.8 24 . 2 34.5 13 . 8 34 .5 32 . 9

0 Nos 4 10 4 7 3 19 47

% 10.5 6.3 12 . 1 4.0 4 . 6 6 . 2 6 .1

99 Nos 0 0 0 0 0 1 1

% 0 . 0 0 . 0 0 . 0 0 . 0 0.0 0 . 3 0 . 1

Tot Nos 38 159 33 174 65 307 776
Os
'o 100 100 100 100 100 100 100
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QUESTION RESPONSE NOS/ AFR¬ NTH STH ASIA AUST EUR TOTAL

NUMBER CODE NO. % ICA AMER. AMER. AV %

Q3 0d 1 Nos 13 55 11 48 11 132 270

(By info boards) 'O 34 .2 34 . 6 33.3 27.6 16.9 43 . 0 34 .8

2 Nos 15 70 12 78 43 113 331

% 39.5 44 . 0 36.4 44.8 66.2 36.8 42.7

3 Nos 5 20 4 34 7 27 97
O,
'o 13 .2 12.6 12.1 19.5 10.8 8 . 8 12 .5

0 Nos 5 14 6 14 4 34 77
O, 13 .2 8 . 8 18 .2 8 . 0 6.2 11.1 9.9

99 Nos 0 0 0 0 0 1 1

% 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0.3 0.1

Tot Nos 38 159 33 174 65 307 776

'o 100 100 100 100 100 100 100

Q30e 1 Nos 0 7 0 6 1 20 34

(Other) % 0.0 4.4 0 . 0 3.4 23 .1 6.5 4 .4

2 Nos 1 8 2 3 5 12 31

% 2.6 5 . 0 6 .1 1.7 50 . 8 3 . 9 4 . 0

3 Nos 0 13 3 1 5 16 38

'o 0.0 8.2 9 .1 0.6 20.0 5.2 4 . 9

0 Nos 37 131 28 164 54 259 673

% 97 .4 82 .4 84 .4 94 .3 6.2 84 .4 86.7

99 Nos 0 0 0 0 0 0 0

% 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0

Tot Nos 38 159 33 174 65 307 776

% 100 100 100 100 100 100 100

31 Are your staff involved in plant acquisition policy or

layouts/designs within the Garden ?

Q3 la 1 Nos 12 29 10 17 15 62 145

(Acquisition) % 31.6 18.2 30.3 9.8 20.0 20.0 18 .7

2 Nos 13 66 12 81 33 121 326

% 34.2 41.5 36.4 46.6 47.7 39.4 42.0

3 Nos 8 55 6 68 13 99 249
'o 21.1 34 . 6 18 . 2 39.1 21.5 32.2 32 . 1

0 Nos 5 9 5 8 4 25 56

% 13 .2 5.7 15.2 4 . 6 10 . 8 8 .1 7.2

99 Nos 0 0 0 0 0 0 0

% 0 . 0 0 . 0 0 . 0 0 . 0 0.0 0 . 0 0 . 0

Tot Nos 38 159 33 174 65 307 776
O,
'o 100 100 100 100 100 100 100
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QUESTION RESPONSE NOS/ AFR- NTH STH ASIA AUST EUR TOTAL

NUMBER CODE NO. % ICA AMER. AMER. AV %

Q3 lb

(Designs)

1 Nos 14 24 9 24 13 68 152
% 36.8 15.1 27.3 13 . 8 20 . 0 22.1 152

2 Nos 11 73 11 104 31 114 344
Oy'O 28.9 45.9 33.3 59.8 47.7 37.1 44 .3

3 Nos 6 51 7 33 14 90 201
% 15.8 32 .1 21.2 19 . 0 21.5 29.3 25.9

0 Nos 7 11 6 13 7 35 79

% 18.4 6.9 18.2 7 . 5 10 . 8 11.4 10.2

99 Nos 0 0 0 0 0 0 0

% 0 . 0 0.0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0

Tot Nos 38 159 33 174 65 307 776

% 100 100 100 100 100 100 100

32 Are any areas of your Garden laid out with public education as the

primary purpose?

1
Q32 Yes Nos 19 106 15 123 40 178 481

'o 50.0 66.7 45.5 70.7 61.5 58.0 62.0

No Nos 17 47 15 47 24 116 266
Oy"O 44 .7 29.6 45.5 27 . 0 36.9 37 . 8 34 .3

0 Nos 1 6 3 4 1 13 28
Oy 2 . 6 3 . 8 9 .1 2.3 1.5 4 . 2 3 . 6

99 Nos 1 0 0 0 0 0 0

% 2 . 6 0.0 0 . 0 0 . 0 0 . 0 0 . 0 0.1

Tot Nos 38 159 33 174 65 307 776
S' 100 100 100 100 100 100 100

33 If "Yes" to Question 32, please estimate very approximately the
whole Garden given over to public education.

of the

Q33 1 Nos 7 34 4 12 6 4 6 109

% 31.8 32.3 23 . 5 10 . 3 15 . 8 26.6 23 .1

2 Nos 1 16 4 21 4 27 73

% 4 . 5 15.2 23 . 5 17 . 9 10 . 5 15 . 6 15 . 5

3 Nos 3 18 4 30 9 29 93

% 13 . 6 17.1 23.5 25.6 23.7 16.7 19.7

4 Nos 2 18 3 27 11 35 96

'o 9 .1 17.1 17.6 23 .1 28.9 20.2 20.2

5 Nos 9 19 2 2.7 8 36 101

% 40.9 18 .1 11. 8 23 .1 21.1 20.8 21.4

0 Nos

%

(16) (54) (16) (57) (27) (134) (304)

99 Nos 0 0 0 0 0 0 0

% 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0

Tot Nos 22 105 17 117 38 173 472
100 100 100 100 100 100 100
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QUESTION RESPONSE NOS/ AFR¬ NTH STH ASIA AUST EUR TOTAL

NUMBER CODE NO. % ICA AMER. AMER. AV %

34 How do you rate the importance of the live plant collections in your

Garden as a useful aid to your public education programmes compared to other

resources ?

Q34a 1 Nos 29 130 20 145 48 220 592

(Live plants) % 76.3 81.8 60.6 83 .3 73 . 8 71.7 76.3

2 Nos 0 12 3 6 8 18 47

% 0.0 7.5 9 .1 3.4 12 .3 5.9 6.1

3 Nos 2 2 1 8 4 9 26
O,
'o 5.3 1.3 3 . 0 4 . 6 6 . 2 2.9 3.4

4 Nos 1 1 1 0 2 11 16

% 2.6 0 . 6 3 . 0 0 . 0 3.1 3 . 6 2.1

5 Nos 3 6 2 0 0 14 25

% 7.9 3 . 8 6 . 1 0.0 0 . 0 4 . 6 3.2

0 Nos 3 8 6 15 3 35 70

% 7.9 5.0 18.2 8 . 6 4 . 6 11.4 9 . 0

99 Nos 0 0 0 0 0 0 0

% 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0

Tot Nos 38 159 33 174 65 307 776

% 100 100 100 100 100 100 100

Q34b 1 Nos 3 3 4 5 7 22 44

(Exhibits) 'o 7.9 1.9 12 . 1 2.9 10 . 8 7.2 5.7

2 Nos 9 27 3 65 11 74 189

-© 23 .7 17.0 9 .1 37 .4 16.9 24 .1 24 .4

3 Nos 10 29 5 35 23. 90 192

'o 26.3 18.2 15.2 20.1 35.4 29.3 24 .7

4 Nos 6 57 4 21 12 42 142

'o .15 . 8 35.8 12.1 12 .1 18.5 13 .7 18.3

5 Nos 2 25 9 20 6 23 85

% 5 . 3 15.7 27.3 11.5 9.2 7.5 11.0

0 Nos 8 18 8 27 6 56 123

% 21.1 11.3 24 . 2 15.5 9.2 18.2 15 . 9

99 Nos 0 0 0 1 0 0 1

% 0 . 0 0 . 0 0 . 0 0.6 0 . 0 0 . 0 0 . 1

Tot Nos 38 159 33 174 65 307 776

% 100 100 100 100 100 100 100
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QUESTION RESPONSE NOS/ AFR¬ NTH STH ASIA AUST EUR TOTAL

NUMBER CODE NO. % ICA AMER. AMER. AV %

Q34c 1 Nos 5 11 4 6 1 31 58

(Audio-visual) % 13 . 2 6 . 9 12 . 1 3.4 1.5 10.1 7.5

2 Nos 10 42 2 29 6 49 138

% 26.3 26.4 6.1 16 .7 9.2 16 . 0 17 . 8

3 Nos 6 35 8 37 10 66 162

% 15 . 8 22 . 0 24.2 21.3 15.4 21.5 20.9

4 Nos 3 34 4 35 28 57 161

% 7.9 21.4 12.1 20.1 43 . 1 18 . 6 20.7

5 Nos 3 23 6 23 11 36 102

% 7 . 9 14.5 18 .2 13 . 2 16 . 9 11.7 13 .1

0 Nos 11 14 9 44 9 68 155

% 28.9 8 . 8 27 . 3 25.3 9.2 22 . 1 20.0

99 Nos 0 0 0 0 0 0 0
Oy 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0

Tot Nos 38 159 33 174 65 307 776
O,
'o 100 100 100 100 100 100 100

Q34d

(Guide books)

1 Nos 1 8 6 11 4 55 91

% 18.4 5 . 0 18 . 2 6.3 6.2 17.9 11. 7

2 Nos 10 42 9 39 31 106 237

% 26.3 26.4 27 . 3 22 .4 47 . 7 34 .5 30.5

3 Nos 5 64 2 52 12 42 177

% 13 . 2 40.3 6 .1 29.9 18 . 5 13 .7 22.8

4 Nos 5 18 6 31 5 37 102

"o 13 .2 11.3 18 . 2 17 . 8 7.7 12.1 13.1

5 Nos 4 12 2 11 7 16 52

% 10.5 7.5 6.1 6.3 10 . 8 5.2 6.7

0 Nos 7 15 8 30 6 51 117

% 18 .4 9.4 24 .2 17 . 2 9.2 16 . 6 15 .1

99 Nos 0 0 0 0 0 0 0
O.
'o 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0

Tot Nos 38 159 33 174 65 307 776

% 100 100 100 100 100 100 100

Q34e

(Other)

1 Nos 0 4 1 0 2 9 16

% 0 . 0 2 . 5 3 . 0 0 . 0 3 .1 2 . 9 2 . 1

2 Nos 1 6 0 3 1 7 18

% 2 . 6 3 . 8 Q. 0 1.7 1 C o n
Z.J 2.3

3 Nos 0 2 0 0 2 2 6

'o 0 . 0 1.3 0 . 0 0 . 0 3 .1 0.7 0 . 8

4 Nos 0 2 0 0 2 3 7

'o 0.0 1.3 0 . 0 0.0 3.1 1.0 0.9

5 Nos 3 7 0 3 2 9 24
Oy'O 7.9 4.4 0 . 0 1.7 3 .1 2.9 3 .1

0 Nos 34 138 32 168 56 276 704

% 89 . 5 86 . 8 96.7 96.6 86.2 90.0 90.7

99 Nos 0 0 0 0 0 1 1

% 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0.3 0 . 1

Tot Nos 38 159 33 174 65 307 776

% 100 100 100 100 100 100 100
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APPENDIX VIII. NAMES AND POSITION OF STAFF INTERVIEWED, ARRANGED BY
INSTITUTION

STUDY TOUR 1. HOLLAND AND GERMANY

HORTUS BOTANICUS, VRTJE UNIVERSITErT, AMSTERDAM
Dr Daan Smit, Curator

LEIDEN UNIVERSITY BOTANIC GARDEN
Dr deKoning, Horti Prefectus
Stans van der Veen, Education Officer

BOTANICAL GARDEN OF THE AGRICULTURAL UNIVERSITY, WAGENINGEN
Dr Aleva, Botanist
Dr Wijnands, Director
Dr Bos, Botanist

BOTANICAL GARDEN OF THE UNIVERSITY OF BONN
Dr Wolfram Lobin, Curator

PALMENGARTEN, FRANKFURT
Dr Zizka, joint Kustos
Mr Breirahorst, Education Officer
Dr Hagemann, Director

BOTANICAL GARDEN OF THE UNIVERSITY OF HOHENHEIM, STUTTGART
Dr Petier Peschke, Botanist/Curator

BOTANICAL GARDEN OF THE UNIVERSITY OF TUBINGEN
Dr Klaus Dobat, Botanist/Curator
Juergen Frantz, Horticulturist

MUNICH BOTANIC GARDEN
Dr Girlach, Orchid taxonomist and Curator
Bert Klein, Orchid technician
Joseph Bogner, Glasshouse plant technician
Prof Dr Grau, Director

BOTANICAL MUSEUM AND BOTANICAL GARDEN BERLIN-DAHLEM

profDr Em, Director
Dr Vogt, head of conservation activities
Dr Leuenberger, Taxonomist
Dr Breitwieser, Public relations and public education

SCHOOL BIOLOGICAL GARDEN, HANNOVER
Dr Reese, Director
Jorg Ledderbogen, Teacher

STUDY TOUR 2. UNITED STATES OF AMERICA

ARNOLD ARBORETUM
Dr Robert Cook, Director
Marcia Mitchell, Manager of Adult Education

GARDEN IN THE WOODS
Judith Sumner, Director of Education
Frances Clark, Assistant Director of Conservation

NEW YORK BOTANICAL GARDEN
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Bob Bartholomae, Manager of Rock Garden and Native Garden
Harts Beck, Institute of Economic Botany
Richard Schnall, Vice President of Horticulture
Mrgaret Falk, Plant Records
Wayne Cahilly, Manager of Grounds/Arboretum

BROOKLYN BOTANIC GARDEN
Judith Zuk, President
Dr Steve Tim, Vice President of Public Education
Dr Tom Delenick, Horticultural Taxonomy
Ed Moulin, Director of Horticulture

NATIONAL ARBORETUM, WASHINGTON
Dr Allan S toner, Deputy Director
Sylvester March, Gardens Unit Leader
Dr Frank Santamour, Research Geneticist
Dr Edward Garvey, Germplasm Unit Leader,
Peter Mazzeo, Botanist
Joan Feely, Curator Native Plant Collection
Erik Neumann, Education Unit Leader

MORRIS ARBORETUM OF THE UNIVERSITY OF PENNSYLVANIA
Paul Meyer, Director
Rick Lewandowski, Head of Horticulture
Melinda Adams, Section Head, English Park

NORTH CAROLINA BOTANICAL GARDEN
Charlotte Jones-Roe, Ass. Dir. for Cons, and Development
Peter White, Director

NORTH CAROLINA ARBORETUM

George Briggs, Executive Director
Rich Owings, Horticulture
Eden Foster, Director of Education
Steve Eidson, Landscape and Facilities Manager
Allison Arnold, Gardener and Volunteer Co-ordinator

ATLANTA BOTANICAL GARDEN
Alston Glen, Executive Director
Ron Determann, Superintendent
Cindy Reittinger, Education Manager
Mildred Pinell, Horticulturist

BOK TOWER GARDEN
Dr Jonathan Shaw, President
David Price, Director of Horticulture
Patricia Martin, Curator of Education

MARIE SELBY BOTANICAL GARDEN

Harry Luther, Bromeliad Botanist

FAIRCHILD TROPICAL GARDEN
Anne Parsons, Chair of Education
Dr Richard Campbell, Curator of Tropical Fruit
Sue Catz, Nursery Manager
Nick Cockshutt, Director of Publications
Dr Larry Noblick, Montgommery Foundation Post Doctoral Fellow
Dr Kit Kernan, Conservation Biologist
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DESERT BOTANICAL GARDEN, PHOENIX
Liz Ecker, Curator
Lynda Kozak, Research Horticulturist for Rare Plants and CPC
Wendy Hodgson, Research Botanist and Curator of Herbarium
Ruth Greenhouse, Exhibitions Co-ordinator (within Ed Dept)

ARIZONA-SONORA DESERT MUSEUM
Dr Tom van Devender, Researcher
Tom Wilson, Botanist

RANCHO SANTA ANA BOTANIC GARDEN
Dr Tom Elias, Director
Dr Sreve Boyd, Head of Herbarium
Bart O'Brien, Head of Horticulture
Dr Loren Riesberg, Research Scientist
Linda Whitaker, Volunteer Co-ordinator and Ass to head of Ed

HUNTINGTON BOTANICAL GARDENS
Dr Jim Folsom, Director,
Kathy Muspal, Curator of Living Collections

UNIVERSITY OF CALIFORNIA BOTANICAL GARDEN, (BERKELEY)
Dr George Rogers, Director
Daniel Campbell, Manager
Dr Carol Baird, Education Co-ordinator
Nancy Swearengen, Education Assistant
Holly Forbes, Assistant Curator

STRYBING ARBORETUM
Dr Barbara Keller, Plant Collections Manager
Bob Hyland, Director of Education

BERRY BOTANIC GARDEN
Dr LindaMcMahan, Executive Director
Dr Ed Guerrant, Conservation Director

MISSOURI BOTANICAL GARDEN
Dr David Brunner, Head of Herbarium
Dr Mick Richardson, Head of Grad. Prog. & Interim Head of CPC
Larry DeBuhr, Head of Education
Boyce Tankersley, Deputy Head of Horticulture
Sheila Kilgore, Public Relations Manager of CPC

CHICAGO BOTANIC GARDEN

DrRoy Taylor, Director
Dr Tom Antonio, Research
Lynette von Allman, Plant Evaluation Assistant
Don Brennan, Plant Introduction Co-ordinator
Gallen Gates, Manager of Horticultural Collections
Sue Brogden, Director of Education
Kris Jarantoski, Deputy Director

MORTON ARBORETUM
Dr Gerard Donnelly, Director
Peter van der Linden, Curator of Plant Collections
DrWilliam Carvell, Curator of Adult Education
DrWilliam Hess, Curator of Herbarium
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STUDY TOUR 3. INDIA AND SRI LANKA

BOTANICAL GARDEN OF THE INSTITUTE OF SCIENCES, BOMBAY
Dr K.V. Hippalgaonkar, Head of department
C.S. Lattoo, Senior Lecturer

BURDWAN UNIVERSITY BOTANIC GARDEN
Dr P.K. Bhattacharyya, Director (& others)

INDIAN BOTANIC GARDEN, CALCUTTA
Dr R.K. Chakravarty, Director (& others)

LALBAGH GARDENS, BANGALORE
A Narayanaswamy, Deputy Director of Horticulture
S Puttaswamy, Joint Director of Horticulture
Mr Umesh, Librarian
D. Halalingaiah, Assistant Horticultural Officer

BOTANIC GARDEN AT THE UNIVERSITY OF AGRICULTURAL SCIENCES, BANGALORE
Names unknown

GOVERNMENT BOTANIC GARDENS, OOTACAMUND
Mrs M. Jothimani
J Sevanan

ROYAL BOTANIC GARDENS, PERADEMYA
D.B. Sumithraarachchi

HAKGALA BOTANIC GARDENS
H. Peramunugama

GAMPAHA BOTANIC GARDENS
Mrs K. Weerasekara
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APPENDIX IX. STATISTICS

i. Hypothesis: there is no difference (based on language)
who replied and those who did not.

Replied No Reply Total

1. German 71 16 87

46.34 40.66

2. English 471 423 894

476.19 417 .81

3. French 68 53 121

64.45 56.55

4. Spanish 39 69 108

57 .53 50.47

5. Portguese 11 14 25

13 .32 11.68

6. Chinese 31 27 58

30 .89 27 .11

7. Russian 84 78 162
86 .29 75.71

Total 775 680 1455

ChiSq = 13.123 + 14.956 +

0 . 056 + 0.064 +

0.196 + 0 .223 +

5.966 + 6.800 +

0.403 + 0.459 +

0.000 + 0.000 +

0.061 + 0.069 = 42.376

df = 6

ii. Hypothesis : there is no difference between the German

reply rate.

Replied No Reply Total

1. German 71 16 87

58.14 28.86

2. French 68 53 121
80.86 40.14

Total 139 69 208

ChiSq = 2.845 + 5.731 +

2 . 045 + 4.120 = 14.742

df = 1

iii. Hypothesis: there is no difference between the Spanish and
Portuguese reply rate.
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Replied No Reply Total

1. Spanish 39 69 108
40.60 67.40

2. Portuguese 11 14 25
9.40 15.60

Total 50 83 133

ChiSq = 0.063 + 0.038 +
0.273 + 0.164 = 0.539

df = 1

iv. Hypothesis: there is no difference between the Chinese and Russian
reply rate.

Replied No Reply Total

1. Chinese 31 27 58

30.32 27.68

2. Russian 84 78 162

84.68 77.32

Total 115 105 220

ChiSq = 0.015 + 0.017 +
0.005 + 0.006 = 0.044

df = 1

v. Hypothesis: there is no difference between the German and English
reply rate.

Replied No Reply Total

1. German 71 16 87

48.07 38.93

2. English 471 423 894
493.93 400.07

Total 542 439 981

ChiSq =: 10.941 + 13.508 +
1.065 + 1.315 = 26.829

df = 1

vi. Hypothesis: there is no difference between the English and non-

English language reply rate.

Replied No Reply Total

1. English 471 423 894
476.19 417.81

2. Non-English 304 257 561
298.81 262.19
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Total 775 680 1455

ChiSq = 0.056 + 0.064 +
0.090 + 0.103 = 0.313

df = 1

vii. Hypothesis: there is no difference between the European and non-

European language reply rate.

Replied No Reply Total

1. European 660 575 1235
657.82 577.18

2. Non-European 115 105 220
117.18 102.82

Total 775 680 1455

ChiSq = 0.007 + 0.008 +

0.041 + 0.046 = 0.102

df = 1

viii. Hypothesis: there is no difference between the reply rate of those
countries who have English as a first language as opposed to those who
use English as a second language.

Replied No Reply Total

1. 1st Language 248 183 431
219.93 211.07

2. 2nd Language 224 " 270 494
252.07 241.93

Total 472 453 925

ChiSq = 3.584 + 3.734 +
3.127 + 3.258 = 13.702

df = 1
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