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一、目的
二十世紀末以來，發展了許多植物保育的新技術，無論是生態學、保育生物學、分子生物學、植物的引種、生育地的經營與復育等各方面都有了更完整的理論基礎；根據IUCN估計至1999年，在全球植物園內，蒐集有超過4,000,000株，80,000種的活体植物，這大約佔了全球已知名稱植物的1/3。這些植物包括了極大的多樣性，例如蘭花、多肉植物、棕櫚科植物、球莖(根)植物、裸子植物、許多的瀕危植物、及數以萬計的經濟植物如果樹與藥用植物等；此外還包括種子庫與標本館，其內分別貯存有豐富的種子與植物乾燥標本。另方面，據統計全球植物園每年約有一億五千萬的參觀人數，因此全球植物園無不費盡心思，利用其資源，使參觀民眾瞭解生物多樣性的保育及永續利用如何關係著人類的生存；再加上全球網路的發展，雖然傳統的分類學與植物培育仍是生物多樣性保育的最主要與實際的工作，但新的面相思考無疑已成為二十一世紀全球植物園極需面對的生物多樣性保育課題。綜此，植物園無疑已成為全世界執行生物多樣性公約的最佳場所。
自然資源保育是國家的重點政策之一，尤其是在強調生物多樣性議題的年代，國家的資源保育政策，攸關整體自然環境的保存與否，執行適當的保育政策，才能維護國家自然資源的完整性和永續性。植物園的成立即可承擔此一責任，因植物園具有就地(In situ)和遷地保育(Ex situ conservation)的功能，除可保育稀有和瀕危植物，針對重點保育植物加強研究，也可保育完整生態系，提供適合的棲地。植物園的種源蒐集和保育研究，是國家重要保育政策的參考依據，最重要的是未來植物園必須完全承擔起保種或瀕危與野外已滅絕植物的復育工作，並且執行國家交付之保育政策。
全世界僅有少數的國家沒有植物園，有許多植物園目前正在興建中，而且都支持野生植物多樣性的保育策略，並使這些植物園成為植物資源中心。而更多已有歷史的植物園，更積極發展其植物多樣性的保育功能，並將保育與教育定為其最優先執行的方案，以確定能妥善的實施植物多樣性的保育。
植物園也是一個國家進步的象徵，越是進步的國家，越重視植物園的設置和管理，目前全世界植物園密度最高的地區分佈於歐美地區，這些地區也是全球經濟活動最高度發展的區域，也是最文明的區域。台灣在經過多年的高度經濟發展之後，也已逐建重視植物園。若能透過參與各種國際研討會，與國際組織接軌，並與各國進行交流和合作，參與或共同執行世界性保育計畫，當可提升台灣的國家形象、國際能見度和重要性。
國際植物研討會每六年舉辦一次，該會聚集了全世界的植物學者，正是台灣向世界發聲的重要場所。本演講即以台灣的福山植物園為題，向全世界介紹台灣植物園在生物多樣性保育的方法、努力與成果。
二、過程
(1) 行程
	日期
	行程地點
	工作內容

	94年7月15日~16日
	台北→維也納
	行程

	94年7月17日~ 23日
	維也納
	研討會。

	94年7月24日
	維也納
	標本館參訪研究

	94年7月25日~26日
	維也納→台北


	返程。




(2) 會議內容
研討會共有14大主題(228小子題)，特別參與的是「植物園Botanical garden」。該子題由三個世界性組織(世界植物園保育協會Botanical Gardens Conservation International, BGCI、植物園國際協會The International Association of Botanic Gardens, IABG、及國際植物交換網International Plant Exchange Network,IPEN)，介紹目前世界植物園的任務驅勢及網絡合作，另挑選全世界4個植物園(台灣的福山植物園與科博館植物園、中國的南京植物園、英國的邱園)，介紹其任務與成果，的內容簡述如下：
｢全球植物園的過去、現在與未來The past, present, and future of botanic gardens｣：全球植物園建立的目標，早期歐洲殖民時代以教學研究及經貿考量為主，今日則已轉變為以生物多樣性保育及永續利用為主要之任務與目標。全世界植物園至今在世界植物園保育協會(BGCI)登錄的已有167個國家，2,400個植物園。由BGCI發展出來的的The International Agenda for Botanic Gardens in Conservation提供了全球各植物園「減低生物多樣性流失」的共同目標；此外，透過BGCI「全球植物保育策略Global Strategy for Plant Conservation, GSPC」，也建立並協助全球各植物園扮演生物多樣性保育與永續利用的角色及交流的管道，使達成此世紀任務的目標更為可行。
「植物園國際協會,IABG」是另外一個全球植物園網絡工作的平台，與世界植物園保育協會不同的是它並不招募會員，除了植物保育外，它也擔負自然與文化襲產的保存任務。在此次研討會中，它提出「世界植物園日」的構想，雖未有結論，但獲得極大的迴響及與會者的一致支持。
基於國際植物保育的議題上，國際間植物的交換是必然的，國際植物交換網IPEN即在建立國際間此種交換的技術與秩序，透過植物園進行此種工作以達到保育目的是一國際驅勢。
代表性植物園之介紹中，英國邱園以楝科植物為例，說明其在保育上之成果與困難，包括基礎之分類研究、植物園之蒐集與記錄、野外族群之調查、紅皮書上稀有瀕危程度等級之評估、及保育方針之擬定等。中國之南京植物園以中國紅豆杉(Taxus chinensis)為例，展示該園對此物種在區外保域之成果。台灣科博館邱少婷博士則展示該館植物園自開館已來的蒐藏與展示教育成果；本人以「福山植物園的行動方案 － 築夢生物多樣性」為題(全文參附錄)，介紹林業試驗所經營之福山植物園，自緣起、SWOT分析、任務、目標、發展出之行動方案、及據以達到之成果，分享與會植物學者，所有之主軸係以生物多樣性公約為精神，與目前全球植物園之任務契合，獲得與會學者之一致肯定。
三、心得及建議
(1) 心得
1. 植物園在植物保育扮演的角色主要可以從兩方面探討，一為促進民眾的認知(教育)，另一為保育相關議題的執行(實現)。由國際組織如華盛頓公約(CITES)及生物多樣性公約(CBD)所發起的保育議題包括植物科學、社會需求、到政策決定等，植物園都是進行這些事項的最佳場所，全球各大小植物園已對此有所共識。台灣植物園之經營目前雖尚未能如其它已開發國家之植物園如此完善，但已有所起步，透過這次大會，已將台灣之植物園推向國際舞台，今後之責任勢將更為重大。

2. 植物園的經營屬於專業領域，各國有鑑於此，紛紛將原來隸屬於政府較下層單位的植物園提升為國家植物園。在歐洲，植物園的先進國家英國，已擁有世界著名的邱皇家植物園、愛丁堡皇家植物園外，尚於2000年成立威爾斯國家植物園；愛丁堡植物園及所屬之分園也於近年內提升為愛爾蘭國家植物園；邱皇家植物園近年亦加入威克分園，擴增其種子研究及自然保育之功能，雖無國家植物園之名，卻是以國家植物園的規模、經費經營。正式成立國家植物園的國家尚有比利時、愛爾蘭、拉脫維亞等；正在成立國家植物園的國家，尚有瑞士、西班牙、葡萄牙等。美國則除了現有的紐約植物園、密蘇里植物園等聲譽卓著的植物園之外，在華盛頓特區設置有國家植物園及國家樹木園，在植群生態極特殊之夏威夷州設立有四處佛羅里達設一處國家熱帶植物園。澳洲的情形亦然，在現有的數座皇家植物園之外，又設有澳洲國家植物園。可見在植物園經營先進的現代化國家，都體認到植物園的重要性，將植物園提昇到國家級的地位。台灣地小人稠，設立國家植物園是順應世界潮流之驅識，以此整合各零散之植物園，當更能達到整體效應，發揮植物園之功能，完成國家的保育政策。
3. 本次研討會結束後，順到參訪奧地利國家標本館。該館館藏4,000,000份，並有大量之模式標本，為植物分類研究之重要據點。本次之參訪即發現有與台灣植物誌相關之蕨類模式標本，並拍得照片，供國內後續之研究。標本館標本之保存除供分類研究，目前更被做為植物遷徙及植物入侵之歷史記錄，增加了其應用價值；此種歷史記錄亦呈現在台灣目前的標本館，近年多篇SCI文章即據此材料發表。在分子生物日益進步的今天，台灣標本館卻相對受到漠視，在可預見的將來，這已成為植物鑑定、植物誌、系統分類、植物入侵等科學的隱憂。標本館內無可替代的標本，實為國家之珍藏，政策上應予支持。

(2) 建議

1. 生物多樣性的保育與永續利用已成為全球的重視議題，相關的政策擬定與研究之進行刻不容緩。

2. 植物園為生物多樣性保育之搖籃，應該受到更多之重視與支持。六年舉辦一次的國際植物園研討會已第二次將「植物園」的議題納入其主題，可見其受到全世界重視之程度。台灣植物園在執行生物多樣性公約所扮演的角色應更積極。
3. 國家植物園之成立可整合台灣目前分散之各植物園，發揮植物園之最大功能。民國八十年五月，行政院第十二次科技顧問畢乃曼博士即提出設立國家植物園的建議，認為設立國家植物園可樹立活的及永續性的植物種源保存基地，並作為資源研究中心，同時發揮教育、休閒、觀光、旅遊、科技研究、國際合作交流等效能。
4. 系統分類學之研究為生物多樣性保育與利用之基礎，標本館的經營管理更為系統分類學的基礎，館藏標本也是植物誌編撰的材料依據，因此全世界較具規模的植物園所均設有標本館。台灣位處植物區系交會帶，週邊植物資源豐富，若能聚焦以東亞地區植物為蒐集重點，應可成為東亞地區重要標本館之一。以Montpelliev為例，其於60年間自寥寥無幾的標本，全力成為全球10大之標本館，台灣的標本館若能得到充份的支持，成為全球主要標本館之一應指日可待。
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Developing an action plan for Fushan Botanic Garden

--- A dream for people who appreciate biodiversity

Wen-Liang Chiou

Taiwan Forestry Research Institute
Abstract

The Fushan Botanic Garden (FBG) is established mainly for conservation, education, and research. To achieve its objectives, this action plan has been developed by using SWOT (strengths, weaknesses, opportunities, threats) analysis. To achieve the conservative objectives, FBG should enhance the communication with the local government and aboriginal people; assist the government to design a buffer zone surrounding reserve area; monitoring populations of vulnerable plants; prioritize, collect, grow, and display the conserved plants; integrate the in and ex situ conservation actions. To achieve the education objectives, FBG should enhance the volunteer’s organization; train the guiders of travel agencies; promote the awareness of the importance of biological diversity to visitors, students, teachers, policy makers, and staffs through plant display, proper interpretation, and symposium or workshop; involve school teachers and experts to develop adequate education programmes. Network and more research are needed to achieve both conservation and education objectives. During the development and implementation of the action plan, all staff should be trained and participate through the time. The action plan should also be evaluated after a period of time to ensure their feasibility.

I. Introduction:

Botanic gardens have played significance roles in science, conservation, education, cultural development over the ages. There are more than 1,800 botanic gardens and 265 of them are situated in Asia (Wyse Jackson & Sutherland, 2000). In Taiwan, less than ten botanic gardens are in good management condition, and most of them are under the auspices of Taiwan Forestry Research Institute (TFRI).

The Fushan Botanic Garden (FBG), located in northeastern Taiwan and occuping1097 hectares, was established in 1990 and opened to the public in 1992. Conservation, research, and education are the main emphasis of its operation. FBG is situated in the natural mountain with the elevation range from 400 to 1400 meter. The weather is warm and humid with an annual average temperature of 18.6oC, an annual precipitation of 3500 mm, and an average relative humidity of 98%. There are about 600 native vascular plants in FBG. Abundant epiphytes characterized the forest, due to the high humidity. Approximate 700 species animals, including two third of insects, in FBG have been recorded (Doong & Li, 2000).

Three divisions, i. e., water resource reserve, Ha-pen nature reserve, and the garden, have been designed in approximately equal area. The garden division retains most of the natural forest for research and in situ conservation and opens 30 hectares for exhibiting the plant collection to the public tourism and education. In addition, FBG is the first site of long term ecological research (LTER) in Taiwan. Since 1992, each year about 20 research projects, investigating the composition, monitoring, dynamics, and nutrient cycling of the forest, have been implemented by scientists of various institutes. A long term, large scale 25 ha sampling plot has just been established in collaboration with the Smithsonian Institute. The first evaluation is planned to be finished within 2 years. This is the first large scale plot of sub-temperate forest in the world.

The layout of the plant collection is based on a plant systematic system by which plants are divided into Pteridophyte, Gymnospermae, Polypetalae, Sympetalae, Ericaceae, and Bambusa sections. There are also sections of useful plants, aquatic plants, and natural vegetation. 
In order to preserve some threatened or endangered species, FBG have built a specific division to raise them. However, the priority of these preserved plants need to be evaluated. Some of these preserved plants gathered and grown in the display area for education also functions as the ex situ conservation. In addition, the nature reserve and all the other natural forest are the in situ conservation sites. They offer the best habitat for wildlife growing and living.

To enhance the public awareness of biodiversity and sustainable use of the natural resources, several approaches are undertaken. Welcome and concise interpretation is given to the tourists at the entrance and at the education center. The label in front of each plant displayed introduces the plant’s name, distribution, and utilization, but lacks accession number. Several larger boards set in different divisions present detailed information with illustrations or pictures. An introductory leaflet and two brochures, i. e., ‘The Common Indigenous Plants of FBG’ and ‘The Aquatic Plant Pond’ have been published and provide useful knowledge. The interpretation services comprise both FBG staff and trained volunteers.

To sustainably use this precious resource, the number of visitors has been controlled since the garden opened. Four hundred visitors on each week day and 600 ones on each weekend day are the limitation. Some other limitations, such as no feeding wild animals, no fishing, no trash bin, opening during 9 am to 16 pm daily, closed on each Monday and in each March, etc. are performed in FBG. In summary, FBG is a natural, conservation, and thematic garden based on the classification in the ‘International Agenda for Botanic Gardens in Plant Conservation’ (Wyse Jackson & Sutherland, 2000).
Recognizing the importance of biodiversity and sustainable use of our resources and the pressure of our resources are facing, governments and botanic gardens in the world adopt the Convention on Biological Diversity (CBD) in 1992 as a framework for action (Clearing-house Mechanism, 2002, online; Taylor, 2001). Although Taiwan is not a partnership of CBD, FBG has the responsibility to implement the objectives of CBD, as one of the botanic gardens in the world. Three objectives of the CBD are: 1) the conservation of biological diversity; 2) the sustainable use of the components of biological diversity; and 3) the fair and equitable sharing of the benefits of genetic resources. To access these objectives, particularly the first two, FBG defines its mission as follow.

1. Ensure the conservation and protection of the biodiversity in FBG, both in situ and ex situ, in order to provide available materials for scientific studies, environmental monitoring, and education, and to maintain the genetic resource.

2. Enhance the knowledge of useful plants, and collect, grow and display these plants in order to preserve these gene resources as well as to make peoples’ awareness of biological diversity and sustainable use of plant resources through education programmes. 

3. Co-ordinate and integrate the above issues through research, education, and practical actions.

This report aims to develop an action plan for FBG to implement the mission. The SWOT (strengths, weaknesses, opportunities, threats) analysis (Payne, 1998) is used to develop the action plan.

II. SWOT (strengths, weaknesses, opportunities, threats) analysis

Strengths:

1. A nature reserve has been established for 10 years.

2. A nursery with sufficient water can be used for propagate plants.

3. A specific area is potentially set up for growing rare plants.

4. The display area of the garden also provides a field gene-bank for conserving rare plants.

5. 10 years long term ecological research (LTER) has been done and still continuing – abundant local scientific information.

6. Convenient facilities for researchers: including accommodation, restaurant (not open to the tourisms), internet, laboratory, herbarium, and so on – attract scientists coming to study.

7. National reputation: including unique policies, peaceful environment, easy to see wild animals.

8. Limitation of visitor number – less impact.

9. Most plants are labeled.

10. A good seed bank is managed by TFRI (Taipei) – seeds are easily and efficiently stored.

11. Herbarium is new and small – then we can concentrate on local collection and specific issues, such as seedling specimens which are required by seedling investigation.

12. Financial support for staff salaries from government, although the project budget is unstable.

13. Volunteer system has been established.

Weaknesses:

1. Management skills and mission awareness are lacked for some staffs.

2. No access number on the labels although the access numbers of collections have been kept in documents.

3. The number of volunteers is not enough, and volunteers’ quality is needed to be enhanced, the interpretation is limited in a few places.

4. Lack big trees and so lack sheltering in the display area – young garden.

5. Trees (but small) are dominant, herbs and colorful plants are very few.

6. The most attractive parts are isolated with the landscape and design between them relatively uninteresting.

7. Uneven visitor patterns with large numbers of visitors coming in weekends and relatively fewer visitors in weekdays.*

8. Limitation of visitor number – fewer visitors get benefits.*

9. Less opening time and visitors have very few chances to visit again.*

10. Confliction of visitors and scientists of LTER.*

11. Little is known about the forest dynamic, although the compositions of trees are well known.

12. Little is known about the interaction among plants, animals, and habitats.

13. Lack a record system.

14. Communication between other botanic gardens is weak.

*: No. 7-10 are more related to management and are not deal with in this report.
Opportunities:

Opportunities will increase with the implement of the action plan and decrease the number of weakness described above:

1. The mission, objectives, and activities need be fully understood by the governing bodies and other authorities, local residents, staffs, and visitors.

2. Involve staff in the preparation of the action plan.

3. Volunteers’ and staff’ training – seminar, workshop, and training course.

4. Communication with local government and aboriginal people to prevent from hunting.
5. Devote more attention to monitoring and conservation of plants, both ex situ & in situ.

6. Reevaluate the priority of plants to be preserved ex situ.

7. Publish a plant list (flora) including both the native and introduced species.

8. Consider research potential regarding to biodiversity and conservation.

9. Survey and collect the useful plants (ethnobotany).

10. Establish the record system and initiate the linking with related organizations rather than trying to do it at all alone.

Threats

1. Supervisor, i.e., Council of Agriculture (COA), does not realize the importance of botanic gardens and does not provide proper support.

2. Staff lack awareness of the role of botanic gardens on CBD.

3. Illegal hunting of aboriginal people is very difficult to prevent.

III. Objectives and actions.

1. Conservation objectives:

1.1. Conserve an ecosystem which represents examples of the natural environment, flora, and fauna of northeastern Taiwan – in situ.

Ha-pen nature reserve and the surrounding natural forest occupy over 1,000 hectares and represent an example of the natural ecosystem of northeastern Taiwan. No commercial or recreational harvest and hunting are allowed. This area has become the paradise of wildlife and has provided the most important site for long tern ecological research in Taiwan. The flora has been investigated but the fauna survey has not been completed. Other biological and environmental monitoring has been implemented since 1992. However, due to the traditional culture, aboriginal people often intrude, hunt, fish illegally. Unauthorized collections of medicine herbs occur sometimes. Staff of FBG spend much time to prevent these illegitimate activities but cannot completely stop them. As a consequence, some research materials may disappear unreasonably after long-term monitoring. Thus these illegal activities should be efficiently prevented in order to ensure the preservation of this representative ecosystem.

To achieve this objective (1.1), FBG should:

1.1.1. Enhance the communication with the local government and aboriginal people to make their awareness of the importance of biodiversity. It is not easy to change a traditional custom, but the concept of sustainable use maybe a good convincing reason and worth to try. The aboriginal people may be involved into the conservation works, e. g., patrolling, collecting and growing plants for FBG, by which to improve their economic well-being and lessen the hunting pressure (Aboriginal Directorate, 2002, online) (also see actions 1.1.2 and 1.2.3).

1.1.2. Assist the government to design a buffer zone surrounding the reserve area. This buffer zone could fulfill the aboriginal people’s culture and lessen or even release the hunting in the reserve area. It also provides the area for education and research.

1.1.3. Promote, invite, and collaborate with other institutes to undertake research focusing on the target wildlife’s demography, reproductive biology, and management, in order to provide feasible strategies which ensure the sustainable use of these nature resources. The previous research (LTER) data provide good references for the wildlife management, but more practical management research is necessary and of urgency.

1.1.4. Monitoring populations of vulnerable plants and integrate the ex situ conservation to ensure their sustainable use of plants. No endangered plants are found in this area, but Ficus formosana (Moraceae) (appendix I), a medicine used by local people, is near threatened due to the over-harvest. Thus the populations in situ need to be monitored and protected.

1.1.5. Ensure staff understanding the relevant legislation. In order to successfully implement the above actions, staff of FBG need to clearly understand the related laws. 

1.2.  Ensure the selected plants or seeds/spores to be preserved ex situ and enable them to be sustainable used.

Forest fragmentation, crop grown, resource overused, and climate ill-adapted cause some plants to be threatened with extinction. Many plants have been listed into rare and protected catalogue in Taiwan. Collecting, propagating , and managing selected vulnerable and threaten plants which are able to survive in FBG is one the roles of FBG in terms of ex situ conservation.
To achieve this objective (1.2), FBG should:

1.2.1. Prioritize the conserved target plants. In order to preserve some endangered or vulnerable species, FBG has set up a specific division (about 10 hectares). However, the priority of these preserved plants needs to be reevaluated. Since most botanic gardens in Taiwan are under the auspices of TFRI, FBG is able to work with other botanic gardens, integrate the collection priorities, and initiate Taiwan’s national plant collections (adapted idea from Kent Group NCCPG, 2002, online). The priority candidates and their current status are listed in Appendix I (Chiou, 2002). For the plant with commercial benefit, e. g., Ficus formosana, the natural populations can be conserved by reducing the harvesting pressure on them (Nkefer et al., 1989). For example, FBG could collaborate with other institute(s) to grow them and to fulfil the market requirement. 
1.2.2. Select other collection taxa for display and education. Plants grown for display and education are also one way to achieve conservation objective. Currently over 3000 plants, belong to 441 taxa and 69 families, are grown in the display area, and over 2000 plants, belong to 488 taxa and 95 families, are cultured in the nursery. Most of these collections are trees and shrubs. The herb collection will increase the amenity of botanic garden as well as the education role. Other thematic collections, e. g., epiphytes which are adapted in this humid habitat, are necessary and their priorities need be considered.

1.2.3. Implement the research and plant collection of ethnobotany. Clear knowledge of plant usages and their affiliation to human’s daily life, through the exhibition and interpretation of plant collection in the botanic garden, is the most influential way to promote the awareness of the sustainable use and conservation of our plant resources. The undertaking of research needs to associate with and build intimate relationship with the aboriginal people. This is also an opportunity to educate and prevent them from illegal hunting of wild animals and plants.

1.2.4. Store seed collections in the seed bank in the headquarter of TFRI. Seeds and spores of some species with potential restoration, commercialization or research are worth storing. The seed/spore collections should be sent to the seed bank of TFRI to deposit for further use.

1.2.5. Collecting and identifying specimens of seedlings. One of the problems of the forest dynamic research is a lack of knowledge of seedling morphology. In Taiwan, the Flora does not depict seedlings, the herbaria do not collect them either. FBG is able to collect the seeds, germinate them in the nursery, make specimens of different developmental stages and deposit them in the herbarium. These specimens will favor the identification of materials collected directly from the field and further promote the research of forest dynamic which provides the basic knowledge of forest conservation.

1.2.6. Adequately manage these selected living plant collection. A successful collection not only means the amount of the collection, but also depends on a good management. A good management is to efficiently maintain these collections and display in a best condition. Without proper management, the collection is wasteful and cannot be sustainably used. Management includes accession, labeling, mapping, maintenance, monitoring, de-accessioning, disposal, record, and review of the policy. The general rules and practical examples could refer to chapters 3 & 4 of ‘The Darwin Technical Manual for Botanic Garden’ (Leadlay & Greene, 1998). 

2. Education objectives:

2.1. To enhance visitors’ awareness of the importance of biological diversity and sustainable use of plant resources. 

Botanic gardens have historically provided information and knowledge of plants. The importance of biodiversity conservation and sustainable use of natural resources is particular effectively interpreted to the public through the demonstration of botanic gardens which have abundant valid materials for display and teaching. 

To achieve this objective (2.1), FBG should:

2.1.1. Enhance staff awareness of the spirit of the Convention on Biological Diversity (CBD). The staff of FBG, though familiar with the plant knowledge, do not well recognize CBD yet. Only when they are aware of this, can the concept of CBD be transferred to the public.

2.1.2. Increase the number of volunteers and organize them properly. FBG has volunteers already. However, the number is not enough so that most of the interpretation locate around the entrance. Meanwhile the communication and association among them is not frequent and not sufficient. The management of volunteers relies on the staff too much. FBG should help them organize themselves. The rule could be that experienced FBG staff train the senior volunteers who help FBG organize the system and guide the junior volunteers. Volunteers’ skill should be regularly reevaluated.

2.1.3. Train the guiders of travel agencies. About half of the FBG’s visitors are arranged and guided by the travel agencies (Chiou, W. L. & Lin, C. C., unpublished data). The guiders of travel agencies thus play a vital role in the interpretation systems. FBG should organize relevant training courses or workshops and encourage guiders of travel agencies to attend. A badge issued by FBG for the qualified guider will encourage their attendance and promote their connection with FBG. Qualified guiders should also be reevaluated regularly as are the volunteers.

2.1.4. Publish the local flora as soon as possible. The local flora is the basic reference of education and other sciences. Although the survey of the flora of FBG has been completed, it has not been published yet. This must be finished soon. The investigation of the fauna has not been finished yet, but parts of them, e. g., vertebrate, frogs, etc. are clearly known and can be published first.

2.1.5. Display various living plant collections which illustrate the plant diversity (also see conservation ex situ described above). Because of the abundant collection and lively growth of living plants, botanic gardens are the most important places to exhibit plant diversity. These diverse collections show plant uses and their relationship to our daily lives. Through education programmes, raise visitors’ awareness of the importance of plant diversity and promote their desire of sustainable use for now and future (France & Orellana, 1999).

2.1.6. Use the natural ecosystem as an interpretation material. Biological diversity means not only different species but also various ecosystems. The natural forest, which is not seen in most botanic gardens due to their urban or suburban locations, is the most precious resource of FBG. A lot of results obtained from the long term ecological research show the biological diversity in this area and how the natural forests function. Parts of these natural forests scatter between different display divisions, and visitors pass through them when they walk around the exhibition area. Through the proper interpretation, people will learn how the natural forests relate with them, such as their daily water source. As a consequence, peoples’ awareness of environmental protection will be promoted.

2.1.7. Improve the education programmes of the education center. Education center is a very important spot for providing information to visitors. The exhibition or video shown in the center should be complemented with the outside display. For example, the public only visit the garden during the daytime, so a programme regarding to ‘evening ecology’ will assist people understand the whole cycle of one day in the nature. Translating the research data to the public language is another example.

2.1.8. Develop proper interpretation systems. Interpretation can be implemented through guided tours, information desk, interpretation board, labeling, publication, medium, etc. Different groups of visitors require different interpretation methods. All of these methods need to be prepared completely and arranged adequately. The general principles regarding to these different methods could follow Carter et al. (1998). The journal ‘Roots’ also provides many news and practical techniques of education programmes, e. g., Griggs & Giuffreda (2002).

2.2.  Promote FBG as resources for academic education and training.

As described in the introduction, FBG also has its reputation by the LTER site. Much research data have been collected and analyzed; a large of area of forest is kept in a natural condition; abundant living plant collections are systematically displayed. All these form a very good site to demonstrate and study biodiversity, ecology, taxonomy, sustainable development, and so on, especially for the academic students and even for government officials as well as policy makers.

To achieve this objective (2.2), FBG should:

2.2.1. Provide garden’s resources to universities. FBG owns rich teaching and research materials of which all universities in Taiwan lack (or not so sufficient). University students can efficiently study, especially the taxonomy and ethnobotany, due to the aggregated display. The nursery also provides the facility for horticulture teaching and research. FBG also has facilities for accommodation and restaurant by which students are able to stay overnight and learn the ‘night ecology’. 

2.2.2. Collaborate with universities and other research institutes and encourage university students coming to do research (also see conservation objective 1). The research in FBG focuses on the local ecosystem. These results will provide vivid education substance for schools and visitors. For example, the acid rain of pH 4.2 dropping at FBG changed to pH 7 when it went through from forest crown, soil, to stream (Liew C.B., personal communication). These local research results will also promote people’s enthusiasm of environmental protection. More scientists and students need to be involved to do more research in order to produce more data for further research and education apply.

2.2.3. Organize symposium, workshop, or/and training course of relevant topics. Presentation, discussion, and training of relevant issues regarding to biodiversity or environment, for a group of about 20 persons, are suitable to take place in FBG. The profuse and real materials surrounded provide the best outdoor laboratory and will facilitate the study effect. For these students with high enthusiasm, FBG should encourage them involving into the research or/and train them to be the volunteers.

2.2.4. Offer the facilities to government institutes and NGOs for meeting of related subjects. FBG could develop (or adopt) related programmes, and invite government officers, policy makers, and NGOs’ members to participate the meeting in FBG (Willison, 2000). The demonstration, debate, and training will be significantly effective and efficient in this elegant environment. This will favor good policies of environmental development.

2.3.  Develop FBG as a center for environmental education for elementary schools.

The children today are the hosts of our earth tomorrow. What they learn must affect their further decisions about the environment (Willison, 2000). FBG’s living plant collections and natural forest make a best outdoor classroom for children. Clearly, school education should be involved in one of the education objectives of FBG. 

To achieve this objective (2.3), FBG should:

2.3.1. Train FBG’s staff to understand the programme. FBG’s staff need to know the basic knowledge of children’s requirement, such as child friendly, safety, viewing facilities, access points, and so on, in order to ensure the whole studying space is suitable for children. 

2.3.2. Invite school teachers or experts to participate the programme development. FBG’s staff do not specialize in the education of elementary schools. It is necessary to have school teachers or experts involve in this programme. 

2.3.3. Encourage the volunteers to be involved in this programme. Most of the volunteers of FBG are teachers of elementary schools and could assist the programme design. FBG has the policy of limiting visitor numbers, so that the visiting applicants always wait on a long line. The volunteers assisting the programme could have the priority to bring their class children to FBG to study.

2.3.4. Organize workshops or training courses for school teachers and encourage their participation. Besides the limitation policy of visitor number, FBG is also remote from the city and lessen the possibility for every child to visit. It is necessary to enhance teachers’ awareness and skill of environment education through the course by using FBG’s resources. Trained teachers are able to extend the knowledge and skill of environment education they learn in the courses to their campus and to the communities they lived. This will also increase the study efficiency when visitors enter FBG due to the previous study in the campus or in the communities. 

IV. Discussion and Recommendations

Above objectives and the corresponding action plans are focused on the issues of conservation and education. To achieve these aims, more other actions need to be implemented and coordinated. The detail requires more references and consultations and is not depicted here, but the outline is sketched below.

First, redesigning a more friendly, interesting, and representative landscape is necessary, in order to attract the visitors to observe the exhibition more and to study more. This change takes time but worth to do in terms of long term education.

Second, consider the access for visitors of special needs, including the disabilities, ill heath, childhood, old ages, and so on, and modify the facilities to be accessed easily by these visitors (Parker, 1998; Thompson, 1999).

Third, implement more and wider research to provide theoretical, empirical, and practical actions. FBG’s LTER research has not only built the reputation, but has also been the basis for the management of FBG. In the future, in addition to the current ecological research, more research relevant to conservation, sustainable use, horticulture, education, visitor behavior, and other issues of management, has to be involved. ‘The scientific basis of botanic gardens is what sets them apart from pure amenity gardens’ (Bramwill & Kiehn, 2000)

Fourth, network among FBG and other botanic gardens in and out of TFRI needs to be established. Taiwan is a small island with 36,000 km2 area but the elevation varies from 0 to 3950 m. Although all botanic gardens are located in a different region, all are easy to reach. In order to avoid too much overlap in effort and to maximize the use of resources, every botanic garden should develop their unique programmes and share the experience and common tools used such as the record system. Communication by periodic meeting and symposium is necessary. Website establishment is also an efficient way for communication and share information. The network can extend to other organizations, such as museums, national parks, tourist authorities, the media, and so on, to use the limited resources in maximum outcome (Rammeloo & Cheney, 2000).
Fifth, integrate management of different objectives to ensure that work is undertaken in a way which meets the objectives in the defined time and within the budget (Harrison, 1999).

Finally, the draft plan should be circulated to all staff and consult some members outside FBG in order to get feedback and comment. The plan also needs to be reevaluated at a periodic time to ensure their feasibility and achievability.
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Appendix I: The priority candidates of ex situ conserved plants and their current status of FBG

1. Amentotaxus formosana. (Amentotaxaceae): endangered (EN); endemic; all populations distribute over a limited area of sourthern Taiwan (Lu, 1996).

2. Koteleeria davidiana var. formosana (Pinaceae): critically endangered (CR); endemic; less than 5 populations which locate in the southern and northern Taiwan have been found; less seedings found at the understory of the forest (Lu, 1996). 

3. Fagus hayatae (Fagaceae): vulnerable (VU); endemic; although many individuals found, less seedlings at the understory of the forest (Lu, 1996).

4. Bretschneidera sinensis: vulnerable (VU); distributed over northern Taiwan and southern China (Lu, 1996); potential for commercialization due to its attractive flowers; good materials for dispersal and geographical research. 

5. Archangiopteris itoi (Marattiaceae): critically endangered (CR); endemic fern; only 2 populations which locate in the central and northern Taiwan have been found, and the population of the central Taiwan has not been found for 3 decades; less than 50 individuals found (Moore 2001).

6. Archangiopteris somai (Marattiaceae): critically endangered (CR); endemic fern; only 2 populations which locate in the central and northern Taiwan have been found (Kuo, 1997). 

7. Begonia spp. (Begoniaceae): at least 12 species in Taiwan (Chen, 1993), many species classified as rare plants; all attractive and potential for commercialization.

8. Ficus formosana (Moraceae): Near threatened (nt); endemic; distributes through the low mountains of Taiwan; medicine of local people and tends to become commercialized.
1
i

