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FOREWORD

On behalf of the European Botanic Gardens Consortium (EBGC), the University of Lisbon and 
�:���Œ���]�u�����}�š���v�]���}�����������i�µ�������~���}�š���v�]�����'���Œ�����v���}�(�����i�µ�����•���}�v���š�Z�����}�������•�]�}�v���}�(���]�š�•���î�ñ�ì�æ�Ú�����v�v�]�À���Œ�•���Œ�Ç��
�}�Œ�P���v�]�Ì������ �š�Z���� �ô�æ�Ú�� ���µ�Œ�}�‰�����v�� ���}�v�P�Œ���•�•�� �}�(�� ���}�š���v�]���� �'���Œ�����v�•�� �t�� ���µ�Œ�}�'���Œ���� �s�/�/�/�U�� �š�Z���š�� �Á���•�� �Z���o����
�]�v���>�]�•���}�v�U���ó�æ�Ú�r�í�í�æ�Ú���u���Ç���î�ì�í�ô�X���h�v�����Œ���š�Z�����š�Z���u�����^���}�š���v�]�����'���Œ�����v�•�U���W���}�‰�o�������v�����W�o���v�š�•���(�}�Œ������
Sustainable World”, it was intended to address many of the issues to which Botanic Gardens 
are contributing, in particular raising public awareness of environmental conservation 
���Z���o�o���v�P���•���š�Z���š���}�µ�Œ���‰�o���v���š���(�������•�X�����µ�Œ�}�'���Œ�����s�/�/�/�����Œ�]�v�P���š�}�P���š�Z���Œ���š�Z�����‰���Œ�š�]���]�‰���š�]�}�v���}�(�����}�š���v�]����
�'���Œ�����v�•���]�v�����µ�Œ�}�‰�������v�����}�š�Z���Œ���Á�}�Œ�o�����Œ���P�]�}�v�•�X���D�}�Œ���}�À���Œ�U���š�Z�����í�ñ�æ�Ú���^�Ç�u�‰�}�•�]�µ�u���}�(���š�Z�����/�����Œ�}�r
Macaronesian Association of Botanic Gardens took place at the same time, during which 
the aim was to assess the work carried out to meet the Aïchi Biodiversity Targets adopted 
���Ç���š�Z�����/�����Œ�]���v�r�D�������Œ�}�v���•�]���v�����}�š���v�]�����P���Œ�����v�•���(�}�Œ���î�ì�î�ì�X

The Congress included a diverse range of subjects and topics on biodiversity conservation, 
���•�‰�����]���o�o�Ç�� �Œ���o���š������ �š�}�� �‰�o���v�š�•�� ���v���� �š�Z���� ���}�u�‰�o���Æ�� ���v���� ���Æ�š���v�•�]�À���� �Œ�}�o���•�� �}�(�� ���}�š���v�]���� �P���Œ�����v�•�X�� �/�š��
emphasized how Botanic Gardens have been actively involved in shaping national and 
�]�v�š���Œ�v���š�]�}�v���o�� �‰�}�o�]���]���•�� ���v���� �‰�Œ�����š�]�����•�� �]�v�� �‰�o���v�š�� ���}�v�•���Œ�À���š�]�}�v�X�� �d�Z���Ç�� ���}�v�š�]�v�µ���� �š�}�� �Z���À���� ���v��
influential role at all levels through their engagement with governments (that are Parties 
to the Convention on Biological Diversity), and through their involvement in the Global 
�W���Œ�š�v���Œ�•�Z�]�‰���(�}�Œ���W�o���v�š�����}�v�•���Œ�À���š�]�}�v���~�'�W�W���•�X

It is acknowledged that botanic gardens come from very different roots but since 2002, 
the Global Strategy for Plant Conservation (GSPC), and its update in 2010, has provided a 
focus and primary framework to guide Botanic Gardens’ activities in strategic and practical 
contributions to plant conservation; The roles of Botanic Gardens in supporting the GSPC are 
manifold, from contributions of smaller gardens to single targets to potential contributions 
�š�}�����o�o���í�ò���š���Œ�P���š�•�����Ç���o���Œ�P���Œ�U�������š�š���Œ���Œ���•�}�µ�Œ�������U�����}�š���v�]�����P���Œ�����v�•�X

It was pointed out during the Congress that we are coming to a crucial time for plant 
���}�v�•���Œ�À���š�]�}�v���‰�}�o�]���]���•�����•���š�Z�����'�^�W�����š���Œ�P���š�•�����Œ�������µ�����š�}�����������š�š���]�v���������Ç���î�ì�î�ì�X�����/�š���]�•���š�Z���Œ���(�}�Œ����
essential that botanic gardens should redouble their efforts for the GSPC targets and 
take a prominent role in the process of negotiating a renewed Global Strategy for Plant 
���}�v�•���Œ�À���š�]�}�v�� �(�}�Œ�� �š�Z���� �‰���Œ�]�}���� ���(�š���Œ�� �î�ì�î�ì�X�� �� �/�š�� �]�•�� �o�]�l���o�Ç�� �š�Z���š�� �š�Z�]�•�� �µ�‰�����š���� �Á�]�o�o�� ���}�v�•�]�����Œ�� �š�Z����
importance of the Sustainable Development Goals and be even more closely aligned with 
�š�Z�������]���Z�]���d���Œ�P���š�•���š�Z���v���š�Z���Ç���Z���À�����������v���‰�Œ���À�]�}�µ�•�o�Ç�X���d�Z�����î�ì�ï�ì���^�µ�•�š���]�v�����o���������À���o�}�‰�u���v�š���'�}���o�•��
provide an opportunity for botanic gardens to integrate more fully their work with more 
�•�}���]�}�r�����}�v�}�u�]�������}�v�����Œ�v�•���Á�Z�]���Z���]�u�‰�����š���}�v���š�Z�������}�v�•���Œ�À���š�]�}�v���}�(�����]�}���]�À���Œ�•�]�š�Ç���Á�}�Œ�o���Á�]�����X
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In addition to the GSPC, botanic gardens need to continue to engage with other key global 
policies, strategies and initiatives, such as the UNFCCC, the CBDs Nagoya Protocol, the 
World Heritage Convention, CITES, IPBES, the Florence Charter on the restoration of historic 
gardens, and many other national and international conventions, policies, initiatives and 
frameworks that are also relevant to their work in cultural, heritage, educational and social 
�]�•�•�µ���X��

Support for botanic garden directions was also welcomed from the representative of the 
DG environment of the European commission, Humberto Delgado Rosa, who pointed out 
the range of existing European instruments relevant to botanic gardens, including the 
European Plant Conservation Strategy and the European Commission’s Biodiversity Action 
�W�o���v�U�����•���Á���o�o�����•���E���š�]�}�v���o�����]�}���]�À���Œ�•�]�š�Ç���^�š�Œ���š���P�]���•�����v���������š�]�}�v���W�o���v�•�X���d�Z�����•�‰�����]���o���]�u�‰�}�Œ�š���v������
of ensuring that botanic gardens are in full compliance with the CBDs Nagoya Protocol on 
Access and Benefit Sharing was pointed out, as well as the EUs regulation on Access and 
�����v���(�]�š���•�Z���Œ�]�v�P���š�}�}�X���d�Z�������}�v�P�Œ���•�•���Á���•���‰���Œ�š�]���µ�o���Œ�o�Ç���•�µ�������•�•�(�µ�o���]�v���•�Z�}�Á�����•�]�v�P�������Á�]�������Œ���v�P����
of projects, case studies, initiatives that clearly demonstrate outstanding progress in many 
���Œ�����•���}�(�����v�������À�}�µ�Œ���Œ���o���š�������š�}���š�Z���]�Œ�����}�o�o�����š�]�À�����u�]�•�•�]�}�v�X����

While Europe is well supported with its own botanic gardens, many regions of the world 
that are rich in biodiversity still have too few and many are very under resources or 
�•�µ�‰�‰�}�Œ�š�����X�����d�Z�������µ�Œ�}�‰�����v�����}�š���v�]�����P���Œ�����v�������v�����v�����•�Z�}�µ�o�����‰�o���Ç���]�u�‰�}�Œ�š���v�š���Œ�}�o���•���]�v���•�µ�‰�‰�}�Œ�š�]�v�P��
�v�}�Œ�š�Z�� �•�}�µ�š�Z�� ���}�}�‰���Œ���š�]�}�v�� ���v���� �‰���Œ�š�v���Œ�]�v�P�� �Á�]�š�Z�� �•�µ���Z�� �]�v�•�š�]�š�µ�š�]�}�v�•�� ���v���� �]�v�� �����‰�����]�š�Ç�� ���µ�]�o���]�v�P�X����
The development of new models for botanic gardens in other regions of the world can 
���������Æ�‰�o�}�Œ�������š�}�}���š�}�����v�•�µ�Œ�����š�Z���š���š�Z���Ç�����Œ�����u�}�•�š���•�µ�]�š�������š�}���o�}�����o���•�]�š�µ���š�]�}�v�•�����v�����v�������•�X�����^�µ���Z��
models may highlight too closer integration with other sectors, beyond the botanical 
community, to link with agriculture, forestry, and commercial horticulture too, as well as 
�‰�Œ�}�š�����š������ ���Œ������ �v���š�Á�}�Œ�l�•�� ���v���� �v���š�]�}�v���o�� ���v�À�]�Œ�}�v�u���v�š���o�� �‰�Œ�}�š�����š�]�}�v�� ���µ�š�Z�}�Œ�]�š�]���•�X�� �� �>�]�v�l���P���•��
with communities at local levels were especially recommended, both in the urban and 
�Œ�µ�Œ���o�����v�À�]�Œ�}�v�u���v�š�X���� �����Z�]���À�]�v�P���•�µ�•�š���]�v�����o�������}�u�u�µ�v�]�š�]���•���]�•�� ���v�����•�•���v�š�]���o���‰���Œ�š���}�(�� ���š�š���]�v�]�v�P������
�•�µ�•�š���]�v�����o�������v�À�]�Œ�}�v�u���v�š�X

�>�]�•���}�v�U���D���Ç���í�í�æ�Ú�U���î�ì�í�ô

Dalila Espírito Santo
Head of Eurogard VIII Congress

Peter Wyse Jackson
Chairman of GPPC, Honourable President of ECBG
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�'���Œ�����v�•�U�� �W���}�‰�o���� ���v���� �W�o���v�š�•�� �(�}�Œ�� ���� �^�µ�•�š���]�v�����o���� �t�}�Œ�o���X��
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�������>�]�•���}���U���d���‰�����������������i�µ�����U���í�ï�ð�õ�r�ì�í�ó���>�]�•���}���U���W�}�Œ�š�µ�P���o
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ABSTRACT 
���]�Œ�������î�X�î�9���}�(���(�o�}�Á���Œ�]�v�P���‰�o���v�š�•���P���v���Œ�������Œ�����l�v�}�Á�v���š�}�����}�v�š���]�v�����‰�}�u�]���š�]�����•�‰�����]���•�U�����}�u�‰�Œ�]�•�]�v�P���ó�ô���(���u�]�o�]���•�U���]�v���o�µ���]�v�P���š�Z����
sea lavenders Limonium�� �D�]�o�o�� �P���v�µ�•�� �(�Œ�}�u�� �š�Z���� �W�o�µ�u�����P�]�v������������ �(���u�]�o�Ç�X�� �d�Z�]�•�� �P���v�µ�•�� �]�•�� �Œ���‰�Œ���•���v�š������ ���Ç�� �š���Æ�}�v�}�u�]�����o�o�Ç��
complex groups generally characterized by hybridization, polyploidy and sexual (outcrossing, selfing) and/or asexual 
�u�}�����•�� �}�(�� �Œ���‰�Œ�}���µ���š�]�}�v�� �~���‰�}�u�]�Æ�]�•�•�U�� ���v���l�}�Œ�� �u���o���� �•�š���Œ�]�o�]�š�Ç�X�� �d�Z���•���� �Œ���‰�Œ�}���µ���š�]�À���� �u�}�����•�� ���‰�‰�����Œ�� �š�}�� ������ ���•�•�}���]���š������ �š�}�� ����
�‰�}�o�o���v�r�•�š�]�P�u�������]�u�}�Œ�‰�Z�]�•�u���o�]�v�l������ �š�}�������•�‰�}�Œ�}�‰�Z�Ç�š�]�����•���o�(�r�]�v���}�u�‰���š�]���]�o�]�š�Ç���•�Ç�•�š���u�X���t���� ���•�š�����o�]�•�Z���������v��ex situ Limonium 
collection (circa 350 plants) with representative members of several species with the aim to characterize sexual 
���v���� ���•���Æ�µ���o�� ���������•�•�]�}�v�•�� ���v���� �Z�Ç���Œ�]���� ���]�}�š�Ç�‰���•�U�� ���•�� �Á���o�o�� ���•�� �š�}�� �•�š�µ���Ç�� �š�Z���� �}�����µ�Œ�Œ���v������ �}�(�� ���‰�}�u�]�Æ�]�•�X�� �d�}�� �����Z�]���À���� �š�Z�]�•�U�� �Á����
combined a cytogenetic, ovule development, reproductive phenology, and transcriptomic approach using plants of 
�š�Z���•���� ���}�o�o�����š�]�}�v�•�X�� �D�}�š�Z���Œ�� �‰�o���v�š�•�� �}�(��Limonium binervosum, Limonium dodartii, Limonium nydeggeri and Limonium 
ovalifolium were characterized cytogenetically through genome size estimations and chromosome counts to assess 
�š�Z���]�Œ���‰�o�}�]���Ç���o���À���o�•�X���d�Z���v�U���‰�}�o�o���v�t�•�š�]�P�u�������]�u�}�Œ�‰�Z�]�•�u�•���Á���Œ�������Æ���u�]�v���������v�����}�À�µ�o���•���]�v�����]�•�š�]�v���š���•�š���P���•���}�(�������À���o�}�‰�u���v�š��
�Á���Œ�������v���o�Ç�Ì�����X���/�v���š�Z�]�•���Á���Ç�U���(�}�Œ���������Z���]�v���]�À�]���µ���o���•���Æ�µ���o�����v���l�}�Œ�����‰�}�u�]���š�]���������À���o�}�‰�u���v�š���Á���•�������š���Œ�u�]�v�����X���d�Z���•�����‰�o���v�š�•��
were further used to produce F1 offspring plants using either plant as a male donor or female receiver through 
���Œ�}�•�•���•�����u�}�v�P�����]�‰�o�}�]�����•���Æ�µ���o�•�U�����v���������š�Á�����v���š���š�Œ���‰�o�}�]�����(�����µ�o�š���š�]�À�������‰�}�u�]���š�•�����v�������]�‰�o�}�]�����•���Æ�µ���o�•�X���/�v�š���Œ�‰�o�}�]�������Œ�}�•�•���•��
�u�}�•�š�o�Ç���}�Œ�]�P�]�v���š���������]�‰�o�}�]�����‰�o���v�š�•���Á�Z���Œ�����•���]�v�š���Œ�‰�o�}�]�������Œ�}�•�•���•���}�v�o�Ç���‰�Œ�}���µ�������������š�Á�����v���š���š�Œ���‰�o�}�]�������v�������]�‰�o�}�]�����‰�o���v�š�•�X���/�v��
the present study our goal was to characterize the reproductive phenology of offspring plants resulting from such 
���Œ�}�•�•���•�X���/�v���Z�}�u�}�‰�o�}�]�������Œ�}�•�•���•�����}�š�Z���‰���Œ���v�š���o���‰�o���v�š�•�����v�����š�Z�������]�‰�o�}�]�����}�(�(�•�‰�Œ�]�v�P���‰�Œ�}���µ�������������o�}�š���}�(���Z�}�u�}�P���v�}�µ�•�o�Ç���•�]�Ì������
�‰�}�o�o���v�� �Á�]�š�Z�� ���� �Z�]�P�Z�� �‰�}�o�o���v�� �P�Œ���]�v�� �À�]�����]�o�]�š�Ç�X�� �t�Z�]�o���� �]�v�� �]�v�š���Œ�‰�o�}�]���� ���Œ�}�•�•���•�U�� ���}�š�Z�� �š���š�Œ���‰�o�}�]���� �‰���Œ���v�š���o�� �‰�o���v�š�•�� ���v���� �}�(�(�•�‰�Œ�]�v�P��
�‰�o���v�š�•���u�}�•�š�o�Ç���(�}�Œ�u�������Z���š���Œ�}�P���v���}�µ�•���•�]�Ì���������v�����v�}�v�r�À�]�����o�����‰�}�o�o���v�X��
Cytogenetic and transcriptomic studies using these F1 plants are ongoing to investigate chromosome transmission 
���v�������‰�]�P���v���š�]�������o�š���Œ���š�]�}�v�•���]�v���š�Z�����}�À�µ�o�����š�]�•�•�µ���U�����v�����š�}���(�]�v�����P���v���š�]���r�u�}�o�����µ�o���Œ���(�����š�}�Œ�•�����•�•�}���]���š�������š�}���š�Z�����}�����µ�Œ�Œ���v�������}�(��
���‰�}�u�]�Æ�]�•�X

KEYWORDS
Genetic Crossing, Plant Reproduction, Pollen Viability, Polyploidy

INTRODUCTION
The halophytic Limonium genus (Plumbaginaceae), 
typically found in coastal areas and saline steppes 
���]�•�š�Œ�]���µ�š������ ���o�o�� �}�À���Œ�� �š�Z���� �Á�}�Œ�o���� �~���Œ�����v�U�� �í�õ�õ�ï�V�� �<�µ���]�š�Ì�l�]�U��
�í�õ�õ�ï�•�U���]�•�����v���]�v�š���Œ���•�š�]�v�P�����]�}�o�}�P�]�����o���•�Ç�•�š���u���(�}�Œ���•�š�µ���Ç�]�v�P���š�Z����
reproductive biology of groups with complex taxonomy, 
�Á�Z�]���Z�� �Z���Œ���}�µ�Œ�� �•�]�P�v�]�(�]�����v�š�� ���]�}���]�À���Œ�•�]�š�Ç�� �~���v�v�}�•�� ���š�� ���o�X�U��
�î�ì�ì�ñ�•�X�� �d�Z���•���� ���}�u�‰�o���Æ���•�� ���Œ���� �P���v���Œ���o�o�Ç�� ���Z���Œ�����š���Œ�]�Ì������
���Ç�� �µ�v�]�‰���Œ���v�š���o�� �Œ���‰�Œ�}���µ���š�]�}�v�� �€���X�P�X�U�� �•���o�(�r�(���Œ�š�]�o�]�Ì���š�]�}�v�U��
���P���u�}�•�‰���Œ�u�Ç�� �~�]�X���X�U�� ���‰�}�u�]�Æ�]�•�U�� ���o�}�v���o�� �Œ���‰�Œ�}���µ���š�]�}�v��
through seeds), gynogenesis], hybridization at some 
�����P�Œ���������u�}�v�P���]�š�•���u���u�����Œ�•�U�����v�����‰�}�o�Ç�‰�o�}�]���Ç���~�Z�•�]�•�����š�����o�X�U��

�î�ì�í�î�V�����}�Œ�š�]�v�Z���•�����š�����o�X�U���î�ì�í�ñ�V���Z�•�]�•�����š�����o�X�U���î�ì�í�ò�V�������‰���Œ�š�������š��
���o�X�U���î�ì�í�ó�•�X��
A huge cytological diversity has been reported in this 
genus, ranging from euploid and aneuploid diploid to 
�}���š�}�‰�o�}�]�������Ç�š�}�š�Ç�‰���•���~���Œ�����v�U���í�õ�ó�ô�U���í�õ�õ�ï�V�����Œ�µ�o�o�}���˜���W���À�}�v����
�í�õ�ô�í�V�����Œ�Œ�]�P�}�v�]���˜�����]���v�����í�õ�õ�ï�V�����Œ�š���o���Œ�]���˜���'���}�Œ�P�]�}�µ�U���í�õ�õ�õ�V��
�'���}�Œ�P���l�}�‰�}�µ�o�}�µ�� ���š�� ���o�X�� �î�ì�ì�ò�V�� �����•�š�Œ�}�� �˜�� �Z�}�•�•���o�•�� �î�ì�ì�ó�V��
�Z�•�]�•�� ���š�� ���o�X�U�� �î�ì�í�î�V�� ���}�Œ�š�]�v�Z���•�� ���š�� ���o�X�U�� �î�ì�í�ñ�V�� �����‰���Œ�š���� ���š�� ���o�X�U��
�î�ì�í�ó�•�X�����]�‰�o�}�]�����•�‰�����]���•���~���X�P�X�U��L. ovalifolium, 2n =2x = 16) 
�Œ���‰�Œ�}���µ������ �•���Æ�µ���o�o�Ç���~���Œ�����v�U���í�õ�ó�ô�V���Z�•�]�•�� ���š�� ���o�X�U���î�ì�í�î�V�� �Z�•�]�•��
���š�����o�X�U���î�ì�í�ò�•���š�Z�Œ�}�µ�P�Z���š�Z�����(�}�Œ�u���š�]�}�v���}�(���u���]�}�š�]�����o�Ç���Œ�����µ��������
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tetrasporic embryo sacs of Gagea ova type (Romanov, 
�í�õ�ñ�ó�V���Z�•�]�•�����š�����o�X�U���î�ì�í�ò�•�U�����v�����š���š�Œ���•�‰�}�Œ�}�µ�•���P���u���š�}�‰�Z�Ç�š���•��
of Adoxa and Drusa�� �š�Ç�‰���•�� �~�����Z�o�P�Œ���v�U�� �í�õ�í�ò�V�� ���[���u���š�}�U��
�í�õ�ð�õ�V�� �Z�•�]�•�� ���š�� ���o�X�U�� �î�ì�í�ò�•�X�� �d���š�Œ���‰�o�}�]���� �(�����µ�o�š���š�]�À���� ���‰�}�u�]���š�•��
�~���X�P�X�U��L. transwallianum, 2n = 4x = 35, 36) and tetraploid 
���µ�š�}�v�}�u�}�µ�•�� ���‰�}�u�]���š�•�� �~���X�P�X�U��L. multiflorum, 2n = 4x = 
�ï�ñ�U�� �ï�ò�•�� �~�Z�•�]�•�� ���š�� ���o�X�U�� �î�ì�í�ò�•�� �(�}�Œ�u�� �u���]�}�š�]�����o�o�Ç�� �µ�v�Œ�����µ��������
���]�‰�o�}�•�‰�}�Œ�}�µ�•�� ���u���Œ�Ç�}�� �•�����•�� �~�/�v�P�Œ�}�µ�]�o�o���� �˜�� �^�š�������U�� �í�õ�ô�ò�V��
�,�i���o�u�‹�À�]�•�š���˜���'�Œ���Ì�]�•�X���d�Œ�]�‰�o�}�]�����(�����µ�o�š���š�]�À�������‰�}�u�]���š�•���~���X�P�X�U���>�X��
virgatum, 2n = 3x = 27) originate meiotic embryo sacs 
�]�v���‰���Œ���o�o���o���Á�]�š�Z�����‰�}�u�]���š�]�������u���Œ�Ç�}���•�����•���~���[�����u���š�}�U���í�õ�ð�õ�•�X��
���]�‰�o�}�]�����•�‰�����]���•���~���X�P�X�U��L. ovalifolium) display regular male 
�u���]�}�•�]�•�� ���µ�š�� �‰�}�o�Ç�‰�o�}�]���� ���‰�}�u�]���š�•�� �~���X�P�X�U��L. multiflorum) 
frequently show disturbed male meiosis leading to 
low pollen quality and quantity or even complete male 
�•�š���Œ�]�o�]�š�Ç�� �~�Z�•�]�•�� ���š�� ���o�X�U�� �î�ì�í�î�•�X�� ���]�‰�o�}�]����L. ovalifolium show 
regular male meiosis resulting in normal tetrads, which 
develop into the characteristic unicellular, bicellular, or 
�š�Œ�]�����o�o�µ�o���Œ�� �‰�}�o�o���v�� �P�Œ���]�v�•�� �~�Z�•�]�•�� ���š�� ���o�X�U�� �î�ì�í�î�•�X�� �d�Z���•���� �P�Œ���]�v�•��
���Æ�Z�]���]�š�� �š�Z���� �š�Ç�‰�]�����o�� �u�]���Œ�}�r�� �}�Œ�� �u�����Œ�}�r�Œ���š�]���µ�o���š���� ���Æ�]�v����
�}�Œ�v���u���v�š���š�]�}�v���‰���š�š���Œ�v�•�X���D�}�•�š���}�(���š�Z���•�����P�Œ���]�v�•�����Œ�����À�]�����o����
���v���� �‰�Œ�}���µ������ �‰�}�o�o���v�� �š�µ�����•�� �]�v�� �À�]�š�Œ�}�� �~�Z�•�]�•�� ���š�� ���o�X�U�� �î�ì�í�î�•�X��

Tetraploid L. multiflorum show chromosome pairing and 
segregation irregularities during male meiosis leading 
to the formation of abnormal meiotic products and 
pollen grains with a collapsed morphology, which are 
�µ�v�����o���� �š�}�� �P���Œ�u�]�v���š���� �]�v�� �À�]�š�Œ�}�� �~�Z�•�]�•�� ���š�� ���o�X�U�� �î�ì�í�î�•�X�� �,���v�����U��
pollen stainability in Limonium appears to be high in 
sexual diploids, while in polyploids, low to high fertility 
�Z���•���������v���Œ���‰�}�Œ�š�������~���Œ�����v�U���í�õ�ó�ô�U���í�õ�ó�õ�•�X���/�v���š�Z�����š�Œ�]�‰�o�}�]����L. 
viciosoi (2n = 3x = 27), pollen was either not produced 
�}�Œ�� �Á�]�š�Z�� �À���Œ�Ç�� �o�}�Á�� �•�š���]�v�����]�o�]�š�Ç�� �~�î�t�í�ï�� �9�•�� �~���Œ�����v�U�� �í�õ�ó�ô�•�X��
Contrastingly, in hexaploid L. humile (2n = 6x = 54), a high 
�‰���Œ�����v�š���P���� �}�(�� �(���Œ�š�]�o���� �‰�}�o�o���v�� �P�Œ���]�v�•�� �]�•�� �}���•���Œ�À������ �~�õ�ñ�� �9�•��
�~�����Á�•�}�v���˜���/�v�P�Œ�}�µ�]�o�o���U���í�õ�õ�ñ�•�X��
Previous embryological, reproductive biology 
���Æ�‰���Œ�]�u���v�š�•�� �]�v�� �>�]�u�}�v�]�µ�u�� �~�Z�•�]�•�� ���š�� ���o�X�U�� �î�ì�í�î�V�� �Z�•�]�•�� ���š�� ���o�X�U��
2016) and but also on differences between diploids and 
tetraploids in their extent of morphological and genetic 
�À���Œ�]���š�]�}�v���~�Z�•�]�•�����š�����o�X�U���î�ì�í�ï�V���Z�•�]�•�����š�����o�X�U���î�ì�í�ò�V�������‰���Œ�š�������š��
���o�X�U���î�ì�í�ó�•�U���o�������µ�•���š�}���Z�Ç�‰�}�š�Z���•�]�Ì�����š�Z���š�����]�(�(���Œ���v�����•���]�v���‰�}�o�o���v��
production occur between the plants originated from 
�Z�}�u�}�‰�o�}�]�������v�����]�v�š���Œ�‰�o�}�]�������Œ�}�•�•���•�X��
 

MATERIAL AND METHODS
	 Plant materials and growth conditions
���� �š�}�š���o�� �}�(�� �í�ï�� �•���o�(�r�]�v���}�u�‰���š�]���o���� �‰�o���v�š�•�� �Œ���‰�Œ���•���v�š���š�]�À���� �}�(��
diploid species, L. ovalifolium and L. nydeggeri (2n = 2x = 
�í�ò�•���~���Œ�����v�U���í�õ�õ�ï�U���í�õ�õ�õ�V���Z�•�]�•�����š�����o�X�U���î�ì�í�î�•�U�����v�����š���š�Œ���‰�o�}�]����
species, L. binervosum and L. dodartii, (2n = 4x = 35, 36) 
�~���Œ�����v�U���í�õ�õ�ï�•���Á���Œ�����µ�•�������]�v�����}�v�š�Œ�}�o�o���������Œ�}�•�•���•���~�d�����o�����í�•�X��
Five homoploid (diploid vs diploid) and four interploid 
(tetraploid vs diploid) crosses were made following 
�š�Z���� �u���š�Z�}���}�o�}�P�Ç���]�v�� �~�Z�•�]�•�� ���š�� ���o�X�U���î�ì�í�ò�V�����}�v�����]�����}�� ���š�� ���o�X�U��
�î�ì�í�ô���]�v���Œ���À�]�•�]�}�v�•�X���W���Œ���v�š���o���‰�o���v�š�•�����v�����š�Z���]�Œ���}�(�(�•�‰�Œ�]�v�P�����Œ����
maintained in the greenhouses at Instituto Superior de 
���P�Œ�}�v�}�u�]���X��

	 Pollen viability analyses
Pollen viability was scored using Alexander’s stain 
�š���•�š�� �~���o���Æ���v�����Œ�U�� �í�õ�ò�õ�•�� �]�v�� �‰���Œ���v�š���o�� �‰�o���v�š�•�� ���v���� �]�v�� �š�Z����
�Œ���•�µ�o�š�]�v�P�� �‰�Œ�}�P���v�Ç�X�� �d�Z���� �š�}�š���o�� �v�µ�u�����Œ�� �}�(�� �‰�}�o�o���v�� �P�Œ���]�v�•��
was determined and pollen viability estimates were 
performed by one person using three flowers (five 
anthers) per plant; the number of pollen grains was 
���}�µ�v�š�������µ�v�����Œ�����v���}�‰�š�]�����o���o�]�P�Z�š���u�]���Œ�}�•���}�‰�����~�>���]�š�Ì�,�D�r�>�h�y��
�ï�•�����š���Æ�î�ì���u���P�v�]�(�]�����š�]�}�v�X���d�Z�����‰���Œ�����v�š���P�����}�(���À�]�����o�����‰�}�o�o���v��
�P�Œ���]�v�•���‰���Œ���(�o�}�Á���Œ���Á���•�����•�š�]�u���š�����X��

RESULTS AND DISCUSSION
In this study we observed that tetraploid plants 
started blooming earlier than diploid plants as well as 
differences on pollen viability were observed in diploid 
���v�����š���š�Œ���‰�o�}�]�����‰�o���v�š�•���~�d�����o�����î�•�X���/�v���P���v���Œ���o�U�����]�‰�o�}�]�����u�}�š�Z���Œ��
plants presented a higher number of pollen grains per 
�(�o�}�Á���Œ�� �š�Z���v�� �š���š�Œ���‰�o�}�]���� �‰�o���v�š�•�X�� �/�v�� ���]�‰�o�}�]���� �‰���Œ���v�š���o�� �‰�o���v�š�•��
these pollen grains were homogenously sized, whereas in 
�š���š�Œ���‰�o�}�]�����‰�o���v�š�•���Z���š���Œ�}�P���v���}�µ�•���•�]�Ì�������‰�}�o�o���v���]�•�������š�����š�����X��
���]�(�(���Œ���v�����•�� �]�v�� �‰�}�o�o���v�� �‹�µ���o�]�š�Ç�� �~�&�]�P�X�� �í�•�� �Á���Œ���� ���o�•�}�� �(�}�µ�v����
�����š�Á�����v�� ���]�‰�o�}�]���� ���� �š���š�Œ���‰�o�}�]���� �‰�o���v�š�•�X�� ���]�‰�o�}�]���� �‰���Œ���v�š���o��
plants showed a high percentage of viable pollen grains, 
�}�À���Œ���õ�ì�9�U���Á�Z�]�o�����]�v���š���š�Œ���‰�o�}�]�����‰���Œ���v�š���o���‰�o���v�š�•�����]�(�(���Œ���v�����•��

in pollen viability were found among individuals from 
distinct species, respectively L. binervosum and L. dodartii�X��
���À���v���]�v���š���š�Œ���‰�o�}�]�����]�v���]�À�]���µ���o�•���}�(���š�Z�����•���u�����•�‰�����]���•�U���]�X���X��L. 
binervosum, there were remarkable differences in pollen 
�P�Œ���]�v���À�]�����]�o�]�š�Ç���~�‰�o�����•�����•�������d�����o�����î�•�U���(�Œ�}�u���Z�]�P�Z���~�ô�ó�X�ó�9�•���š�}��
�Œ���•�]���µ���o���u���o�����(���Œ�š�]�o�]�š�Ç���~�ô�X�ï�•�X
The offspring plants from diploid x diploid crosses showed 
���� �Z�]�P�Z�� �~�}�À���Œ���ó�ò�9�•�� ���µ�š�� �o�}�Á���Œ���‰�}�o�o���v�� �À�]�����]�o�]�š�Ç�� �‰���Œ�����v�š���P����
�š�Z���v���š�Z���]�Œ���‰�Œ�}�P���v�]�š�}�Œ�•�X�����}�v�À���Œ�•���o�Ç�U���]�v���P���v���Œ���o���]�v���]�À�]���µ���o�•��
originated from tetraploid x diploid crosses exhibited a 
very low pollen viability in comparison with both diploid 
���v���� �š���š�Œ���‰�o�}�]���� �‰���Œ���v�š���o�� �‰�o���v�š�•�X�� �K�(�(�•�‰�Œ�]�v�P�� �‰�o���v�š�•�� �(�Œ�}�u��
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tetraploid x diploid crosses showed much lower viable 
pollen production than offspring plants originated from 
���]�‰�o�}�]�����Æ�����]�‰�o�}�]�������Œ�}�•�•���•�X
�/�v���(�����š�U�����]�‰�o�}�]�����•�‰�����]���•���~���X�P�X�U��L. ovalifolium) show regular 
�u���o���� �u���]�}�•�]�•�� �~�Z�•�]�•�� ���š�� ���o�X�U�� �î�ì�í�î�•�� ���µ�š�� �‰�}�o�Ç�‰�o�}�]���� ���‰�}�u�]���š�•��
�~���X�P�X�U��L. multiflorum) frequently present disturbed male 
meiosis leading to low pollen quality and quantity or 

���À���v�� ���}�u�‰�o���š���� �u���o���� �•�š���Œ�]�o�]�š�Ç�� �~�Z�•�]�•�� ���š�� ���o�X�U�� �î�ì�í�î�•�X�� �/�v�� �š�Z����
putative triploid apomict L. algarvense (2n = 3x =25, 26, 
�����‰���Œ�š�������š�����o�X�U���î�ì�í�ó�•�U���Z���š���Œ�}�P���v�}�µ�•���•�]�Ì�������‰�}�o�o���v���Á�]�š�Z���o�}�Á��
�(���Œ�š�]�o�]�š�Ç�� �]�•�� ���o�•�}�� �}���•���Œ�À������ �~���}�v�����]�����}�� ���š�� ���o�X�U�� �]�v�� �Œ���À�]�•�]�}�v�•�X����
Remarkably, in the tetraploid L. binervosum complex (2n 
= 4x = 35), male sterile and male fertile colonies have 
�������v���(�}�µ�v�����]�v���š�Z�������Œ�]�š�]�•�Z���/�•�o���•���~�/�v�P�Œ�}�µ�]�o�o�����˜���^�š�������U���í�õ�ô�ñ�•�X��

CONCLUSION
This study highlights contrasting responses in pollen 
production in diploid and polyploid plants with distinct 
reproductive strategies, sexual and/or apomixis, and 
���]�u�]�v�]�•�Z���•���š�Z�����]�u�‰�}�Œ�š���v�������}�(�����‰�}�u�]���š�•�����•���‰�}�o�o���v�����}�v�}�Œ�•�X
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in seed production in diploid and tetraploid sea lavenders 
(Limonium sp., Plumbaginaceae) reveal diversity in 
reproduction modes’. Sexual Plant Reproduction 25: 
�ï�ì�ñ�t�í�ô�X��
�Z�}�u���v�}�À�� �/�X���X�� �~�í�õ�ñ�ó�•��‘Embryo sac in the genus Tulipa’. 
���}�u�‰�š���•���Z���v���µ�•���~���}�l�o�����Ç�•���������o�[��������� �u�]���������•���^���]���v�����•��������
�o�[�h�Z�^�^���í�í�ñ�W���í�ì�î�ñ�t�í�ì�î�ó

TABLES AND FIGURES 

Species ���������•�•�]�}�v���v�µ�u�����Œ�Ó�K�Œ�]�P�]�v�Ô ���E�����‰�o�}�]���Ç���o���À���o�Õ

L. binervosum Lb2013I4P1SJ ���À���]�Œ�}�U���^���}���:�����]�v�š�} 4x

L. binervosum Lb2010I1CM Figueira da Foz, Cabo Mondego 4x

L. binervosum Lb2010I2CM Figueira da Foz, Cabo Mondego 4x

L. dodartii �>���î�ì�í�í�/�í�õ���^�� �K�����u�]�Œ���U���������}���^���Œ�����}�U���W�}�Œ�š�µ�P���o4x

L. nydeggeri �>�v�î�ì�ì�õ�/�í�ï�� Peniche, Baleal 2x

L. nydeggeri �>�v�î�ì�ì�õ�/�ï�^�Z �W���v�]���Z���U���^�Œ���X�����}�•���Z���u� ���]�}�•2x

L. nydeggeri �>�v�î�ì�ì�õ�/�ð�^�Z �W���v�]���Z���U���^�Œ���X�����}�•���Z���u� ���]�}�•2x

L. nydeggeri �>�v�î�ì�ì�õ�/�ò�^�Z �W���v�]���Z���U���^�Œ���X�����}�•���Z���u� ���]�}�•2x

L. nydeggeri �>�v�î�ì�ì�õ�/�í�� Aljezur, Carrapateira 2x

L. ovalifolium �>�}�î�ì�ì�õ�/�î 2x

L. ovalifolium �>�}�î�ì�ì�õ�/�î���Z Cascais, Cabo Raso 2x

L. ovalifolium �>�}�î�ì�ì�õ�/�í�> Lagos, Praia da Luz 2x

L. ovalifolium �>�}�î�ì�ì�õ�/�ñ���^ Vila do Bispo, Cabo de Sagres 2x

Table 1:���s�}�µ���Z���Œ���•�‰�����]�u���v�•�����v�����‰�Œ�}�À���v���v�������}�(���‰�o���v�š�•���µ�•�������]�v���š�Z�����P���v���š�]�������Œ�}�•�•���•�X�����o�o���‰�o���v�š�•���Á���Œ�����}�Œ�]�P�]�v���š�������(�Œ�}�u��
�•�������•�����}�o�o�����š�������]�v�����}�v�š�]�v���v�š���o���W�}�Œ�š�µ�P���o�X���/�v�(�}�Œ�u���š�]�}�v���}�v���•�‰�����]���•���]�•���]�v�����o�‰�Z�������š�]�����o���}�Œ�����Œ�U�����v�����]�v�(�}�Œ�u���š�]�}�v���}�v���‰�o�}�]���Ç���]�•��
�P�]�À���v�X��	
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Parental plant accession 
number

 Percentage of 
viable pollen/
flower

No. of pollen 
grains/flower

Offspring average of pollen 
viability percentage

No. of 
offspring 
individuals

Diploid/Diploid Diploid x Diploid

�>�}�î�ì�ì�õ�/�í�> �õ�ô�X�ñ�� �ñ�õ�õ �ô�ó�X�ó���~�î�ô�ñ�õ�• �õ

�>�}�î�ì�ì�õ�/�î �õ�ô�� 844

�>�v�î�ì�ì�õ�/�í�ï�� �õ�õ�X�î�� 784 �ô�î�X�ó���~�ð�ï�ì�î�• 11

�>�}�î�ì�ì�õ�/�ñ���^ �õ�ô�X�ô�� 508

�>�v�î�ì�ì�õ�/�í�ð�^�Z 100 715 �ô�î�X�ð���~�í�í�ò�ï�• 5

�>�}�î�ì�ì�õ�/�ñ���^ �õ�ô�X�ô�� 508

�>�v�î�ì�ì�õ�/�ò�^�Z �õ�õ�X�ò 464 �ô�î�X�ô���~�ï�ì�ï�ò�• 8

�>�}�î�ì�ì�õ�/�ñ���^ �õ�ô�X�ô�� 508

�>�}�î�ì�ì�õ�/�î���Z �õ�õ�X�õ�� 661 �ó�ò�X�í���~�î�ï�î�î�• 6

�>�}�î�ì�ì�õ�/�ñ���^ �õ�ô�X�ô�� 508

Tetraploid/Diploid Tetraploid x Diploid

Lb2013I4P1SJ �ô�X�ï 456 �ï�X�í���~�í�ó�ò�ò�• 4

�>�v�î�ì�ì�õ�/�ï�^�Z �õ�ô�X�í 256

Lb2010I1CM �ô�ó�X�ó �ï�õ�ó �ì�X�ñ���~�î�ï�ô�ñ�• 6

�>�v�î�ì�ì�õ�/�ï�^�Z �õ�ô�X�í 256

Lb2010I2CM �ô�î�X�ð 450 �î�X�í���~�î�ó�ì�ò�• 4

�>�v�î�ì�ì�õ�/�ï�^�Z �õ�ô�X�í 256

�>���î�ì�í�í�/�í�õ���^�� �ò�ñ�X�ô 435 �í�X�ñ���~�í�ì�ð�ñ�• 2

�>�v�î�ì�ì�õ�/�í�� �õ�õ�X�í 443

Table 2: �W�}�o�o���v���À�]�����]�o�]�š�Ç���}�(���u�}�š�Z���Œ���‰�o���v�š�•�����v�����}�(���}�(�(�•�‰�Œ�]�v�P�X���d�Z�����v�µ�u�����Œ���}�(���‰�}�o�o���v���P�Œ���]�v�•�����v���o�Ç�Ì�������]�v���š�Z�����}�(�(�•�‰�Œ�]�v�P���]�•��
�P�]�À���v���]�v���‰���Œ���v�š�Z���•�]�•�X

Figure 1: Pollen viability in Limonium. ���X���s�]�����o�����‰�}�o�o���v���]�v��L. ovalifolium�V�����v�������X���h�v�À�]�����o�����‰�}�o�o���v���]�v��L. binervosum�X��
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ABSTRACT  
�/�v�À���•�]�À���� ���o�]���v�� �‰�o���v�š�� �‰���•�š�•�� ���v���� ���]�•�����•���•�� ���o�Œ�������Ç�� �‰�}�•���� ���� ���}�v�•�]�����Œ�����o���� �š�Z�Œ�����š�� �š�}�� �‰�o���v�š�� �Z�����o�š�Z�� �Á�}�Œ�o���Á�]�����X�� �t�]�š�Z�� �š�Z����
increased globalisation of trade in plants and plant material, and the effects of a changing climate, this threat is 
�‰�Œ�����]���š�������š�}�����}�v�š�]�v�µ�����š�}���Œ�]�•���X���/�v���Œ�������v�š���Ç�����Œ�•�U���š�Z�����Á�}�Œ�o�����Z���•���•�����v�������•�Z���Œ�‰���Œ�]�•�����]�v���š�Z�����v�µ�u�����Œ���}�(���š�Z���•�����Z���Œ�u�(�µ�o���]�v�À���•�]�À����
�}�Œ�P���v�]�•�u�•���Á�Z�]���Z�������µ�•�����o���Œ�P�����•�����o�������v�À�]�Œ�}�v�u���v�š���o�����v���������}�v�}�u�]���������u���P���X�������•�]�P�v�]�(�]�����v�š���]�•�•�µ�����]�v���u���v���P�]�v�P���š�Z�]�•���š�Z�Œ�����š���]�•��
�‰�Œ�����]���š�]�v�P���Á�Z�]���Z���}�Œ�P���v�]�•�u�•���Á�]�o�o���‰�}�•���������š�Z�Œ�����š���]�v���š�Z�����(�µ�š�µ�Œ���X���W�Œ���À���v�š�]�}�v���]�•�����Œ�P�µ�����o�Ç���š�Z�����u�}�•�š�����(�(�����š�]�À�����Á���Ç���š�}���u���v���P����
�š�Z���•�����}�Œ�P���v�]�•�u�•�V���Z�}�Á���À���Œ���Œ���P�µ�o���š�]�}�v���Œ���o�]���•���µ�‰�}�v���o�]�•�š�•���}�(���l�v�}�Á�v���‰���•�š�•�����v�������]�•�����•���•�X���^���v�š�]�v���o���‰�o���v�š�•�����Œ�����]�v���]�À�]���µ���o�•��
�(�}�µ�v�����}�µ�š�•�]�������š�Z���]�Œ���v���š�]�À�����Œ���v�P���•���š�Z���š�������v���������•�µ�Œ�À���Ç�������(�}�Œ�������u���P�������Ç���}�Œ�P���v�]�•�u�•���š�Z���Ç���Á�}�µ�o�����v�}�š���}�š�Z���Œ�Á�]�•�������v���}�µ�v�š���Œ�X��
Monitoring plant sentinels can also help to build knowledge and understanding of pest/host relationships to support 
�š�Z���������À���o�}�‰�u���v�š���}�(���u���v���P���u���v�š���‰�o���v�•�����v�����Œ�]�•�l�����•�•���•�•�u���v�š�•�X

KEYWORDS
Pests, Diseases, Sentinel Plants, Invasive, Monitoring, Capacity Building

INTRODUCTION 
Introduced plant pests and diseases have had, and will 
continue to have, devastating impacts on plant species 
���Œ�}�µ�v���� �š�Z���� �Á�}�Œ�o���X�� �d�Z���� �š�Z�Œ�����š�� �(�Œ�}�u�� �v���Á�� �‰���•�š�•�� ���v����
pathogens is only set to rise as the rate of international 
trade increases, involving greater numbers of countries 
and trade routes, creating new pathways for their 
�]�v�š�Œ�}���µ���š�]�}�v�X
Most European countries utilise a process called Pest 
Risk Analysis (PRA) to regulate risk within trade, which 
�(�}���µ�•���•���}�v���l�v�}�Á�v���š�Z�Œ�����š�•�X�����•�������Œ���•�µ�o�š�U�������u���P�]�v�P���µ�v�l�v�}�Á�v��
�}�Œ�P���v�]�•�u�•�� �~�Z�µ�v�l�v�}�Á�v�•�[�•�� ���Œ���� �}�(�š���v�� �o���(�š�� �µ�v�Œ���P�µ�o���š�����U��
increasing the chances of their introduction into new 
���}�µ�v�š�Œ�]���•�X�� ���� �l���Ç�� �]�•�•�µ���� �š�Z���š�� �•���]���v�š�]�•�š�•�� �(�������� �]�•�� �š�Œ�Ç�]�v�P�� �š�}��
predict which of these organisms could/will cause 
�‰�Œ�}���o���u�•���(�}�Œ���‰�o���v�š�•���]�v���š�Z�����(�µ�š�µ�Œ���U�����v�����Á�Z���Œ���X
Botanic gardens and arboreta are in a unique position 
to aid in the identification of such unknowns; within 
their collections they play host to expatriate plants that 
can act as sentinels for these potentially invasive and 
�����u���P�]�v�P���}�Œ�P���v�]�•�u�•�X��
The International Plant Sentinel Network (IPSN) was 
�•���š�� �µ�‰�� ���•�� ���v�� �����Œ�o�Ç�r�Á���Œ�v�]�v�P�� �•�Ç�•�š���u�� �(�}�Œ�� �(�µ�š�µ�Œ���� �‰���•�š��
���v���� ���]�•�����•���� �š�Z�Œ�����š�•�� �~�<�Œ���u���Œ�� ���v���� �,�]�Œ���� �î�ì�í�í�•�X�� �d�Z���Œ����
are over 3,000 botanical institutes around the world, 
�Á�Z�]���Z�� �Z�}�µ�•���� �ï�ì�r�ð�ì�9�� �}�(�� �l�v�}�Á�v�� �‰�o���v�š�•�� �~�D�}�µ�v������et al�X��
�î�ì�í�ó�•�X�� �/�v�š�Œ�}���µ�������� �‰�o���v�š�•�� �]�v�� �š�Z���•���� �P���Œ�����v�•�� ���Œ���� ���o�Œ�������Ç��

���•�š�����o�]�•�Z������ �]�v�� �v�}�v�r�v���š�]�À���� �Œ���P�]�}�v�•�X�� �d�Z���� �v���š�Á�}�Œ�l�� �µ�•���•��
enhanced monitoring of plants that are growing outside 
their natural regions for damage by all the organisms that 
���Æ�]�•�š�� �]�v�� �š�Z���� �v���Á�� ���v�À�]�Œ�}�v�u���v�š�V�� �]�X���X�� �Z�•���v�š�]�v���o�� �‰�o���v�š�•�[�X�� ���•��
�Á���o�o�����•���Z���o�‰�]�v�P���š�}���]�����v�š�]�(�Ç���Z�µ�v�l�v�}�Á�v�•�[���}�Œ���Z�(�µ�š�µ�Œ�����š�Z�Œ�����š�•�[�U��
research can also provide key information about pests 
and diseases that scientists already know but which are 
�‰�}�}�Œ�o�Ç�����Z���Œ�����š���Œ�]�•�����X���d�Z�����u�}�Œ�����•���]���v�š�]�•�š�•���~���v�������}�š���v�]�����o��
institutes) know, the better the management plans 
that can be put in place to prevent the introduction of 
such pests and/or slow or stop their establishment and 
�•�‰�Œ�������X�� �&�}�Œ�� �š�Z�]�•�� �Œ�����•�}�v�U�� �š�Z���� ���]�u�� �}�(�� �š�Z���� �/�W�^�E�� �]�•�� �š�}�� ���Œ�]�v�P��
together experts from different backgrounds who work 
in plant health, including those working in governments, 
academic institutions and NGO’s combined with staff 
�Á�}�Œ�l�]�v�P���]�v�����}�š���v�]�����P���Œ�����v�•�����v�������Œ���}�Œ���š���X��
BGCI manages two unique databases that contribute to 
�/�W�^�E�� �����š�]�À�]�š�]���•�X�� �'���Œ�����v�^�����Œ���Z�� �~�î�ì�í�ô�•�U�� ���� �P�o�}�����o�� �����š�������•����
of all known gardens listing key information such as 
significant collections, location (country, region, GPS 
coordinates) and contact details, all of which can be 
�µ�•�������š�}���]�����v�š�]�(�Ç���P���Œ�����v�•���]�v�����Œ�����•���}�(���]�v�š���Œ���•�š�X���W�o���v�š�^�����Œ���Z��
(2018), a global database cataloguing living plant, seed 
and tissue collections of gardens, allows the location of 
particular species in countries around the world to be 
�]�����v�š�]�(�]�����X�����}�š�Z���}�(���š�Z���•�����š�}�}�o�•�������v���������µ�•�������š�}���Z���o�‰���]�����v�š�]�(�Ç�U��
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�(�����]�o�]�š���š���� ���v���� ���Œ�]�À���� �Œ���•�����Œ���Z�X�� �&�}�Œ�� ���Æ���u�‰�o���U�� �•�š�µ���Ç�]�v�P�� �š�Z����
susceptibility of Fraxinus�� �š�}�� ���Æ�}�š�]���� �‰���•�š�•�� ���v���� ���]�•�����•���•�X��
GardenSearch and PlantSearch can be used to identify 
gardens that have Fraxinus�� �]�v�� �š�Z���]�Œ�� ���}�o�o�����š�]�}�v�•�X�� �d�Z���•����
collections can be surveyed in regions where the species 
is not native in order to determine which exotic pests 
and diseases are likely to cause damage if introduced 
�š�}�� �š�Z���]�Œ�� �v���š�]�À���� �Œ���P�]�}�v�X�� �&�]�P�X�� �í�� �•�Z�}�Á�•�� �š�Z���� ���}�u�u�}�v�� ���•�Z��
species Fraxinus excelsior in nearly 200 botanic garden 
���}�o�o�����š�]�}�v�•�����Œ�}�µ�v�����š�Z�����Á�}�Œ�o���X
Advantages of botanic garden collections include 
established planting and also provide the opportunity to 
study older specimens, which can be important when 
���•�•���•�•�]�v�P�� �š�Z���� �Œ�]�•�l�� ���� �‰���•�š�� �‰�}�•���•�� �š�}�� ���� �‰���Œ�š�]���µ�o���Œ�� �•�‰�����]���•�X�� �/�v��
addition botanic gardens and arboreta have trained and 
�‰���•�•�]�}�v���š���� �•�š���(�(�� �š�Z���š�� �Á�}�Œ�l�� �}�v�� ���� �����Ç�r�š�}�r�����Ç�� �����•�]�•�� �Á�]�š�Z�� �š�Z����
�‰�o���v�š�•���]�v���š�Z���]�Œ�������Œ���X���'���Œ�����v���•�š���(�(�[�•�������]�o�]�š�Ç���š�}���Œ�����}�P�v�]�•���U�����v����
importantly understand, unusual changes in a plant’s health 
will be central to the identification of damaging organisms 
Although botanic gardens and arboreta offer excellent 
sites to carry out sentinel plant research they are 
���µ�Œ�Œ���v�š�o�Ç�� �}�(�š���v�� �}�À���Œ�o�}�}�l������ ���Ç�� �Œ���•�����Œ���Z���Œ�•�X�� �d�Z���� �/�W�^�E��
raises awareness and trains staff working in botanic 
gardens and arboreta so that they could look for pests and 
diseases within their gardens and share this information 
�Á�]�š�Z�����‰�‰�Œ�}�‰�Œ�]���š�������Æ�‰���Œ�š�•�X��

	 The International Plant Sentinel Network. 
�d�Z���� �/�W�^�E�� �]�•�� �(�µ�v�������� �š�Z�Œ�}�µ�P�Z�� ���h�W�,�Z���^���K�� �~���v�� ���Z���r�E���d��
project) by the Department for the Environment, Food 
���v�����Z�µ�Œ���o�����(�(���]�Œ�•���~�����(�Œ���•�����v�������}�}�Œ���]�v���š���������Ç�����'���/�X���d�Z���Œ����
���Œ�������µ�Œ�Œ���v�š�o�Ç���í�ó�����µ�‰�Z�Œ���•���}���‰���Œ�š�v���Œ�•���]�v���í�ñ�����}�µ�v�š�Œ�]���•���~�(�]�P�X��
2) carrying out research, capacity building and outreach 
�Œ���o���š�������š�}�����}�š���v�]�����P���Œ�����v���•���v�š�]�v���o���Á�}�Œ�l�X���d�Z�����‰���Œ�š�v���Œ�•�����Œ����
�(�Œ�}�u�����µ�Œ�}�‰���U���h�^���U���E���Á���•�����o���v�������v�������µ�•�š�Œ���o�]���X��

Figure 1: Ash (Fraxinus 
excelsior) growing in botanic 
garden collections around the 
�Á�}�Œ�o���X��
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Figure 2:�����µ�‰�Z�Œ���•���}���‰���Œ�š�v���Œ�•���]�v�À�}�o�À�������]�v���š�Z�����/�W�^�E���v���š�Á�}�Œ�l�X��

An example of activities of a Eurphresco partner includes 
the Botanic Gardens Meise (Agentschap Plantenuin) in 
Belgium, which has set up a National Sentinel Network 
working with 11 botanic gardens in the country to 

increase capacity for survey and identification of 
���u���Œ�P�]�v�P���‰���•�š�•�����v�������]�•�����•���•�X��

Figure 3:���>�}�����š�]�}�v���}�(���/�W�^�E���u���u�����Œ���P���Œ�����v�•�X��
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There are 42 gardens that are members of the IPSN 
�v���š�Á�}�Œ�l�� �~�(�]�P�X�ï�•�X�� ���o�o�� �P���Œ�����v�•�� �]�v�� ���'���/�[�•�� �v���š�Á�}�Œ�l�� ���Œ����
���v���}�µ�Œ���P������ �š�}�� �������}�u���� �‰���Œ�š�� �}�(�� �š�Z���� �/�W�^�E�� �v���š�Á�}�Œ�l�X�� �d�Z����
network is truly international with participants from 
around Europe and further afield including Australia, 
�E���Á���•�����o���v���U�����Z�]�v���U���Z�µ�•�•�]���U���^�}�µ�š�Z�����(�Œ�]���������v�����š�Z�����h�^�X��
One of the main aims of the IPSN is to create links at 
the national level between botanic gardens and arboreta 
and national and regional plant protection organisations 
�~�Z�W�W�K�[�•�����v�����E�W�W�K�[�•�•�X���^�}�u�������Æ���u�‰�o���•���}�(���š�Z�]�•���]�v���o�µ�������W�o���v�š��
Health Australia (PHA), which is working with 10 BG’s in 
Australia and tasking them with surveillance, reporting 
���v���� ���Œ�����]�����š�]�}�v�� �}�(�� �‰���•�š�•�� ���v���� ���]�•�����•���•�X�� �/�v�� �š�Z���� �h�<�U�� �š�Z����
IPSN holds an annual workshop that brings together 
�h�<���P���Œ�����v�•�����v�����&���Œ�����~�š�Z�����h�<�[�•���E�W�W�K�•�X�������š�]�À�]�š�]���•���]�v���o�µ������
collaborations such as surveys on new and emerging 
�‰���•�š�•�����v�������]�•�����•���•�X��
International collaborations such as surveys for specific 
�Z�}�•�š�•�l�‰���•�š�•�� �}�Œ�� �Œ���P�]�}�v�•�� ���Œ���� ���}�}�Œ���]�v���š������ ���Ç�� ���'���/�X�� �d�Z���•����
surveys have been run to generate valuable research 
information on new and emerging pests and disease 
that can be used by NPPO’s to evaluate risk on the 

�v���š�]�}�v���o���}�Œ���Œ���P�]�}�v���o���W�Z���[�•�X�������(���Á���Œ�������v�š�����Æ���u�‰�o���•���]�v���o�µ������
�D���o���o���µ�����U���d�������š�Œ�������•�‰�����]���•���š�Z���š�����Œ�����v���š�]�À�����š�}�����µ�•�š�Œ���o�]���X��
PHA was interested in which pests and diseases outside 
�}�(�����µ�•�š�Œ���o�]�����u�]�P�Z�š�����(�(�����š���š�Z�]�•���•�‰�����]���•�X�����'���/���Œ���v�������•�µ�Œ�À���Ç�U��
identifying those gardens that have these species in 
their collections and requesting information on pests 
���v�������]�•�����•���•���š�Z���š�����(�(�����š���š�Z���u�X���d�Z�]�•���]�v�(�}�Œ�u���š�]�}�v���Á���•���š�Z���v��
�(������ �������l�� �š�}�� �W�,���X�� �&�����]�o�]�š���š������ ���Ç�� ���'���/�� �š�Z�Œ�}�µ�P�Z�� �š�Z���� �/�W�^�E��
network; the European Plant Protection Organisation 
(EPPO) gathered information on Massicus raddei, a 
�����Œ���u���Ç���]���� �������š�o���� �}�Œ�]�P�]�v���š�]�v�P�� �]�v�� ���•�]���X�� �d�Z�]�•�� �]�v�•�����š�� �]�•��
reported as a pest of oak and chestnuts in its native 
range (Quercus serrata, Q. acutissima; Castanea crenata, 
Castanea mollissima�•�X�� �,�}�Á���À���Œ�U�� �š�Z���Œ���� �]�•�� �v�}�� �����š���� �}�v�� �]�š�•��
�]�u�‰�����š���}�v�����µ�Œ�}�‰�����v���•�‰�����]���•���}�(���}���l�����v�������Z���•�š�v�µ�š�•�X�����W�W�K��
�Á���•���]�v�š���Œ���•�š�������š�}���l�v�}�Á���]�(�����}�š���v�]�����P���Œ�����v�•���˜�����Œ���}�Œ���š�����]�v��
���Z�]�v���U�� �:���‰���v�U�� �<�}�Œ������ �s�]���š�v���u�� �}�Œ�� �&���Œ�r�����•�š�� �Z�µ�•�•�]���v�� �Z���À����
already recorded damage due to this insect on European 
�•�‰�����]���•�� �}�(�� �K���l�� ���v���� ���Z���•�š�v�µ�š�X�� �'���Œ�����v�•�� �Á�]�š�Z�� ���µ�Œ�}�‰�����v��
oaks in the region were identified by BGCI and contacted 
�š�}�� �‰�Œ�}�À�]������ �]�v�(�}�Œ�u���š�]�}�v�� �š�}�� ���W�W�K�X�� �d�Z�]�•�� �]�v�(�}�Œ�u���š�]�}�v�� �Á���•��
�š�Z���v���]�v���}�Œ�‰�}�Œ���š�������]�v�š�}���š�Z�����W�Z���X��

BUILDING CAPACITY 
One of the aims of the IPSN is to build capacity within 
botanic gardens and arboreta to survey for new and 
���u���Œ�P�]�v�P�� �‰���•�š�•�� ���v���� ���]�•�����•���•�X�� �^�]�Æ�� �Á�}�Œ�l�•�Z�}�‰�•�� �Z���À����
been held in four countries in addition to a European 
conference held in collaboration with the EU Life+ project 
�K���•���Œ�À���š�Œ�������~�����h�<���‰�o���v�š���Z�����o�š�Z�����]�š�]�Ì���v���•���]���v�������‰�Œ�}�i�����š�•�X��
Several resources have been created and are available 
�}�v���š�Z�����/�W�^�E���Á�����•�]�š�����Á�Á�Á�X�‰�o���v�š�•���v�š�]�v���o�X�}�Œ�P�X���d�Z�����Á�����•�]�š����
�‰�Œ�}�À�]�����•�� ���� �Z�����v�š�Œ���o�]�•������ �Z�µ���[�� �(�}�Œ���v���š�Á�}�Œ�l�� �‰���Œ�š�]���]�‰���v�š�•�� �š�}��
share general information about the IPSN, examples of 
�����•�š�� �‰�Œ�����š�]�•���U�� ���µ�Œ�Œ���v�š�� �v���Á�•�� ���v���� ���À���v�š�•�X�� ���� �l���Ç�� �(�����š�µ�Œ����

�}�(�� �š�Z���� �Á�����•�]�š���� �]�•�� �]�š�•�� �Z�D���u�����Œ�•�� �K�v�o�Ç�[�� ���Œ������ �Á�Z�]���Z�� �Z���•��
been developed to share resources including training 
�u���š���Œ�]���o�•�U���•�š���v�����Œ���]�•�������‰�Œ�}�š�}���}�o�•�U���o�]�v�l�•�����v�����(�}�Œ�µ�u�•�X��
The IPSN Plant Health Checker is a major output of the 
�/�W�^�E�X�������Œ�o�Ç���}�v�U���]�š���Á���•���]�����v�š�]�(�]�������š�Z���š���š�Z�����‰�Œ�}�i�����š���Œ���‹�µ�]�Œ������
a tool to enable member gardens to assess and record 
changes in plant health in a consistent, systematic and 
�Œ�]�P�}�Œ�}�µ�•�� �Á���Ç�X�� �d�Z�]�•�� �]�v�(�}�Œ�u���š�]�}�v�� ���}�µ�o���� �š�Z���v�� ������ �µ�•������ ���Ç��
�š�Z���]�Œ���‰�����Œ�•���}�Œ���•���v�š���š�}�����]���P�v�}�•�š�]���]���v�•���š�}�����]�����]�v�����]���P�v�}�•�]�•�X��
This resource has been translated into several languages 
���Ç���/�W�^�E���u���u�����Œ���P���Œ�����v�•�X��

CONCLUSIONS AND FUTURE WORK 
The IPSN will continue to build the network and 
demonstrate the potential of the network to interested 
���}�š���v�]���� �P���Œ�����v�•�� ���v���� ���Œ���}�Œ���š���� ���v���� �E�W�W�K�[�•�l�Z�W�W�K�[�•�X�� �d�Z����
network will be utilised to generate research finding to 

enable the reduction of the threat of new and emerging 
�‰���•�š�•�� ���v���� ���]�•�����•���•�X�� ���'���/�� �Á�]�o�o�� �Á�}�Œ�l�� �š�}�� ���v�•�µ�Œ���� �š�Z���š�� �š�Z����
�/�W�^�E���Z���•�������o�}�v�P�r�š���Œ�u���(�µ�š�µ�Œ���U�������À���o�}�‰�]�v�P�������(�Œ���u���Á�}�Œ�l���(�}�Œ��
�•���o�(�r�•�µ�•�š���]�v�����]�o�]�š�Ç�X
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COPING WITH PESTS IN A SMALL BOTANIC GARDEN:
20 YEARS OF INTEGRATED PEST MANAGEMENT 

C. DUGARDIN*, P. GOETGHEBEUR

Ghent University Botanical Garden
�h�'���v�š�U���<���Œ���o���>�}�����Á�]�i�l���>�������P���v���l�•�š�Œ�����š���ï�ñ�U���'�Z���v�š�U���õ�ì�ì�ì�U�������o�P�]�µ�u
���Z���v�š���o�X���µ�P���Œ���]�v�›�µ�P���v�š�X����

ABSTRACT  
�d�Z�����'�Z���v�š���h�v�]�À���Œ�•�]�š�Ç�����}�š���v�]�����o���'���Œ�����v���]�•�������•�u���o�o���µ�v�]�À���Œ�•�]�š�Ç���P���Œ�����v���}�(���î�U�ó�ñ���Z�����Á�]�š�Z���ð�ì�ì�ì�u�ø���}�(���P�Œ�����v�Z�}�µ�•���•�X�����•���š�Z����
botanic garden houses more than 10 000 taxa, it creates a perfect environment for many organisms, both those 
�����v���(�]���]���o�����v�����Z���Œ�u�(�µ�o�X
Many years of chemical pest control in the public greenhouses resulted in sterile soil and outbreaks of different pest 
�}�Œ�P���v�]�•�u�•���•�µ���Z�����•�����‰�Z�]���•�U���u�����o�Ç�����µ�P�•�����v�����•�}�(�š���•�����o���X���/�v�š���P�Œ���š�������‰���•�š�����}�v�š�Œ�}�o���Á���•���]�v�š�Œ�}���µ���������•�}�u�����î�ì���Ç�����Œ�•�����P�}���]�v��
�}�Œ�����Œ���š�}���‰�Œ�}�À�]�����������Z�����o�š�Z�]���Œ�����v�À�]�Œ�}�v�u���v�š���(�}�Œ�����}�š�Z���P���Œ�����v���Œ�•�����v�����À�]�•�]�š�}�Œ�•�X��
�d�Z���� ���]�u�� �]�•�� �š�}�� �u�]�v�]�u�]�Ì���� �‰���•�š�� �����u���P���� �]�v�� �š�Z���� �P�Œ�����v�Z�}�µ�•���•�� ���Ç�� �Œ�����µ���]�v�P�� �š�Z���� �‰���•�š�� �}�Œ�P���v�]�•�u�•�� �š�}�� ���v�� ���������‰�š�����o���� �o���À���o�X��
The success of integrated pest management depends highly on a good knowledge of the life cycle of both pests 
���v���������v���(�]���]���o���}�Œ�P���v�]�•�u�•���š�Z���š�����Œ�����‰�Œ���•���v�š���]�v���š�Z�����P���Œ�����v�X���/�v�š�Œ�}���µ���]�v�P���š�Z�������}�Œ�Œ�����š���}�Œ�P���v�]�•�u�•�����š���š�Z�����Œ�]�P�Z�š���u�}�u���v�š���]�•��
���•�•���v�š�]���o���š�}���Œ�������Z���}�‰�š�]�u���o���Œ���•�µ�o�š�•���Á�Z�]�o�����Œ�����µ���]�v�P���š�Z�������}�•�š�•�X��
As sustainable management of botanic gardens is imperative, we try to maintain healthy collections by means of 
�]�u�‰�o���u���v�š�]�v�P�����v�����(�(�]���]���v�š���u�}�v�]�š�}�Œ�]�v�P���•�Ç�•�š���u���•�µ�‰�‰�}�Œ�š�]�v�P���]�v�š���P�Œ���š�������‰���•�š�����}�v�š�Œ�}�o�X
Actions include improving the greenhouse climate conditions, mechanical control (by means of pruning or hosing) 
���v�����]�v�š�Œ�}���µ���š�]�}�v���}�(�������v���(�]���]���o���]�v�•�����š�•���~�‰���Œ���•�]�š���•�����v�����‰�Œ�������š�}�Œ�•�•�X���/�v�š���Œ�À���v�š�]�}�v�•���Á�]�š�Z�����Z���u�]�����o���‰���•�š�]���]�����•�����Œ�����l���‰�š���š�}�����v��
�����•�}�o�µ�š�����u�]�v�]�u�µ�u�X��
Although the initial cost was quite high, we managed to get good results on the management of many of the original 
�‰���•�š���}�Œ�P���v�]�•�u�•�X���h�v�(�}�Œ�š�µ�v���š���o�Ç�U���v�}�š���µ�•�]�v�P�����Z���u�]�����o�•���Z���•���o�������š�}���}�š�Z���Œ���‰���•�š�•�����u���Œ�P�]�v�P���•�µ���Z�����•�����Œ�u�}�Œ�������•�����o���X�����u�}�v�P�•�š��
the problems we encountered were the lack of identification tools of the different species and the availability of 
�����v���(�]���]���o���}�Œ�P���v�]�•�u�•���š�Z���š���]�•���v�}�š�����o�Á���Ç�•�����v�•�µ�Œ�����X��
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INTRODUCTION
The Ghent University Botanic Garden is a small garden 
�}�(���î�U�ó�ñ���Z�����Á�]�š�Z���ð�ì�ì�ì���u�ø���}�(���P�Œ�����v�Z�}�µ�•���•�X���d�Z�����š�Z�Œ�������u���]�v��
public greenhouses (Victoria, tropical and Mediterranean 
�P�Œ�����v�Z�}�µ�•���•���Z�}�µ�•�����•�}�u�����î�ì�ì�ì���š���Æ�����}�v���í�õ�í�ï���u�ø�X
Integrated pest management (IPM) tries to solve pest 
problems through a combination of multiple tactics 
(habitat manipulation, cultural practices, biological 
control) in an ecologically and economically sound 
�u���v�v���Œ���~�í�U�î�•�X���/�š���Á���•���]�v�š�Œ�}���µ���������]�v���Z�}�Œ�š�]���µ�o�š�µ�Œ�������(�š���Œ���t�}�Œ�o����
�t���Œ���/�/�X�����µ�����š�}���š�Z�������Æ�š���v�•�]�À�����µ�•�����}�(�����Z���u�]�����o���]�v�•�����š�]���]�����•��
problems such as pest resistance, secondary pest 
outbreaks and environmental contamination emerged 
�~�í�•�X���E���À���Œ�š�Z���o���•�•�U���]�š���Á���•���}�v�o�Ç���(�Œ�}�u���š�Z���������P�]�v�v�]�v�P���}�(���š�Z����
�î�í�å�æ�������v�š�µ�Œ�Ç���š�Z���š���]�v�š���P�Œ���š�������‰���•�š���u���v���P���u���v�š���(�}�µ�v�����]�š�•��
�Á���Ç���]�v�š�}���š�Z�����'�Z���v�š���h�v�]�À���Œ�•�]�š�Ç�����}�š���v�]�����o���'���Œ�����v�X
The use of chemical insecticides in the greenhouses did 

�v�}�š�����o�Á���Ç�•���Z���À�����š�Z�������]�u�������Œ���•�µ�o�š�X�����•���•�}�u�����}�(���š�Z�����‰�o���v�š�•��
grow up to 13 m high and the canopy is very dense, it 
proved to be difficult to reach all plants with a chemical 
�š�Œ�����š�u���v�š�X�� �/�v�� �}�Œ�����Œ�� �š�}�� ���Œ�����š���� ���� �Z�����o�š�Z�Ç�� ���v�À�]�Œ�}�v�u���v�š�U��
both for garden staff and visitors, and to reduce the 
use of harmful chemicals, an integrated approach of 
�‰���•�š�����}�v�š�Œ�}�o���Á���•���]�v�š�Œ�}���µ�������X���d�Z�������]�u���Á���•���š�}���‰�Œ���À���v�š���}�Œ��
���}�v�š���]�v���š�Z�����}�����µ�Œ�Œ�]�v�P���‰���•�š�•���š�}�����v�����������‰�š�����o�����o���À���o�X��
As arthropods (insects and mites) are the main problem 
in the greenhouses of the botanical garden, this article 
focuses on the control of insects and mites emerging in 
�š�Z�������}�š���v�]�����o�����}�o�o�����š�]�}�v�•�X
Creating optimal growing conditions for the plants is 
�}�(�� �u���i�}�Œ�� �]�u�‰�}�Œ�š���v�����X�� �,�����o�š�Z�Ç�� ���v���� �P�}�}���� �P�Œ�}�Á�]�v�P�� �‰�o���v�š�•��
���Œ���� �o���•�•�� �o�]�l���o�Ç�� �š�}�� ������ ���š�š�����l������ ���Ç�� �]�v�•�����š�•�X�� �d�Z���Œ���(�}�Œ���U��
all environmental parameters such as temperature 
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���v���� �Z�µ�u�]���]�š�Ç�� �v�������� �š�}�� ������ �u�}�v�]�š�}�Œ������ ���v���� ���}�v�š�Œ�}�o�o�����X�� ����
good knowledge of the optimal growing conditions is 
necessary, yet in botanical collections with many different 
taxa providing the optimal conditions for all plants often 
�‰�Œ�}�À���•���š�}�����������]�(�(�]���µ�o�š�X
Biological pest control, which does not make use of 
chemicals, aims at creating a balance between harmful 
���v���������v���(�]���]���o���}�Œ�P���v�]�•�u�•�X���Z���P�µ�o���Œ���u�}�v�]�š�}�Œ�]�v�P���]�•�����•�•���v�š�]���o��
in order to follow the evolution of both pest organisms 

���v���� �š�Z���]�Œ�� �v���š�µ�Œ���o�� ���v���u�]���•�X�� ���� �u�}�v�]�š�}�Œ�]�v�P�� �•�Ç�•�š���u�� �Á���•��
introduced, which controls all public greenhouses in a 
�•�š���v�����Œ�����Á���Ç�X��
The aim is to maximize the use of biological antagonists 
(predators and parasites) and at the same time to reduce 
�š�Z�����µ�•�����}�(�����Z���u�]�����o���‰���•�š�����}�v�š�Œ�}�o���š�}�����v�������•�}�o�µ�š�����u�]�v�]�u�µ�u�X��
Other suppressive tactics such as pruning or hosing are 
���o�•�}���µ�•�����X����

MATERIAL AND METHODS
	 Environment 
The project focuses on the main public greenhouses: the 
Victoria greenhouse, the Tropical and the Mediterranean 
�P�Œ�����v�Z�}�µ�•���X���d�Z�����P�Œ�����v�Z�}�µ�•���•�����Œ���������š�Á�����v���õ���u�����v�����í�ï���u��
�Z�]�P�Z�����v�����Z���À���������š�}�š���o���•�µ�Œ�(���������}�(���í�õ�í�ï���u�ø�X���D�}�•�š���‰�o���v�š�•�����Œ����
�‰�o���v�š���������]�Œ�����š�o�Ç���]�v���š�Z�����•�}�]�o�X�����•���š�Z�����‰�o���v�š�•�����Œ�����}�v�����]�•�‰�o���Ç��
for the public, they stay in the same spot for many years 
���v�����}�(�š���v���(�}�Œ�u�����������v�•���������v�}�‰�Ç�X���������Z���Ç�����Œ���š�Z�����š�Œ�����•�����v����
�Á�}�}���Ç���‰�o���v�š�•�����Œ�����‰�Œ�µ�v�������Á�Z���Œ�����v�������•�•���Œ�Ç�X
Temperature in the greenhouses is automatically 
���}�v�š�Œ�}�o�o�����X���d�Z�����Z�����š�]�v�P���•�Ç�•�š���u�����}�v�•�]�•�š�•���}�(���À���v�š�]�o���š�}�Œ�•���~�Z�}�š��
air blowers), which have a drying effect on the air moisture 
�o���À���o�X�����µ�Œ�]�v�P���š�Z�����o���•�š���š�Á�}���������������•���š�Z���Œ�����Á���•���v�}���•�‰�Œ�]�v�l�o���Œ��
�•�Ç�•�š���u���]�v���‰�o�������X���,�µ�u�]���]�š�Ç���Á���•�� �u���]�v�š���]�v������ ���Ç���Z�}�•�]�v�P���š�Z����
�‰���š�Z�•�X���d�Z�����‰�o���v�š�•�����Œ�����Á���š���Œ�������u���v�µ���o�o�Ç���Á�]�š�Z���Œ���]�v�Á���š���Œ�X��
The Victoria greenhouse has a big central pond, which 
���v�Z���v�����•�� �š�Z���� �Z�µ�u�]���]�š�Ç�� �]�v�� �š�Z�]�•�� �P�Œ�����v�Z�}�µ�•���X�� �d�Z���� �����v�•����
canopy creates a rather dark atmosphere down below 
�]�v�� �š�Z���� �d�Œ�}�‰�]�����o�� �P�Œ�����v�Z�}�µ�•���X�� �d�Z���� �š���u�‰���Œ���š�µ�Œ���� �]�v�� �š�Z����
Mediterranean greenhouse is slightly cooler than in 
the other greenhouses, which delays the start of the 
���]�}�o�}�P�]�����o�����}�v�š�Œ�}�o���]�v���•�‰�Œ�]�v�P�X
Throughout the growing season the plants are weekly 
fertilized by means of liquid fertilizer, in order to create 
�Z�����o�š�Z�Ç���P�Œ�}�Á�š�Z�X���d�Œ�����•�����v�������]�P���•�Z�Œ�µ���•�����Œ�������o�•�}���P�]�À���v���•�š���Œ�š��
�(���Œ�š�]�o�]�Ì���š�]�}�v�����š���š�Z���������P�]�v�v�]�v�P���}�(���������Z���P�Œ�}�Á�]�v�P���•�����•�}�v�X

	 Monitoring
Proper pest identification is essential for good biological 
���}�v�š�Œ�}�o�X���D�}�v�]�š�}�Œ�]�v�P���}�(���š�Z�������Œ�}�‰���‰�Œ�}�À�]�����•���]�v�(�}�Œ�u���š�]�}�v���}�v��
���}�š�Z���‰���•�š�•�����v�������]�}�o�}�P�]�����o�����}�v�š�Œ�}�o�����P���v�š�•���~�î�U�ï�•�X��
At the start of the project a monitoring protocol was set up, 
�Á�Z�]���Z���Z���•���������v���µ�•�������•�Ç�•�š���u���š�]�����o�o�Ç���(�}�Œ���š�Z�����‰���•�š���í�ó���Ç�����Œ�•�X
In the greenhouse individual plants are checked for the 
�‰�Œ���•���v������ �}�(�� �‰���•�š�� �}�Œ�P���v�]�•�u�•�X�� �d�Z���� �����P�Œ������ �}�(�� �����u���P���� �]�•��
assessed as follows:
	 �ì���r��no pest present
	 �í���r low infestation���W���(���Á���]�v�(���•�š�������o�����À���•���~�D���î�ñ���9���}�(���š�Z����
�o�����À���•�����v�����D���î�ñ���9���}�(���š�Z�����o���u�]�v�������v�����‰���š�]�}�o���•

	 �î���r��moderate infestation : damage occurs to leaves 
�Á�]�š�Z�}�µ�š���À�]�•�]���o�Ç���•�µ�(�(���Œ�]�v�P���}�(���š�Z�����‰�o���v�š���~�E���î�ñ���9���}�(���š�Z�����o�����À���•��
���v���l�}�Œ���E���î�ñ���9���}�(���š�Z�����o���u�]�v�������v�����‰���š�]�}�o���•
	 �ï���r��heavy infestation : the plant is almost completely 
���(�(�����š�������~�E���õ�ì���9���}�(���š�Z�����o�����À���•�•�V�������}�À���P�Œ�}�µ�v�����‰���Œ�š�•�����]�����}�(�(��
�}�Œ�����Œ�����Z�����À�]�o�Ç�����}�v�š���u�]�v���š�����X

The damage per greenhouse is evaluated as follows:
	 �ì���r��no damage : the organism is not found
	 �í���r��low infestation : throughout in the greenhouse, 
several plants are slightly affected [1]; up to 1 plant is 
moderately affected [2]
	 �î���r��moderate infestation : throughout the greenhouse 
two or more plants are moderately affected [2]; maximum 
1 plant is strongly affected [3]
	 �ï���r��heavy infestation : two or more plants are strongly 
���(�(�����š�������€�ï�•�X
Monitoring of the occurring damage takes place based on the 
���•�š�]�u���š�������v�µ�u�����Œ�•���}�(�����š�š�����l���Œ�•�X�����•���u���v�Ç���‰�o���v�š�•�����•���‰�}�•�•�]���o����
���Œ�����]�v�•�‰�����š�����X���E���À���Œ�š�Z���o���•�•�U���]�š���]�•���v�}�š���‰�}�•�•�]���o�����š�}���u�}�v�]�š�}�Œ���������Z��
���v���� ���À���Œ�Ç�� �‰�o���v�š�� �]�v�� �š�Z���� �P�Œ�����v�Z�}�µ�•���X�� �W�o���v�š�•�� �š�Z���š�� ���Œ���� �(�µ�Œ�š�Z���Œ��
�(�Œ�}�u���š�Z�����‰���š�Z���}�Œ�������}�À�������Ç�����o���À���o�����•�����‰�����š�Z�}�Œ�}�µ�P�Z�����}�v�š�Œ�}�o�X��
�d�Z�����‰���Œ�����v�š���P�����}�(�����(�(�����š�������o�����À���•���]�•�����•�š�]�u���š�����X
In order to perform a good control one needs to know and 
recognize the occurring pests and beneficial organisms 
���•���Á���o�o�����•���š�Z���������u���P�����‰�]���š�µ�Œ���X

	 Use of suppressive tactics
	 Mechanical control (pruning - hosing)
Heavy infested plants are thoroughly pruned in order to 
�Œ�����µ�������š�Z�������u�}�µ�v�š���}�(���‰���•�š���}�Œ�P���v�]�•�u�•���]�v���š�Z�����P�Œ�����v�Z�}�µ�•���X��
This happened especially during the first years of 
�]�v�š���P�Œ���š������ �‰���•�š�� ���}�v�š�Œ�}�o�X�� �&�µ�Œ�š�Z���Œ�u�}�Œ���U�� ���À���Œ�Ç�� ���µ�š�µ�u�v��
�u�}�•�š�� �}�(�� �š�Z���� ���Æ�����•�•�]�À���� �P�Œ�}�Á�š�Z�� �]�•�� �‰�Œ�µ�v�����X�� �d�Z���� �µ�•���� �}�(�� ����
platform provides the opportunity to inspect the canopy 
�����}�À�����š�Z�������Ç�����o���À���o�X��
Heavy infestations of mealy bug are reduced by hosing 
�š�Z���� �‰�o���v�š�•�� �Á�]�š�Z�� �Á���š���Œ�� �}�Œ�� ���Ç�� ���Œ�µ�•�Z�]�v�P�� �š�Z���� �o�����À���•�X�� �d�Z�]�•��
method is especially used for plants close to the central 
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�‰�}�v���X���d�Z�����u�����o�Ç�����µ�P�•���(���o�o���]�v���š�Z�����Á���š���Œ���}�(���š�Z�����‰�}�v�������v����
���Œ�����•�µ���•���‹�µ���v�š�o�Ç�������š���v�����Ç���(�]�•�Z�X��
	 Use of predators or parasites
Organisms that kill or otherwise reduce the numbers 
�}�(�� ���v�}�š�Z���Œ�� �}�Œ�P���v�]�•�u�� ���Œ���� �����o�o������ �v���š�µ�Œ���o�� ���v���u�]���•�� �~�ï�•�X��
Currently many efficient species of natural enemies are 
���}�u�u���Œ���]���o�o�Ç�� ���À���]�o�����o���� �~�ð�•�X�� �/�v�� �š�Z�]�•�� �‰�Œ�}�i�����š�� �š�Z���� �v���š�µ�Œ���o��
enemies reduce the populations of pest organisms 
�‰�Œ�]�u���Œ�]�o�Ç���š�Z�Œ�}�µ�P�Z���‰���Œ���•�]�š�]�•�u���}�Œ���‰�Œ�������š�]�}�v�X
���� �‰�Œ�������š�}�Œ�� �l�]�o�o�•�� ���v���� �(�������•�� �}�v�� �]�š�•�� �‰�Œ���Ç�X�� �D�}�•�š�� �‰�Œ�������š�}�Œ�•��
�(�������� �}�v�� ���� �À���Œ�]���š�Ç�� �}�(�� �•�]�u�]�o���Œ�� �}�Œ�P���v�]�•�u�•�X�� �W�Œ�������š�}�Œ�•�� �š�Z���š��

control insect pests can belong to different taxa such as 
beetles (Coleoptera), bugs (Hemiptera), flies (Diptera), 
�o�������Á�]�v�P�•�� �~�E���µ�Œ�}�‰�š���Œ���•�� ���v���� �Á���•�‰�•�� �~�,�Ç�u���v�}�‰�š���Œ���•�X��
Mites (family Phytoseiidae) are very important in the 
���}�v�š�Œ�}�o�� �}�(�� �‰���•�š�� �u�]�š���•�� ���v���� �����Œ�š���]�v�� �]�v�•�����š�•�X�� �W���Œ���•�]�š���•�� ���Œ����
�}�Œ�P���v�]�•�u�•���š�Z���š���o�]�À�������v�����(���������]�v���}�Œ���}�v�������o���Œ�P���Œ���Z�}�•�š�X���d�Z���Ç��
are usually specialized and parasitize only one host in 
�š�Z���]�Œ���o�]�(���š�]�u���•�X���W���Œ���•�]�š�}�]���•�����Œ�����]�v�•�����š�•���š�Z���š���‰���Œ���•�]�š�]�Ì�������v����
�l�]�o�o���}�š�Z���Œ���]�v�À���Œ�š�����Œ���š���•�X���D�}�•�š���‰���Œ���•�]�š�}�]���•�����Œ�����]�v���š�Z�����]�v�•�����š��
�}�Œ�����Œ�•���,�Ç�u���v�}�‰�š���Œ�����~�Á���•�‰�•�•�����v�������]�‰�š���Œ�����~�(�o�]���•�•���~�ï�•�X��

RESULTS
At the start of the project the following pests were 
identified in the greenhouses: aphids, mealy bugs (citrus 
mealy bug, long tailed mealy bug), mites (Tetranychus 
spp.), scales (black scale, brown soft scale, hemispherical 
�•�����o���U���}�o�����v�����Œ���•�����o���•�����v�����Á�Z�]�š�����(�o�]���•�X��

Mealy bugs (Planococcus citri and Pseudococcus 
longispinus�•�� �Á���Œ���� �‰�Œ���•���v�š�� �]�v�� ���o�o�� �P�Œ�����v�Z�}�µ�•���•�X�� ���µ�Œ�]�v�P��
the first years parasitic wasps (Leptomastix dactylopi, 
Leptomastidea abnormis and Anagyrus fusciventris) 
and predatory lady beetles (Cryptolaemus montrouzieri) 
�Á���Œ���� �µ�•������ �š�}�� ���}�‰���� �Á�]�š�Z�� �š�Z���•���� �‰���Œ���•�]�š���•�X�� ���•�� �š�Z���� �o���À���o�•��
of infestation dropped, from 2007 onwards only 
Cryptolaemus�� �o���Œ�À������ �Á���Œ���� �]�v�š�Œ�}���µ�������X�� �d�Z���� �o���Œ�À������
were introduced during spring and summer months 
and were able to manage the mealy bug populations 
�š�}�� ���v�� ���������‰�š�����o���� �o���À���o�X�� �/�v�� �î�ì�í�ó�� �]�v�� ���o�o�� �P�Œ�����v�Z�}�µ�•���•�� �š�Z����
�]�v�(���•�š���š�]�}�v���Á�]�š�Z���u�����o�Ç�����µ�P�•���Á���•���o�}�Á���~�d�����o�����í�•�X

Scale insects proved to be a major pest at the beginning 
�}�(�� �š�Z���� �‰�Œ�}�i�����š�X�� �/�v�� �š�Z���� �s�]���š�}�Œ�]���� �P�Œ�����v�Z�}�µ�•���� ���v���� �u�}�Œ����
importantly in the Mediterranean greenhouse 
hemispherical scale (Saissetia coffeae) and oleander 
scale (Saissetia oleae) were abundantly present, whereas 
in the tropical greenhouse brown soft scale (Coccus 
hesperidum�•���(�}�Œ�u�������š�Z�������]�P�P���•�š���‰�}�‰�µ�o���š�]�}�v�X�����������]�P���‰���Œ�š��
of this population was already parasitized from the start 
with Encyrtus infelix, a parasitic wasp that was introduced 
�������}�µ�‰�o�����}�(���Ç�����Œ�•�������(�}�Œ���X���/�v�]�š�]���o�o�Ç���š�Z�������v���}�‰���Œ���•�]�š�]�����Á���•�‰��
Metaphycus flavus�� �Á���•�� �]�v�š�Œ�}���µ�������X�� �������]�š�]�}�v���o�o�Ç�� �š�Z����
parasitic wasp Microterys flavus���Á���•���]�v�š�Œ�}���µ���������]�v���î�ì�ì�ð�X��
At present, there is only a low level of brown soft scale 
�o���(�š���]�v���š�Z�����s�]���š�}�Œ�]�����P�Œ�����v�Z�}�µ�•���X��
To cope with both hemispherical and oleander scale 
(Saissetia coffeae and Saissetia oleae) we started off 
�Á�]�š�Z�� �š�Z���� �]�v�š�Œ�}���µ���š�]�}�v�� �}�(�� �D���š���‰�Z�Ç���µ�•�� �(�o���À�µ�•�X�� ���•�� �š�Z����
availability of this parasitic wasp was not always ensured, 

the parasitic wasps Coccophagus lycimnia, Microterys 
flavus and Metaphycus stanleyi were introduced over 
�š�Z���� �(�}�o�o�}�Á�]�v�P�� �Ç�����Œ�•�X�� �d�Z���� �‰�}�‰�µ�o���š�]�}�v�� �}�(�� �}�o�����v�����Œ�� �•�����o����
has sufficiently been reduced over the duration of the 
project; nevertheless there are still important hearths 
�}�(�� �Z���u�]�•�‰�Z���Œ�]�����o�� �•�����o���X�� �d�Z���� �o���š�š���Œ�� �}�Œ�P���v�]�•�u�� �‰�Œ�}�À������ �š�}��
be harder to manage, especially as the parasitic wasps 
(Coccophagus lycimnia) are not always commercially 
���À���]�o�����o���� �Á�Z���v�� �v�����������X�� �/�v�� �î�ì�í�ó�� �}�š�Z���Œ�� �‰���Œ���•�]�š�]���� �Á���•�‰�•��
(Encyrtus lecaniorum and Anagyrus fusciventris) were 
�]�v�š�Œ�}���µ���������š�}�����}�‰�����Á�]�š�Z���š�Z�]�•���‰���•�š�X

Hard scales proved to be difficult to identify at the start 
�}�(���š�Z�����‰�Œ�}�i�����š�X�����Æ�‰���Œ�š�•���(�}�µ�v�������}�š�Z��Furchadaspis zamiae 
and Diaspis boisduvalii�X�� �W�Œ�������š�}�Œ�Ç�� �o�����Ç�� �������š�o���•�� �•�µ���Z��
as Rhyzobius lophanta and Chilocorus nigritus were 
�]�v�š�Œ�}���µ���������š�Z�Œ�}�µ�P�Z�}�µ�š���š�Z�������µ�Œ���š�]�}�v���}�(���š�Z�����‰�Œ�}�i�����š�X���d�Z����
introduction of these predators did not result in lower 
���u�}�µ�v�š�•���}�(���‰���•�š���}�Œ�P���v�]�•�u�•�X���K�v���š�Z�������}�v�š�Œ���Œ�Ç�U���š�Z�������u�}�µ�v�š��
�}�(���Z���Œ�����•�����o���•���Z���•���P�Œ�}�Á�v���}�À���Œ���š�Z�����Ç�����Œ�•�X��

In the first year of the project there was a major attack of 
���‰�Z�]���•���]�v���š�Z�����s�]���š�}�Œ�]�����P�Œ�����v�Z�}�µ�•���X�����•�‰�����]���o�o�Ç���š�Z�����‰�o���v�š�•��
in the pond (Nymphaea and Victoria�•���Á���Œ�������š�š�����l�����X���/�v��
order to cope with this infestation predaceous midges and 
Asian lady beetle (Harmonia axyridis�•���Á���Œ�����Œ���o�����•�����X���d�Z����
result was not effective and the plants needed to be cut 
�������l�U���]�v���}�Œ�����Œ���š�}�����}�v�š���]�v���š�Z�����]�v�(���•�š���š�]�}�v�X���/�v���î�ì�ì�ð���•�Ç�Œ�‰�Z�]����
flies or hover flies (Episyrphus balteatus) and predaceous 
midges (Aphidoletes aphidimyza) were used to manage 
�š�Z���� ���‰�Z�]���� �‰�}�‰�µ�o���š�]�}�v�X�� �/�v�� �î�ì�í�í�� �‰�Œ�������š�}�Œ�Ç�� �o�����Ç�� �������š�o���•��
(Adalia bipunctata) and in 2013 parasitic wasps (Aphidius 
colemani) and predatory green lacewing (Chrysoperla 
carnea�•���Á���Œ�����]�v�š�Œ�}���µ�������X���/�v���š�Z�����o���•�š���Ç�����Œ���}�(���š�Z�����‰�Œ�}�i�����š��
the regular introduction of Aphidoletes aphidimyza 
�Œ�����µ���������š�Z�������‰�Z�]�����]�v�(���•�š���š�]�}�v���š�}�����v�����������‰�š�����o�����o���À���o�X��
During the initial years spider mites (Tetranychus sp.) 
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were registered locally in the Mediterranean greenhouse 
���µ�Œ�]�v�P���•�µ�u�u���Œ���u�}�v�š�Z�•�X���d�Z�]�•���]�•���}�(�š���v�����v�������µ�v�����v�š���‰���•�š��
of glasshouse and outdoor plants, which can develop 
�‹�µ�]���l�o�Ç���Á�Z���v�����}�v���]�š�]�}�v�•�����Œ�����Z�}�š�����v�������Œ�Ç�X���/�v�(���•�š�������o�����À���•��
�������}�u�������Z�o�}�Œ�}�š�]�������v�����•�‰�����l�o�������Á�]�š�Z���Ç���o�o�}�Á���~�î�•�X��
The temperature in the Victoria and tropical greenhouses 
are optimal for spider mites, but the high relative 
�Z�µ�u�]���]�š�Ç���Z���o�‰�•���š�}�����}�v�š���]�v���š�Z�����‰�}�‰�µ�o���š�]�}�v�•�X���/�v���������]�š�]�}�v�U���š�Z����
predatory mites Amblyseius cucumeris and Phytoseiulus 
persimilis are known to be extremely effective biological 
���}�v�š�Œ�}�o�����P���v�š�•�� �~�î�U�ï�•�X���d�Z���Ç���Á���Œ���� �•�µ�������•�•�(�µ�o�o�Ç���Œ���o�����•������ �]�v��
order to maintain the population of spider mites in the 

�P�Œ�����v�Z�}�µ�•���•�X�� �/�v�� �š�Z���� �•�‰�Œ�]�v�P�� �}�(�� �î�ì�í�ô�� �š�Á�}�r�•�‰�}�š�š������ �•�‰�]�����Œ��
�u�]�š�����Á���•���Œ���P�]�•�š���Œ�������}�v���d�Z���o�]�����]�v���š�Z�����s�]���š�}�Œ�]�����P�Œ�����v�Z�}�µ�•���X
�/�v���î�ì�ì�í���Á�Z�]�š�����(�o�Ç���Á���•���(�}�µ�v�����]�v���š�Z�����•�µ���š�Œ�}�‰�]�����o���P�Œ�����v�Z�}�µ�•���X��
A mixture of the parasitic wasps Eretmocerus eremicus 
and Encarsia formosa�� �Á���•�� �µ�•������ �š�}�� ���}�‰���� �Á�]�š�Z�� �š�Z�]�•�� �‰���•�š�X��
During the following years greenhouse white fly was 
�}�v�o�Ç���(�}�µ�v�����}�v�������(���Á���‰�o���v�š�•�X���d�Z�����]�v�(���•�š���š�]�}�v�•���Á���Œ�������o�Á���Ç�•��
easily dealt with by introducing sufficient amounts of 
�‰���Œ���•�]�š�]�����Á���•�‰�•�X
Table 2 provides an overview of the detected pests and 
their natural enemies that were used in the botanical 
�P���Œ�����v�����µ�Œ�]�v�P���š�Z�����‰�Œ�}�i�����š�X

DISCUSSION
Although biological control alone can be effective against 
certain pests, often several methods must be combined 
�(�}�Œ�� �}�‰�š�]�u���o�� �‰���•�š�� ���}�v�š�Œ�}�o�� �~�ï�•�X�� ���•�‰�����]���o�o�Ç�� ���µ�Œ�]�v�P�� �š�Z���� �(�]�Œ�•�š��
years after the introduction of integrated pest control, 
it was necessary to combine pruning, introduction of 
�����v���(�]���]���o�� �}�Œ�P���v�]�•�u�•�� ���v���� ���Z���u�]�����o�� ���}�v�š�Œ�}�o�X�� �d�Z���� �o���š�š���Œ��
was used locally if a high infestation on a certain plant 
�Z�������}�����µ�Œ�Œ�����X��
The outcome of integrated pest management is highly 
dependent on the moment of introduction of natural 
���v���u�]���•�X�� ���v�}�µ�P�Z�� �‰���•�š�•�� �v�������� �š�}�� ������ �‰�Œ���•���v�š�� �š�}�� �•�µ�‰�‰�}�Œ�š��
the introduced natural enemies but pest populations 
have to remain below the level that would require a 
�‰���•�š�]���]�������š�Œ�����š�u���v�š���~�ï�•�X�����µ�����š�}���š�Z�����o�}�Á���Œ���š���u�‰���Œ���š�µ�Œ���•���]�v��
the subtropical greenhouse, useful organisms were only 
�]�v�š�Œ�}���µ�������� �(�Œ�}�u�� ���‰�Œ�]�o�� �}�v�Á���Œ���•�X�� ���•�� �š�Z�]�•�� �‰�Œ�����š�]������ �}�(�š���v��
resulted in high infestations of several pest organisms, last 
year it was decided to introduce the beneficial organisms 
during March, even though the optimal temperature was 
�v�}�š���Ç���š���Œ�������Z�����X���/�v���š�Z�����š�Œ�}�‰�]�����o�����v�����s�]���š�}�Œ�]�����P�Œ�����v�Z�}�µ�•����
�š�Z�����š���u�‰���Œ���š�µ�Œ�����Á���•���v���À���Œ�������o�]�u�]�š�]�v�P���(�����š�}�Œ�X
The most successful beneficial organism is undoubtedly 
Cryptolaemus montrouzieri�X�� �d�Z�]�•�� �u�����o�Ç���µ�P�� �����•�š�Œ�}�Ç���Œ�� �]�•��
���v�� �]�u�‰�}�Œ�š���v�š�� �‰�Œ�������š�}�Œ�� �}�(�� ���Æ�‰�}�•������ �u�����o�Ç���µ�P�� �•�‰�����]���•�X��
Both adult and larval lady beetles feed on all mealybug 
�•�š���P���•�� �~�ï�U�� �ñ�•�X�� �/�(�� �š���u�‰���Œ���š�µ�Œ���� �~�E�î�ì�£���•�� ���v���� �Z�µ�u�]���]�š�Ç�� �~�ò�ì��
�r�� �ô�ì�� �9�•�� ���Œ���� �•�µ�(�(�]���]���v�š�o�Ç�� �Z�]�P�Z�U�� �š�Z�]�•�� �������š�o���� �����v�� �Z���À���� �(�}�µ�Œ��
�P���v���Œ���š�]�}�v�•�������Ç�����Œ���~�ï�•�X���d�Z�������}�v���]�š�]�}�v�•���]�v���š�Z�����š�Œ�}�‰�]�����o�����v����
Victoria greenhouses are perfect for the reproduction 
of this beetle, as are the summer conditions in the 
�D�����]�š���Œ�Œ���v�����v���P�Œ�����v�Z�}�µ�•���X��
As Cryptolaemus survives poorly over the winter, 
�v���Á�� �o���Œ�À������ �Á���Œ���� �]�v�š�Œ�}���µ�������� ���À���Œ�Ç�� �•�‰�Œ�]�v�P�X�� ���(�]�(�]�� ���š�� ���o�X��
(2010) found that three months after the release of 
Cryptolaemus montrouzieri the reduction rate of citrus 
�u�����o�Ç���µ�P�•���~�W�o���v�}���}�����µ�•�����]�š�Œ�]�•���Á���•���í�ì�ì�9���~�ñ�•�X���d�Z�]�•���Œ���•�µ�o�š���]�•��

consistent with our finding that after a release in April the 
�‰���•�š���µ�•�µ���o�o�Ç���]�•�����}�v�š�Œ�}�o�o���������µ�Œ�]�v�P�����µ�P�µ�•�š�����v�����^���‰�š���u�����Œ�X��
At that point, as mealy bugs grow scarce, beetles are 
�}�(�š���v���•�����v���š�}���(���������}�v���Z���u�]�•�‰�Z���Œ�]�����o���•�����o���X��
Coccophagus lycimnia is known to be a primary 
parasitoid of brown soft scale (Coccus hesperidum�•�X�� �/�v��
laboratory circumstances the female parasitoids live 
�o�}�v�P���Œ�� ���š�� �š���u�‰���Œ���š�µ�Œ���•�� �}�(�� �î�î�� �£���� �}�Œ�� �í�ó�£���� ���•�� ���}�u�‰���Œ������
�š�}���î�ó�£�����~�ò�•�X���d�Z�����š���u�‰���Œ���š�µ�Œ���•���]�v���š�Z�����š�Œ�}�‰�]�����o�����v�����]�v���š�Z����
subtropical greenhouses seem to be sufficient for the 
�•�µ�Œ�À�]�À���o���}�(���š�Z�����‰���Œ���•�]�š�]�����Á���•�‰�X��Coccophagus lycimnia and 
Microterys flavus are both parasites of brown soft scale, 
�Á�]�š�Z�� �š�Z���� �o���š�š���Œ�� �����]�v�P�� �u�}�Œ���� ���(�(�����š�]�À���X��Coccophagus has 
its greatest effect at high host density while Microterys 
flavus���]�•�����o�•�}�����(�(�����š�]�À�������P���]�v�•�š���o�}�Á���Z�}�•�š�������v�•�]�š�]���•���~�ó�•�X���d�Z����
latter parasitic wasp is also successfully introduced in 
���}�u�u���Œ���]���o���P�Œ�����v�Z�}�µ�•���•���~�ô�•�X���&�}�o�o�}�Á�]�v�P���š�Z�����]�v�š�Œ�}���µ���š�]�}�v��
of both Coccophagus lycimnia and Microterys flavus 
heavy infestations of brown soft scale did not occur in 
�š�Z�����P�Œ�����v�Z�}�µ�•���•�X��
Metaphycus spp. are the most important natural enemies 
�}�(�� �u���v�Ç�� �•�����o���� �]�v�•�����š�•�� ���X�P�X�� ���o�����l�� �•�����o���� �~Saissetia oleae), 
brown soft scale (Coccus hesperidum) and hemispherical 
scale (Saissetia coffeae�•���~�î�U���ï�•�X��
In the botanic garden Metaphycus flavus and 
Metaphycus stanleyi were used to cope with soft scale 
(Saissetia oleae and Saissetia coffeae) during the first 
�•�����•�}�v�•�X�����µ�Œ�]�v�P���š�Z�����(�}�o�o�}�Á�]�v�P���Ç�����Œ�•���Á�����]�v�š�Œ�}���µ���������u���v�Ç��
of the abovementioned parasitic wasps (Microterys 
flavus, Coccophagus lycimnia, Encyrtus lecaniorum and 
Anagyrus fusciventris) without being able to successfully 
�Œ�����µ������ �š�Z���� �]�v�(���•�š���š�]�}�v�•�X�� �W�}�•�•�]���o���� �Œ�����•�}�v�•�� ���Œ���� �š�Z���� �o�}�Á��
rate of beneficial insects (due to low availability) and 
the possibility of scale insects to encapsulate the eggs of 
�‰���Œ���•�]�š�]�����Á���•�‰�•�X��
Armored scales (family Diaspididae) have a flattened 
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�‰�o���š���o�]�l���� ���}�À���Œ�X�� �d�Z���Ç�� ���}�� �v�}�š�� �‰�Œ�}���µ������ �Z�}�v���Ç�����Á�X�� �d�Z����
leaves of infested plants turn yellow and heavily infested 
�‰�o���v�š�•���u���Ç�����]�����~�î�•�X���Z�Z�Ç�Ì�}���]�µ�•���o�}�‰�Z���v�š�Z�������]�•�����v���]�u�‰�}�Œ�š���v�š��
�‰�Œ�������š�}�Œ�� �}�(�� �•�����o���� �]�v�•�����š�•�� ���v���� �u�����o�Ç�� ���µ�P�•�X�� �����µ�o�š�•�� ���v����
�o���Œ�À�������(���������}�v���u�}�•�š���•�����o�����•�š���P���•���~�ï�U���õ�•�X�����o�š�Z�}�µ�P�Z�����µ�Œ�]�v�P��
the project scale feeding lady beetles were introduced 
to cope with armored scale insects, it proved to be 
���]�(�(�]���µ�o�š�� �š�}�� �Œ�������Z�� ���v�� ���������‰�š�����o���� �o���À���o�� �}�(�� �]�v�(���•�š���š�]�}�v�X����
This result is consistent with the findings of Pijnakker 
(2006) concerning the use of Rhyzobius lophanthae and 
Chilocorus nigritus�����P���]�v�•�š�����Œ�u�}�Œ�������•�����o�����]�v���}�Œ���Z�]���•���~�ô�•�X��
The extended amount of hard scale could be due to a 
poor identification of the species present, which makes 
it more difficult to introduce the correct beneficial 
�}�Œ�P���v�]�•�u�X��
The parasitic wasp Aphytis melinus is the most important 
�‰���Œ���•�]�š���� ���š�š�����l�]�v�P�� �����o�]�(�}�Œ�v�]���� �Œ������ �•�����o���X�� �&���u���o���•�� ���š�š�����l��
���v�����}�À�]�‰�}�•�]�š���]�v���]�u�u���š�µ�Œ�����(���u���o�����•�����o���•�X���d�Z�����š�]�v�Ç���Ç���o�o�}�Á��
wasp can be released when temperatures are above 
�í�ò�£���X��Aphytis can have two or three parasite generations 
�(�}�Œ���������Z���•�����o�����P���v���Œ���š�]�}�v���~�î�U���ï�•�X���h�v�(�}�Œ�š�µ�v���š���o�Ç���š�Z�]�•���Á���•�‰��
�]�•���v�}�š�����o�Á���Ç�•�����}�u�u���Œ���]���o�o�Ç�����À���]�o�����o�����Á�Z���v���v�����������X��
During the project many organisms were introduced 
�]�v�� �}�Œ�����Œ�� �š�}�� ���}�‰���� �Á�]�š�Z�� �]�v�(���•�š���š�]�}�v�•�� �}�(�� ���‰�Z�]���•�X�� ���•�‰�����]���o�o�Ç��
in the subtropical greenhouse the aphids reach a 
heavy infestation level early in the season, when the 
�š���u�‰���Œ���š�µ�Œ�����]�•���•�š�]�o�o���Œ���š�Z���Œ���o�}�Á���~�=�l�r���í�ñ���£���•�X�����‰�Z�]���•�������À���o�}�‰��
�]�v���o���Œ�P�������}�o�}�v�]���•�����š���š�Z�����o�}�Á���Œ���•�µ�Œ�(���������}�(���š�Z�����o�����À���•�X���d�Z���Ç��

�š�µ�Œ�v�� �š�Z���� �o�����À���•�� �Ç���o�o�}�Á�� ���v���� �•�š�µ�v�š�� �•�Z�}�}�š�•�X�� ���‰�Z�]���•�� ���o�•�}��
produce honeydew, which then attracts sooty mould that 
�š�µ�Œ�v�•���š�Z�����o�����À���•�����o�����l���~�î�•�X���/�v���}�Œ�����Œ���š�}���Œ�����µ�������š�Z�������u�}�µ�v�š��
of aphids in the greenhouse, in 2018 predaceous midges 
(Aphidoletes aphidimyza�•���Á���Œ�����]�v�š�Œ�}���µ�����������µ�Œ�]�v�P���D���Œ���Z�X����
They are known to feed on mites, aphids and other small, 
�•�}�(�š�r���}���]�������]�v�•�����š�•�X���d�Z�����•�u���o�o���o���Œ�À�������~�î�U�ñ���u�u�•�����Œ�����Ç���o�o�}�Á��
�š�}���Œ���������v�����(���������Á�]�š�Z�]�v�����‰�Z�]�������}�o�}�v�]���•�X���d�Z���Ç���š�Z�Œ�]�À�����µ�v�����Œ��
�Z�]�P�Z�� �Z�µ�u�]���]�š�Ç�X�� �����µ�o�š�� �u�]���P���•�� ���Œ���� �u�}�•�š�o�Ç�� �����š�]�À���� ���š�� �v�]�P�Z�š�U��
�����š�Á�����v���Z���o�(���D���Ç�����v�����š�Z�������v�����}�(���•�µ�u�u���Œ���~�ï�•�X
Infestations with whiteflies almost exclusively occurred 
�]�v�� �š�Z���� �D�����]�š���Œ�Œ���v�����v�� �P�Œ�����v�Z�}�µ�•���X�� �d�Z�]�•�� �‰���•�š�� �}�Œ�P���v�]�•�u��
has many host plants both inside greenhouses and 
�}�µ�š���}�}�Œ�•�X��Encarsia formosa is the most important 
�‰���Œ���•�]�š���� �}�(�� �P�Œ�����v�Z�}�µ�•���� �Á�Z�]�š���(�o�Ç�X�� �&���u���o���•�� �}�À�]�‰�}�•�]�š�� �]�v��
�Á�Z�]�š���(�o�Ç���v�Ç�u�‰�Z�•�X���d�Z�����o���Œ�À�������(���������]�v�•�]�������š�Z�����Z�}�•�š�������µ�•�]�v�P��
�š�Z�����v�Ç�u�‰�Z�•���š�}���š�µ�Œ�v�����Œ�}�Á�v���}�Œ�����o�����l�X���d�Z���������À���o�}�‰�u���v�š���}�(��
Encarsia���]�•���}�‰�š�]�u���o�����š���Z�]�P�Z���Œ���š���u�‰���Œ���š�µ�Œ���•���~�í�õ���r���ï�ì���£���•�����v����
�Œ���o���š�]�À�����Z�µ�u�]���]�š�Ç���~�ñ�ì���r���ô�ì�9�•���~�ï�•�X���d�Z���v�l�•���š�}���š�Z�������À���]�o�����]�o�]�š�Ç��
of Encarsia formosa during the project greenhouse, 
�Á�Z�]�š���(�o�Ç���Á���•�������•�]�o�Ç�����}�‰�������Á�]�š�Z�X
���v�š�•�� �]�v�š���Œ�(���Œ���� �Á�]�š�Z�� ���]�}�o�}�P�]�����o�� �‰���•�š�� ���}�v�š�Œ�}�o�X�� �D���v�Ç�� ���v�š��
species protect and transport pest organisms, especially 
the ones that produce honeydew, such as aphids or 
�u�����o�Ç���µ�P�•���~�í�ì�•�X���d�Z���Ç�������š�š�����l�����v�����(���������}�v���•�����o�����‰���Œ���•�]�š���•��
���v���� �‰�Œ�������š�}�Œ�•�� �~�î�•�X�� �d�Z���Œ���(�}�Œ���U�� �]�š�� �]�•�� �v�������•�•���Œ�Ç�� �š�}�� ���}�v�š�Œ�}�o��
���v�š�•���]�v���š�Z�����P�Œ�����v�Z�}�µ�•���X����

CONCLUSION
The overall number of pests occurring in the public 
greenhouses of the Ghent University Botanic Garden 
�Z���•�� ���Œ�}�‰�‰������ ���µ�Œ�]�v�P�� �š�Z���� �‰�Œ�}�i�����š�X�� �d�Z���Œ���� �]�•�� ���� �À���Œ�Ç�� �P�}�}����
control of mealy bugs (both Planococcus citri and 
Pseudococcus longispinus) thanks to the introduction of 
the predaceous lady beetle Cryptolaemus montrouzieri�X��
The use of parasitic wasps has reduced the presence of 
soft brown scale (Coccus hesperidum) and black scale 
(Saissetia oleae�•�X���D�}�Œ���}�À���Œ�U���š�Z���Œ�����]�•�������Œ�����•�}�v�����o�������}�v�š�Œ�}�o��
of aphids with gall midges (Aphidoletes aphidimyza) and 
of greenhouse whitefly (Trialeurodes vaporariorum) 
�Á�]�š�Z���‰���Œ���•�]�š�]�����Á���•�‰�•�X�����µ�Œ�]�v�P���š�Z�����‰�Œ�}�i�����š���š�Z���Œ�����Á���Œ�����v�}�š��
many spider mites (Tetranychus species) present in the 

glasshouses due to the unfavourable environmental 
���}�v���]�š�]�}�v�•�X���t�Z���v���š�Z���Ç���}�����µ�Œ�Œ�����U���š�Z���Ç���Á���Œ�������}�‰�������Á�]�š�Z��
���Ç���u�����v�•���}�(���‰�Œ���������]�}�µ�•���u�]�š���•�X��
After nearly two decades of integrated pest control, only 
heavy infestations of armored scales, and to a lesser 
extent hemispherical scale (Saissetia coffeae), remain a 
�Œ�����µ�Œ�Œ�]�v�P�� �‰�Œ�}���o���u�X�� �d�Z���� �u�}�•�š�� �]�u�‰�}�Œ�š���v�š�� �}���•�š�����o���•�� �Á���Œ����
the lack of availability of parasitic wasps in sufficient 
quantities and the identification of the different 
�•�‰�����]���•���}�(�����Œ�u�}�Œ�������•�����o���X���d�Z�����Œ���o�����•�����}�(���š�Z�����o�����Ç���������š�o����
Rhyzobius and of the parasitic wasp Aphytis melinus have 
so far not pushed back the infestations of armored scale 
�š�}�����v�����������‰�š�����o�����o���À���o�X��



23

REFERENCES
���Z�o���Œ�� �>�X���X�� �~�î�ì�ì�ò�•��‘Perspectives Integrated Pest 
Management (IPM): definition, historical development 
and implementation, and the other IPM’. Pest 
�D���v���P���u���v�š���^���]���v�������ò�î�W�ó�ô�ó�t�ó�ô�õ��
University of California Agriculture and Natural Resources, 
Statewide Integrated Pest Management Program (2018) 
�K�v�o�]�v���W���Z�š�š�‰�W�l�l�]�‰�u�X�µ�����v�Œ�X�����µ�l�]�v�����Æ�X�Z�š�u�o���~���������•�•�������:�µ�v���U��
2018) 
�&�o�]�v�š�� �D�X�>�X�U�� ���Œ���]�•�š�����š�� �^�X�,�X�� �~�í�õ�õ�ô�•�� �ZNatural enemies 
handbook. The illustrated guide to biological pest 
control’�X���h�v�]�À���Œ�•�]�š�Ç���}�(�������o�]�(�}�Œ�v�]�����W�Œ���•�•�U�������Œ�l���o���Ç��
�s���v�� �>���v�š���Œ���v�� �:�X���X�� �~�î�ì�í�î�•��‘The state of commercial 
augmentative biological control: plenty of natural 
enemies, but a frustrating lack of uptake’. BioControl 
�ñ�ó�W�í�r�î�ì
���(�]�(�]�� ���X�/�X�U�� ���š�� ���o�X�� �~�î�ì�í�ì�•��‘Biological control of citrus 
mealybug, Planococcus citri (Risso) using Coccinellid 
predator, Cryptolaemus montrouzieri Muls.’ Pakistan 
�:�}�µ�Œ�v���o���}�(�����]�}�o�}�P�]�����o���^���]���v�����•���í�ï�~�ñ�•�W���î�í�ò�r�î�î�î��

�D�µ���P�P���� �D�X���X�U�� �>���u�����]�v�� �W�X�>�X�� �~�í�õ�ô�õ�•��‘Longevity 
and fecundity of Coccophagus lycimnia (Walker) 
(Hymenoptera: Aphelinidae), a primary parasitoid of 
Coccus hesperidum (Homoptera: Coccidae)’. Journal of 
���P�Œ�]���µ�o�š�µ�Œ���o�����v�š�}�u�}�o�}�P�Ç���ò�~�ï�•�W���í�ò�õ�r�í�ó�ð��
�d���v�������X�U�����^�}�š�}�����X�U���'���Œ���]�r�D���Œ�_���&�X���~�î�ì�ì�ô�•��‘Parasitoid complex 
of black scale Saissetia oleae on citrus and olives: 
parasitoid species composition and seasonal trend’�X��
���]�}���}�v�š�Œ�}�o���ñ�ï�W���ð�ó�ï�r�ð�ô�ó��
�W�]�i�v���l�l���Œ���:�X���~�î�ì�ì�ò�•��‘Inventarisering bestrijdingsmethoden’. 
�W�Œ���l�š�]�i�l�}�v�����Œ�Ì�}���l�� �W�o���v�š�� �˜�� �K�u�P���À�]�v�P�� ���X�s�X�� ���µ�•�]�v���•�•�� �h�v�]�š��
�'�o���•�š�µ�]�v���}�µ�Á�U���W�W�K���v�Œ�X���ï�î�ð�î�ì�ì�î�î�ì�ì��
�õ�X���^�š���š�Z���•���'�X�:�X���~�î�ì�ì�ì�•��‘The effect of temperature on the 
development of the predator Rhyzobius lophanthae and 
its phenology in Greece’.�����]�}���}�v�š�Œ�}�o���ð�ñ�W���ð�ï�õ�r�ð�ñ�í��
�����o�����]���� �:�X�,�X���X�� �~�î�ì�ì�í�•��‘Trophobiosis between Formicidae 
and Hemiptera (Sternorrhyncha and Auchenorrhyncha): 
an overview.’���E���}�š�Œ�}�‰�]�����o�����v�š�}�u�}�o�}�P�Ç���ï�ì�~�ð�•�W�ñ�ì�í�r�ñ�í�ò

TABLES AND FIGURES

Year
Soft 

brown 
scale 

Brown 
coffea 
scale 

Black 
scale 

Citrus 
mealy 
bug 

Long tail 
mealy 
bug 

Spider 
mites 

Aphids
Hard 
scale

White 
fly

Victoria 
greenhouse

2001 1 2 1 2 2 1 2 2 0

2017 1 2 0 1 1 0 0 3 1

Subtropical 
greenhouse

2001 2 3 3 2 2 2 0 2 2

2017 0 2 1 1 1 1 2 2 1

Tropical 
greenhouse

2001 3 2 0 1 1 1 0 0 0

2017 0 2 0 1 1 0 1 2 1

Table 1: Measured infestations in the glasshouses during the project
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Pest Natural enemy Organism

mealy bugs 
(Planococcus citri)

Leptomastix dactylopii
Leptomastidea abnormis
Cryptolaemus montrouzieri

endoparasitic wasp
endoparasitic wasp
predatory lady beetle

mealy bugs
(Pseudococcus longispinus)

Anagyrus fusciventris
Cryptolaemus montrouzieri 

parasitic wasp
predatory lady beetle

aphids Episyrphus balteatus
Aphidoletes aphidimyza
Aphidius colemani
Chrysoperla carnea
Harmonia axyridis
Adalia bipunctata

predatory syrphid larvae (hoverfly)
predatory gall midge
parasitic wasp
predatory green lacewing
predatory lady beetle
predatory lady beetle

soft scale
(Saissetia coffeae, Saissetia oleae)

Metaphycus stanleyi
Metaphycus flavus
Coccophagus lycimnia
Microterys flavus
Encyrtus lecaniorum

endoparasitic wasp
endoparasitic wasp
endoparasitic wasp
endoparasitic wasp
endoparasitic wasp

soft brown scale
(Coccus hesperidum)

Anagyrus fusciventris
Microterys flavus

parasitic wasp
endoparasitic wasp

hard scale
(Furchadaspis zamiae, Diaspis boisduvalii)

Rhyzobius lophantae
Chilocorus nigritus 
Aphytis melinus

predatory lady beetle
predatory lady beetle
ectoparasitic wasp

spider mites
(Tetranychus species)

Amblyseius cucumeris
(Neoseiulus cucumeris)
Phytoseiulus persimilis

predatory mite

predatory mite

white fly
(Trialeurodes vaporariorum)

Eretmocerus eremicus
Encarsia formosa

�����š�}�r�����v�������v���}�‰���Œ���•�]�š�]�����Á���•�‰
endoparasitic wasp

mites Amblyseius cucumeris
Amblyseius swirskii

predatory mite
predatory mite

Table 2: Detected pests and their natural enemies
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�����s���>�K�W�D���E�d���K�&�����s���>�h���d�/�K�E���^�z�^�d���D���&�K�Z���,���Z���������K�h�^���W�>���E�d���������W�d���d�/�K�E���u�������d�K�K�>��
FOR INVASION RISK ASSESSMENT

�/�X���E�
���h�Z�'���s�:���Z�D���<�K�s��¹*�U���>�X���^�d�Z���•���/�I��¹�U���^�X���d�K�D�^�K�E��¹�U���D�X���•�K�>�K�s�^²

�÷�d�Z�������}�š���v�]�����o���'���Œ�����v���}�(���š�Z�����h�v�]�À���Œ�•�]�š�Ç���}�(���>���š�À�]���U���<���v�����À���•���•�š�Œ�����š���î�U���Z�c�P���U���>�s�r�í�ì�ñ�ô�U���>���š�À�]����
�ø�/�v�•�š�]�š�µ�š�����}�(���o�]�(�����•���]���v�����•�����v�����š�����Z�v�}�o�}�P�Ç�U�������µ�P���À�‰�]�o�•���h�v�]�À���Œ�•�]�š�Ç�U�����W���Œ�������•���•�š�Œ�����š���í���U�������µ�P���À�‰�]�o�•�U���>�s�r�ñ�ð�ì�í�U���>���š�À�]��
�Ž�]�v���•���X�v�����µ�Œ�P���›�o�µ�X�o�À

ABSTRACT
The evaluation of adaptation ability of plants is important not only during the plant collection establishment, but also 
�š�}���(�}�o�o�}�Á���š�Z�����]�v�š�Œ�}���µ���š�]�}�v���}�(���v���Á���š���Æ�����(�}�Œ���o���v���•�����‰�����µ�•���U���š�}�����}�v�š�Œ�}�o���Á�������•�����v�������•�����‰�������P���Œ�����v���‰�o���v�š�•���•�‰�Œ�����������š���X��
���v���� �(�]�v���o�o�Ç�� �(�}�Œ���]�v�À���•�]�À���v���•�•�� �Œ�]�•�l�� ���•�•���•�•�u���v�š�X�� �/�v�� �š�Z�]�•�� �•�š�µ���Ç�U�� �š�Z���� �Z���Œ���������}�µ�•�� �‰���Œ���v�v�]���o�•�� �������‰�š���š�]�}�v�� �Á���•�� ���À���o�µ���š������ �š�}��
set out the correlation between life form, taxa origin and accession longevity in ex situ�X���d�Z�����������‰�š���š�]�}�v���Á���•�����v���o�Ç�Ì������
based on the phenological observations of 536 taxa from collections of the Botanical Garden of the University of 
�>���š�À�]���X���^���À���v���•�‰�����]���•�����š�š�Œ�]���µ�š���•���Á���Œ�����•�š�µ���]�����W���Á�]�v�š���Œ�]�v�P�U�����]�•�����•�������v�����‰���•�š���‰���Œ�•�]�•�š���v�����U���š�Z�����}�À���Œ���o�o�����}�v���]�š�]�}�v���}�(���š�Z����
�‰�o���v�š���]�v���š�Z�����‰�o���v�š�]�v�P�•�����}�u�‰���Œ�������š�}���š�Z�����Á�]�o���U���À���P���š���š�]�À�����Œ���‰�Œ�}���µ���š�]�}�v�U���•���o�(�r�•�}�Á�]�v�P�����v�����•�������]�v�P�X���d���Æ�����]�v���š�Z�����������‰�š���š�]�}�v��
�P�Œ�}�µ�‰�•���Á���Œ�������Œ�Œ���v�P�������������}�Œ���]�v�P���š�}���š�Z�����•�µ�u���}�(���š�Z�������À���o�µ���š�]�}�v���‰�}�]�v�š�•�X���d�Z���•���������š�����Á���Œ�������À���o�µ���š���������}�v�•�]�����Œ�]�v�P���•�‰�����]���•��
�}�Œ�]�P�]�v�U���o�]�(���r�(�}�Œ�u�����v�����o�}�v�P���À�]�š�Ç���]�v���‰�Œ���•���v�š���o�}�����š�]�}�v�X���d�Z�����•�š���š�]�•�š�]�����o�����v���o�Ç�•�]�•���Á�]�š�Z�����Z�]�r�•�‹�µ���Œ�����š���•�š���•�Z�}�Á�������š�Z���Œ�����Á���•���v�}��
���•�•�}���]���š�]�}�v�������š�Á�����v���‰�o���v�š���o�]�(�����(�}�Œ�u�����v�����������‰�š���š�]�}�v�������P�Œ�����U�����•���Á���o�o�����•�������š�Á�����v���š���Æ�����}�Œ�]�P�]�v�����v�����������‰�š���š�]�}�v�������P�Œ�����X��
There was a positive weak association between accession’s longevity and adaptation degree (Spearman’s correlation 
�Œ�A�ì�X�î�ï�ñ���v�A�ñ�î�ì���‰�D�ì�X�ì�ì�í�•�X��
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Plant Adaptation Degree, Life Form, Plant Origin, Winter Hardiness, Longevity
 
INTRODUCTION 

The majority of plants in the collections of botanical 
gardens are species with native origin and in greatest 
�‰���Œ�š�� �t�� ���o�]���v�� �š���Æ���X�� �^�µ�������•�•�(�µ�o�� �]�v�š�Œ�}���µ���š�]�}�v�� �}�(�� �‰�o���v�š�•��
depends on the adaptation ability of accessions to 
�š�Z���� �P���Œ�����v�� ���}�v���]�š�]�}�v�•�X�� �d�Z���� ���À���o�µ���š�]�}�v�� �}�(�� �������‰�š���š�]�}�v��
ability of the plants is important not only during the 
plant collection establishment, but also to follow the 
introduction of new taxa for landscape use, to control 
weeds and escaped garden plants spread, and finally for 
�]�v�À���•�]�À���v���•�•���Œ�]�•�l���À���o�µ���š�]�}�v�X���E���Á���•�‰�}�v�š���v���}�µ�•���P���v�}�š�Ç�‰���•��
create possibilities between different plant diaspores 
�(�Œ�}�u�����]�(�(���Œ���v�š���P���}�P�Œ���‰�Z�]�����}�Œ�]�P�]�v�•���t���š�Z�]�•���u���Ç���������š�Z�����u���]�v��
reason for considering botanical gardens as a source 
�}�(�� �v���Á�� ���•�����‰�����•�� �(�Œ�}�u�� ���µ�o�š�]�À���š�]�}�v�� �~�s�]�v�}�P�Œ�����}�À���U�� �î�ì�í�ñ�•�X��
Hulme (2011) even estimated that the most aggressive 
invasive plants in the world have escaped from botanical 
�P���Œ�����v�•�X�� �/�v�� �����•�š���Œ�v�� ���µ�Œ�}�‰���U�� �Á�]�����o�Ç�� �v���š�µ�Œ���o�]�Ì������ ���v�v�µ���o��
weeds are examples of such escapees: Conyza canadensis, 
Echynocystus lobata, Bidens frondosa, Chamomilla 
suaveolens, Galinsoga parviflora and other (Vinogradova, 
�î�ì�í�ñ�•�X�� �����À���o�}�‰�u���v�š�� �}�(�� �Z�}�Œ�š�]���µ�o�š�µ�Œ���U�� ���P�Œ�]���µ�o�š�µ�Œ���� ���v����

trade on the background of climate change can be 
considered as one of the causes for invasiveness risk that 
�����v�����v�����v�P���Œ���š�Z�������]�}�o�}�P�]�����o�����]�À���Œ�•�]�š�Ç���~�W���Œ�P�o�����š�����o�X�U���î�ì�í�ò�V��
�s���v�� �<�o���µ�v���v�� ���š�� ���o�X�U�� �î�ì�í�ô�•�X�� �d�Z���Œ���(�}�Œ���� �š�Z���� ���o�����}�Œ���š�]�}�v�� �}�(��
method to evaluate the adaptation of alien plants is an 
important tool for invasion risk assessment and this study 
�]�•�� ���� �•�š���‰�� �š�}�� �����À���o�}�‰�� �•�µ���Z�� ���� �u���š�Z�}���X�� �^�]�v������ �š�Z���� �Z�]�P�Z���•�š��
degree of adaptation to new conditions is naturalization, 
studying the plant collections in the Botanical Garden 
of the University of Latvia (BGUL) it was decided to 
research how assessment of adaptation correlates with 
qualitative characteristics of plants such as life form and 
origin that are often used in assessing the possibility of 
�v���š�µ�Œ���o�]�Ì���š�]�}�v���~���v���Œ���µ�����v�����s�]�o���U���î�ì�ì�õ�V�������•�š�Œ�}�����š�����o�X�U���î�ì�ì�ñ�V��
�'�}�}���Á�]�v�����š�����o�X�U���í�õ�õ�õ�•�X
The aim of our study was to forward the evaluation 
system for herbaceous perennial plant adaptation by 
�•���š�š�]�v�P���}�µ�š���š�Z�����Œ���o���š�]�}�v�•�Z�]�‰�������š�Á�����v���o�]�(���r�(�}�Œ�u�U���š���Æ�����}�Œ�]�P�]�v��
���v�������������•�•�]�}�v���o�}�v�P���À�]�š�Ç���]�v���š�Z�����‰�Œ���•���v�š���o�}�����š�]�}�v�X
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MATERIAL AND METHODS
The adaptation was analyzed based on the phenological 
observations of 536 taxa that are present in the collection 
�}�(�� ���'�h�>�X�� �W�Z���v�}�o�}�P�Ç�� �����š���� �Á���Œ���� ���}�o�o�����š������ �(�Œ�}�u�� �Ç�����Œ��
�í�õ�õ�í�� �š�}�� �î�ì�í�ò�X�� �^���À���v�� �•�‰�����]���•�� ���š�š�Œ�]���µ�š���•�� �Á���Œ���� �•�š�µ���]�����W��
overwintering, disease and pest resistance, the overall 
condition of the plant comparing to wild conditions, 
vegetative reproduction, vegetative expansion, seeding 
���v���� �•���o�(�r�•�}�Á�]�v�P�� �~�E�����µ�Œ�P���r�:���Œ�u���l�}�À���� ���v���� �^�š�Œ���Ì���]�z���U��
�]�v�� �‰�Œ�]�v�š�•�X�� �d���Æ���� �]�v�� �š�Z���� �������‰�š���š�]�}�v�� �P�Œ�}�µ�‰�•�� �Á���Œ���� ���Œ�Œ���v�P������
�������}�Œ���]�v�P���š�}���š�Z�����•�µ�u���}�(���š�Z�������À���o�µ���š�]�}�v���‰�}�]�v�š�•�W���ó�r�í�ì���‰�}�]�v�š�•��
�t�� �������‰�š���š�]�}�v�� �]�•�� �������W���š�Z���� �‰�o���v�š�� ���}���•�� �v�}�š�� �P�}�� �š�Z�Œ�}�µ�P�Z�� �š�Z����
full cycle of development (plants can die, they have no 
seeds), suffers from poor overwintering, weak vegetative 
�P�Œ�}�Á�š�Z�����v�����Œ�����µ���������o�}�v�P���À�]�š�Ç�X��
�í�í�r�í�ñ�� �‰�}�]�v�š�•�� �t�� �������‰�š���š�]�}�v�� �]�•�� �u�����]�µ�u�W�� �Z�����]�š�µ�•�� ���v���� �š�Z����
phenological rhythm differs from that within the natural 
�Œ���v�P���X�� �>�}�v�P���À�]�š�Ç�� �‰���Œ�]�}���]�����o�o�Ç�� �•�µ�(�(���Œ�•�� ���µ�Œ�]�v�P�� �Z�]�����Œ�v���š�]�}�v��
(part of the specimens die, or are partly damaged, during 
�•�}�u�����Á�]�v�š���Œ�•���š�Z�����‰�Œ�}�š�����š�]�}�v�����P���]�v�•�š���(�Œ�}�•�š���]�•���v�������•�•���Œ�Ç�•�X��
�&�o�}�Á���Œ�•�� ���v���l�}�Œ�� �•�������•�� ���‰�‰�����Œ�� �}�������•�]�}�v���o�o�Ç�X�� �d�Z���Œ���� �u���Ç��
be a slight vegetative spreading and no vegetative 
�•���o�(�r�Œ���‰�Œ�}���µ���š�]�}�v�X
�í�ò�r�í�õ���‰�}�]�v�š�•���t���������‰�š���š�]�}�v���]�•���P�}�}���W���‰�o���v�š�•���Z���À���������Œ���P�µ�o���Œ��
���}�u�‰�o���š���� �o�]�(���� ���Ç���o���X�� �,�����]�š�µ�•�U�� �‰�Z���v�}�o�}�P�]�����o�� �Œ�Z�Ç�š�Z�u�U��
longevity are slightly different or may be the same 
���•�� �]�v�� �v���š�µ�Œ���o�� �P�Œ�}�Á�š�Z�� �o�}�����š�]�}�v�•�X�� �'�}�}���� �}�À���Œ�Á�]�v�š���Œ�]�v�P��
successfully compensates winter damages during the 
�P�Œ�}�Á�š�Z�� �•�����•�}�v�X�� �W�o���v�š�•�� ���o�}�}�u�U�� �•�������•�� �Œ�]�‰���v�U�� �u���Ç�� �Z���À���� ����
�•�o�]�P�Z�š���P���Œ�u�]�v���š�]�}�v�����v���������•�o�]�P�Z�š���À���P���š���š�]�À�����•�‰�Œ�������X
�î�ì�r�î�ï���‰�}�]�v�š�•���t���������‰�š���š�]�}�v���]�•���À���Œ�Ç���P�}�}���W���‰�o���v�š�•���Œ���P�µ�o���Œ�o�Ç��
���}�u�‰�o���š���� �š�Z���� �o�]�(���� ���Ç���o���X�� �,�����]�š�µ�•�U�� �‰�Z���v�}�o�}�P�]�����o�� �Œ�Z�Ç�š�Z�u�U��

�o�}�v�P���À�]�š�Ç�����}�Œ�Œ���•�‰�}�v�����š�}���v���š�µ�Œ���o���P�Œ�}�Á�š�Z�����Œ�����•�X���t�]�v�š���Œ�]�v�P��
���}���•�� �v�}�š�� �o�����À���� ���� �v���P���š�]�À���� �]�u�‰�����š�X�� �d�Z���Œ���� �]�•�� ���� �P�}�}����
�‹�µ���v�š�]�š�Ç�� �}�(�� �Œ�]�‰���v�� �•�������•�U�� �•���o�(�r�•�������o�]�v�P�•�� �}�Œ�� �À���P���š���š�]�À����
expansion with new metamorphs also in spontaneous 
�‰�o���v�š�����}�u�u�µ�v�]�š�]���•�X��
Data were evaluated considering species origin, life form 
���(�š���Œ�� �Z���µ�v�l�]�����Œ�� �~�í�õ�ï�ó�•�� ���v���� ���µ�Œ���š�]�}�v�� �}�(�� �š�Z���� ���µ�o�š�]�À���š�]�}�v��
�]�v�� �š�Z���� �‰�Œ���•���v�š�� �o�}�����š�]�}�v�� ���š�� �š�Z���� ���}�š���v�]�����o�� �'���Œ�����v�X�� �d���•�š������
plants possessed three life forms: chamaephytes 
�t�� �]�v���o�µ�����•�� �‰�o���v�š�•�� �Á�]�š�Z�� �š�Z���]�Œ�� ���µ�o���•�� �}�Œ�� �•�Z�}�}�š�r�•�‰�]�����•��
perennating on the surface of the ground or just above 
�]�š���~�v�}�š�����Æ���������]�v�P���î�ñ�����u�•�X���d�Z���Ç���Á�]�o�o���������‰�Œ�}�š�����š���������Ç���•�v�}�Á��
�}�Œ���‰�o���v�š���Œ���u���]�v�•�X��Geophytes���t���Z���Œ�����o���‰�o���v�š�•���š�Z���š���•�µ�Œ�À�]�À����
���v���µ�v�(���À�}�µ�Œ�����o�����‰���Œ�]�}�������Ç���u�����v�•���}�(���µ�v�����Œ�P�Œ�}�µ�v�����(�}�}���r
�•�š�}�Œ���P�����}�Œ�P���v�•���~�Œ�Z�]�Ì�}�u���•�U���š�µ�����Œ�•�U�����µ�o���•�•�X�����µ���•�����Œ�]�•�����(�Œ�}�u��
�š�Z���•���� �š�}�� �‰�Œ�}���µ������ �v���Á�� �����Œ�]���o�� �•�Z�}�}�š�•�X��Hemicryptophytes 
�t���Z���À�����š�Z���]�Œ���‰���Œ���v�v���š�]�v�P�����µ���•���]�v���š�Z�����µ�‰�‰���Œ���P�Œ�}�µ�v�����o���À���o��
�i�µ�•�š�������o�}�Á���]�š�X���d�Z�������µ���•�����Œ�����‰�Œ�}�š�����š�������Á�]�š�Z���‰�o���v�š���Œ���u���]�v�•�X��
The plant life forms are according to literature (Olsen, 
�î�ì�ì�ó�V�� �����u�]���}�À�U�� �î�ì�ì�õ�V�� �^�Z���v�š�•���Œ�U�� �í�õ�ô�õ�•�� ���v���� �>�������� �d�Œ���]�š��
�����š�������•�����~�<�o���Ç���Œ�����š�����o�X�U���î�ì�ì�ô�•�X
To obtain the supplementing adaptation data together 
with geographic information the following sources 
were used: Candera (Zander) and Cherepanov’s guides 
�~���Œ�Z���Œ���š�� ���š�� ���o�X�U�� �î�ì�ì�î�U�� ���Z���Œ���‰���v�}�À�U�� �í�õ�õ�ñ�•�X�� �^�š���š�]�•�š�]�����o��
processing highlighted some of the areals and included 
a great variety of sites that are represented in plant 
�•���u�‰�o���•���}�(�����'�h�>���‰���Œ���v�v�]���o�����}�o�o�����š�]�}�v�X���d�Z���������š�������P�P�Œ���P���š����
size allowed to highlight up to nine geographic regions 
�(�Œ�}�u���ñ�ô���~���Œ�Z���Œ���š�����š�����o�X�U���î�ì�ì�î�•���Z�}�•�š�]�v�P�����}�š�Z�����v�����u�]�������v����
���}�•�u�}�‰�}�o�]�š���v���•�‰�����]���•���~�d�����o�����í�•�X��

Geographic region Description Tested taxa number

Central Europe The Alps, the Carpathian Mountains, the Balkan Peninsula, 
the European part of Turkey, as well as the Crimea

77

Southern Europe French and Benelux, Pyrenees, Apennine and Iberian 
Peninsula, Mediterranean coast of North Africa, Macronesian 
archipelago in the Atlantic

56

Other parts of Europe Mostly Northern Europe from the British Isles to the Urals 36

Europe and Middle East For large areas, which include both European and Asian 
continents, their continental part

28

Middle East Eastern Caucasus, the East of Afghanistan and the Arabian 
Peninsula

41

Far East Russian Far East with floristic regions such as Primorsky, West 
Amur, Eastern Amur, South Amur, Piedmont’s mainland, 
Kamchatka, Komandor, Sakhalin and Kuril Islands (Voroshilov, 
�í�õ�ô�î�•�����v�������o�•�}���(�Œ�}�u���:���‰���v�����v�����<�}�Œ����

68
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Northern and Eastern Asia Eastern and Western Siberia, all China, Central Asia 71

North America Greenland, Canada and USA territories �õ�ð

Other origins The Himalayas, Latin America, New Zealand and Australia, 
cosmopolites and circumpolar species

67

Table 1:���'���}�P�Œ���‰�Z�]�����Œ���P�]�}�v�•�������(�]�v�]�š�]�}�v���~�����•���Œ�]�‰�š�]�}�v�•�����v�����š���•�š�������š���Æ�����v�µ�u�����Œ�����]�•�š�Œ�]���µ�š�]�}�v�X

Duration of the taxa cultivation in the present location 
�Á���•�����}�v�š�Œ�}�o�o�������]�v���š�Z�������Œ���Z�]�À�������v���������š�������•�����}�(�����'�h�>�X
To test whether there is an association between the two 
variables measured at the nominal and ordinal levels we 
�µ�•�������š�Z�������Z�]�r�•�‹�µ���Œ�����š���•�š���}�(���]�v�����‰���v�����v�����X���&�}�Œ�����Æ���u�‰�o���U��
association between taxa origin and adaptation degree 
as well as the association between plant life forms and 

�������‰�š���š�]�}�v�� �����P�Œ�����X�� �d�}�� ���•�š�]�u���š���� �š�Z���� �•�š�Œ���v�P�š�Z�� �}�(�� �š�Z����
association between these variables Cramer’s V index 
�~�u�����•�µ�Œ���� �}�(�� ���(�(�����š�� �•�]�Ì���•�� �Á���•�� �����o���µ�o���š������ �~���}�Z���v�U�� �í�õ�ô�ô�•�X��
The Spearman’s correlation was used to determine 
the strength and direction of the association between 
two ordinal variables such as accession’s longevity and 
�������‰�š���š�]�}�v�������P�Œ�����X��

RESULTS
According to the studied parameters, observed taxa 
were grouped in four adaptation degrees: very good 
�~�õ�9�•�U���P�}�}�����~�ð�ò�9�•�U���u�����]�µ�u���~�ð�í�9�•�����v�������������~�ð�9�•���������‰�š������
�•�‰�����]���•�X��

	 Plant origin and adaptation degree
�d�Z���� �š���•�š������ �š���Æ���� �Z������ �}�Œ�]�P�]�v�� �]�v�� �õ�� �Œ���P�]�}�v�•�� �~�d�����o���� �í�•�X�� �d�Z����
lowest degree of adaptation was for plants from Southern 
���µ�Œ�}�‰�����~�ó�9�•�����v�����(�Œ�}�u���š�Z�����P�Œ�}�µ�‰���K�š�Z���Œ���Œ���P�]�}�v�•���~�d�����o�����í�•��
whilst the taxa with good adaptation were from Other 
�‰���Œ�š�•���}�(�����µ�Œ�}�‰�����t�� �ò�í�9�����v�����(�Œ�}�u���E�}�Œ�š�Z�����u���Œ�]������ �t�� �ò�ì�9�X��
�/�v�����}�š�Z���}�(���š�Z���•�����Œ���P�]�}�v�•�U���š�Z���Œ�����Á���Œ�����ì�9�����v�����í�9���}�(����������
�������‰�š������ �š���Æ���� ���v���� �í�õ�9�� ���v���� �ï�í�9�� �u�����]�µ�u�� �������‰�š������ �š���Æ����
�Œ���•�‰�����š�]�À���o�Ç�X���d�Z�����P�Œ�����š���•�š���‰���Œ�š���}�(���À���Œ�Ç���P�}�}�����������‰�š�������š���Æ����
�Z�������}�Œ�]�P�]�v���]�v���K�š�Z���Œ���‰���Œ�š�•���}�(�����µ�Œ�}�‰�����t���î�ì�9�����v�����]�v���D�]�����o����
���•�]���� �t�� �í�ó�9�X������ ���Z�]�r�•�‹�µ���Œ���� �š���•�š�� �}�(�� �]�v�����‰���v�����v������ �•�Z�}�Á������
no association between taxa origin and adaptation 
�����P�Œ�������~�‰�E�ì�X�ì�ñ�•�X��

	 Accession’s longevity and adaptation degree
Mainly, the longevity of accessions in the present location 
�Á���•�� �í�ï�r�î�ñ�� �Ç�����Œ�•�� �t�� �ñ�ô�9�U�� ���µ�š�� �í�õ�9�� �Á���Œ���� �����}�À���� �î�ñ�� �Ç�����Œ�•��
hosting the greatest part of good and very good adapted 
�š���Æ���X���d�Z�����š���Æ�����Á�]�š�Z���š�Z�����•�Z�}�Œ�š���•�š���o�}�v�P���À�]�š�Ç���~�µ�‰���š�}���ñ�����v�����ò�r�í�î��
�Ç�����Œ�•�•���Z�������š�Z�����‰�Œ���À���o���v�������]�v�����������~�í�ó�9�•�����v�����u�����]�µ�u���~�ô�9�•��
�������‰�š���š�]�}�v�������P�Œ�������~�d�����o�����ï�•�X���'�}�}�����������‰�š���š�]�}�v���]�v���Œ�����•������
along with longevity: accessions that are cultivated for 
�ò�r�í�î���Ç�����Œ�•���Z�������ï�î�9���}�(���P�}�}�����������‰�š�������š���Æ���U���(�}�Œ���í�ï�r�î�ñ���Ç�����Œ�•��
�t���ð�õ�9�����v���������}�À�����î�ñ���Ç�����Œ�•���t���ñ�õ�9���}�(���P�}�}�����������‰�š�������š���Æ���X��
The longevity for medium adapted taxa was highest for 
���������•�•�]�}�v���š�Z���š�����Œ�������µ�o�š�]�À���š�������(�}�Œ���ò�r�í�î���Ç�����Œ�•���~�ñ�ñ�9�•�����v�����µ�‰��
�š�}���ñ���Ç�����Œ�•���~�ð�ò�9�•�X���d�Z���Œ�����Á���•�������‰�}�•�]�š�]�À�����Á�����l�����•�•�}���]���š�]�}�v��
between accession’s longevity and adaptation degree 
�~�^�‰�����Œ�u���v�[�•�����}�Œ�Œ���o���š�]�}�v���Œ�A�ì�X�î�ï�ñ���v�A�ñ�î�ì���‰�D�ì�X�ì�ì�í�•�X

Taxa origin
Adaptation degree (%)

Bad Medium Good
Very 
good

Central Europe 3 45 47 5

Southern Europe 7 41 �ï�õ 13

Other parts of 
Europe

0 �í�õ 61 20

Europe and Middle 
East

4 46 �ï�õ 11

Middle East 5 37 41 17

Far East 1 46 46 7

Northern and 
Eastern Asia

4 45 47 4

North America 1 31 60 8

Other origins 7 45 40 8

Table 2: Adaptation of the taxa depending on the 
�P���}�P�Œ���‰�Z�]�����}�Œ�]�P�]�v�X
 

Accession’s 
longevity

Adaptation degree (%)

Bad Medium Good
Very 
good

Up to 5 years 17 46 31 6

From 6 to 12 years 8 55 32 5

From 13 to 25 
years

2 38 �ð�õ 11

Above 25 years 0 34 �ñ�õ 7

Table 3: Adaptation of taxa depending on accession’s 
�o�}�v�P���À�]�š�Ç���]�v���š�Z�����‰�Œ���•���v�š���o�}�����š�]�}�v���]�v�����'�h�>�X
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	 Plant life forms and adaptation degree
�d�Z�����‰�Œ�}�‰�}�Œ�š�]�}�v���������}�Œ���]�v�P���š�}���o�]�(�����(�}�Œ�u�•���~�Z���µ�v�l�]�����Œ�U���í�õ�ï�ó�•��
�}�(���š�Z�����š���•�š�������š���Æ�����Á���•�����•���(�}�o�o�}�Á�•���t���ó�ð���9���Z���u�]���Œ�Ç�‰�š�}�‰�Z�Ç�š���•��
���v�����í�ï�9�����}�š�Z�����Z���u�����‰�Z�Ç�š���•�����v�����P���}�‰�Z�Ç�š���•�X���W�Œ�}�‰�}�Œ�š�]�}�v���o��
distribution for the adaptation degree did not show great 
differences proving that adaptation did not depend on 
�š�Z�����o�]�(�����(�}�Œ�u���~�d�����o�����ð�•�����•���]�š���Á���•�����}�v�(�]�Œ�u���������Ç���������Z�]�r�•�‹�µ���Œ����
�š���•�š���}�(���]�v�����‰���v�����v�������~�‰�E�ì�X�ì�ñ�•�X��
 

Plant life form
Adaptation degree (%)

Bad Medium Good
Very 
good

Geophytes 8 41 38 13

Chamaephyties 4 52 38 6

Hemicryptophytes 3 38 50 �õ

Table 4: �������‰�š���š�]�}�v���}�(���š���Æ���������‰���v���]�v�P���}�v���‰�o���v�š���o�]�(�����(�}�Œ�u�•�X

DISCUSSION
The tested taxa distribution by origin indicated several 
tendencies: firstly, the preferences of plant collection 
���Œ�����š�}�Œ�•�U�� ���v���� �•�����}�v���o�Ç�U�� �š�Z���� �Z�]�•�š�}�Œ�]�����o�� �P���Œ�����v�r�(���•�Z�]�}�v��
�š�Œ���v���•�� �~�s���v�� �<�o���µ�v���v�U�� �î�ì�í�ô�•�X�� �d�Z���Ç�� ���Œ���� �������µ�u�µ�o���š������ �]�v��
�‰�o���v�š�����}�o�o�����š�]�}�v�•���}�(�����}�š���v�]�����o���P���Œ�����v�•�X�����'�h�>�����µ�o�š�]�À���š���•���ï�ï��
�}�(���š�Z�����š���•�š�������š���Æ�����(�}�Œ���u�}�Œ�����š�Z���v���ñ�ì���Ç�����Œ�•���•�]�v�������í�õ�ò�î�X���/�v��
general, the origin distribution of tested taxa was similar 
to the results of inventory in Czech Republic: the mean 
origin for alien ornamentals were from Asia, America and 
�D�����]�š���Œ�Œ���v�����v���~�W���Œ�P�o�����š�����o�X�U���î�ì�í�ò�•�X
On the basis of the obtained data it appears that there 
was no association between taxa origin and adaptation 
�����P�Œ�����X�� �,�}�Á���À���Œ�U�� �À���Œ�Ç�� �P�}�}���� �������‰�š������ �š���Æ���� �Á���Œ���� �u���]�v�o�Ç��
�(�Œ�}�u���š�Z�����P�Œ�}�µ�‰���K�š�Z���Œ���‰���Œ�š�•���}�(�����µ�Œ�}�‰�����t���î�ì�9�����v�����D�]�����o����
���•�]���� �t�� �í�ó�9�X�� ���}�š�Z�� �P�Œ�}�µ�‰�•�� �]�v���o�µ�������� �š���Æ���� �š�Z���š�� �Z���À���� ����
�‰�}�š���v�š�]���o�� �(�}�Œ�� �v���š�µ�Œ���o�]�Ì���š�]�}�v�X�� �d�Z���� ���š�š�Œ�]���µ�š���•�� �~�À���P���š���š�]�À����
���v���� �P���v���Œ���š�]�À���� �Œ���P���v���Œ���š�]�}�v�U�� �•���o�(�r�•�}�Á�]�v�P�U�� �•�������]�v�P��
ability, hardiness, resistance to pests and diseases) had 
�š�Z���� �Z�]�P�Z���•�š�� �•���}�Œ���� �(�}�Œ�� �š�Z���•���� �š���Æ���X�� �^�š���š�]�•�š�]�����o�� �����š���� �����}�µ�š��
the alien plants in Europe showed that major donors of 
the taxa were different from other regions of Europe and 
�š���u�‰���Œ���š���� ���•�]���� �~�À���v�� �<�o���µ�v���v�� ���š�� ���o�X�U�� �î�ì�í�ñ�•�X�� �d�Z���� �Œ���•�µ�o�š�•��
of various studies searching for relationship between 
the plant attributes and successful naturalization were 
controversial: some confirmed the association between 
origin and probability of naturalization (Kolar and Lodge, 
�î�ì�ì�í�V�� �^���}�š�š�� ���v���� �W���v���š�š���U�� �í�õ�õ�ï�•�U�� �}�š�Z���Œ�•�� ���]���� �v�}�š�� �(�]�v���� �]�š��
�~�,���v�•�‰�����Z�����š�����o�X�U���î�ì�ì�ô�•�X
The obtained results showed positive weak association 
�����š�Á�����v�� ���������•�•�]�}�v�[�•�� �o�}�v�P���À�]�š�Ç�� ���v���� �������‰�š���š�]�}�v�� �����P�Œ�����X��
Most of the accessions with low adaptation died already 
���µ�Œ�]�v�P�� �š�Z���� �(�]�Œ�•�š�� �Ç�����Œ�•�� �}�(�� ���µ�o�š�]�À���š�]�}�v�� �~�d�Œ�µ�o���À�]���Z�U�� �í�õ�õ�í�V��
�^�u�}�o�]�v�•�l���Ç���U�� �î�ì�ì�î�•�X�� ���Ç�� �d�Œ�µ�o���À�]���Z�� �~�í�õ�õ�í�•�� �u�����v�� �‰���Œ�š�� �}�(��
new introduced taxa in the gardens died in the first five 
�Ç�����Œ�•�� �~�ó�ï�U�î�9�•�U�� �]�v�� �ò�r�í�ì�� �Ç�����Œ�•�� �t�í�ò�U�õ�9�U�� �]�v�� �í�í�r�î�ì�� �Ç�����Œ�•�� �t��
�ô�U�õ�9�U�����(�š���Œ���î�ì���Ç�����Œ�•���t���}�v�o�Ç���í�9���}�(���š���Æ���X���d�Z���Œ�����Á���Œ�����š���Æ����
with good adaptation that are having short life cycle, 
for instance: Jasione montana L., Knautia macedonica 
�'�Œ�]�•�����X���W�Œ�}�������o�Ç�U���]�(�� �š�Z�����‰�Z���v�}�o�}�P�]�����o�����v���� �}�š�Z���Œ�������š���� �(�}�Œ��

statistical analysis were selected only from the accessions 
that died in certain periods it could make a closer link 
�����š�Á�����v���o�}�v�P���À�]�š�Ç�����v�����������‰�š���š�]�}�v�������P�Œ�����X��
Some authors have demonstrated that introduction 
contributes to determining the abundance of exotic 
�•�‰�����]���•�� �~�W�Ç�“���l�� ���š�� ���o�X�U�� �î�ì�ì�ï�U�� �t�������Œ�U�� �í�õ�õ�ô�•�X�� �/�š�� �]�•�� ���o�}�•���o�Ç��
related to dissemination, has an influx of new propagules 
�š�Z�Œ�}�µ�P�Z�� �š�]�u���� �~�<�}�o���Œ�� ���š�� ���o�X�U�� �î�ì�ì�í�•�� ���v���� �]�v�� �(�]�v���o�� ���Œ�]�v�P��
plant diaspores over the cenotic barrier (Vinogradova, 
�î�ì�í�ñ�•�X�� �������}�Œ���]�v�P�� �š�}�� �š�Z���}�Œ���š�]�����o�� ���v���� ���u�‰�]�Œ�]�����o�� �•�š�µ���]���•��
the minimum residence time for naturalization have 
�u���P�v�]�š�µ�����•���}�(���Ç�����Œ�•���š�}���������������•���~�����•�š�Œ�}�����š�����o�X�U���î�ì�ì�ñ�•�X��
In the papers, describing the invasion success depending 
on plant attributes, the life forms do not influence the 
invasion success in warmer climates like Australia (Lake 
���š�����o�X�U���î�ì�ì�ð�•���}�Œ���D�����]�š���Œ�Œ���v�����v���Œ���P�]�}�v���~�>�}�Œ���š�����š�����o�X�U���î�ì�ì�ñ�•�X��
Whereas for temperate climate, winter hardiness of taxa 
generally increased the probability of their naturalization 
but growth forms affected herbs less than shrubs or 
�š�Œ�����•�� �~�,���v�•�‰�����Z�� ���š�� ���o�X�U�� �î�ì�ì�ô�•�X�� �����Œ�o�]���Œ�� �]�š�� �Á���•�� ���•�•�µ�u������
that the adaptation to Latvia’s climate could be more 
�•�µ�������•�•�(�µ�o�� �(�}�Œ�� �P���}�‰�Z�Ç�š���•�� �t�� �š�Z���� �‰�o���v�š�•�� �Z���À�]�v�P�� �Œ���v���Á���o��
bulbs deeper in the soil than rhizomes ensuring better 
�‰�Œ�}�š�����š�]�}�v�� ���µ�Œ�]�v�P�� �Á�]�v�š���Œ�X�� �E���À���Œ�š�Z���o���•�•�U�� �š�Z���� �}���š���]�v������
�Œ���•�µ�o�š�•���o���������š�}���š�Z�������}�v���o�µ�•�]�}�v�•���š�Z���š���š�Z�����o�]�(���r�(�}�Œ�u�����}���•���v�}�š��
�]�u�‰�o�]�����š���� �š�Z���� �������‰�š���š�]�}�v�� �}�(�� �š�Z���� �š���Æ���X�� �K�v�� �š�Z���� �}�v���� �Z���v����
the formation of adventitious buds on rhizomes and 
roots ensures regeneration from their fragments and 
�•�µ�Œ�À�]�À���o�� ���(�š���Œ�� ���� �•���À���Œ���� ���]�•�š�µ�Œ�����v������ �~�,���u���}�µ�v�U�� �í�õ�ó�î�•�X��
���µ�š���}�v���š�Z�����}�š�Z���Œ���t���š�Z�����}�Œ�]�P�]�v���}�(���š���•�š���������µ�o���•���u�}�•�š�o�Ç���Á���•��
�(�Œ�}�u���D�]�����o�������•�]�����}�Œ���^�}�µ�š�Z���Œ�v�����µ�Œ�}�‰�����t���š�Z�����Œ���P�]�}�v�•���Á�]�š�Z��
completely different climates from Latvia where there 
is a sharp change of weather during the frost and thaw 
�(�Œ���‹�µ���v�š�o�Ç�� �]�v�š���Œ���Z���v�P���•�� �~�E�]�l�}�����u�µ�•�� ���š�� ���o�X�U�� �î�ì�í�ô�•�X�� �/�š��
injured the tested bulbs and often led to their extinction 
���(�š���Œ�� �Á�]�v�š���Œ�]�v�P�X�� ���•�‰�����]���o�o�Ç�� �•���v�•�]�š�]�À���� ���Œ����Amaryllidacea 
and Iridaceae�� �š���Æ���� �Á�]�š�Z�� �^�}�µ�š�Z���Œ�v�� ���µ�Œ�}�‰���� �}�Œ�]�P�]�v�X�� �K�v��
the contrary, the geophytes from the Middle East have 
benefited from better winter hardiness and adaptation: 
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four from seven very good adapted taxa were from the 
Liliaceae�� �(���u�]�o�Ç�U�� �}�š�Z���Œ�� �ð�ì�9�� �}�(�� �D�]�����o���� �����•�š�� �P���}�‰�Z�Ç�š���•��
�����o�}�v�P�������š�}�������P�}�}�����������‰�š���š�]�}�v���P�Œ�}�µ�‰�X���^�}�U���š�Z�����o�]�(�����(�}�Œ�u�•��
of herbaceous perennials have no important role in 
adaptation success and this quality can not be used for 
�]�v�À���•�]�}�v���Œ�]�•�l�����•�•���•�•�u���v�š�X��

CONCLUSIONS
	 �í�X���d�Z�����•�š���š�]�•�š�]�����o�����v���o�Ç�•�]�•���Á�]�š�Z�����Z�]�r�•�‹�µ���Œ�����š���•�š���•�Z�}�Á������
that there was no association between plant life form 
and adaptation degree, as well as between taxa origin 
���v�����������‰�š���š�]�}�v�������P�Œ�����X��
	 �î�X�� �d�Z���� �o�]�(���� �(�}�Œ�u�� ���v���� �}�Œ�]�P�]�v�� ���•�� �š���Æ���� ���Z���Œ�����š���Œ�•�� ���Œ����
not the parameters to be used for the prediction of 
�]�v�À���•�]�À���v���•�•���‰�}�•�•�]���]�o�]�š�Ç�X��
	 �ï�X���d�Z�����o�}�v�P���À�]�š�Ç���}�(���š�Z�����‰�o���v�š�•���]�v���š�Z�����‰�Œ���•���v�š���o�}�����š�]�}�v��
correlated with adaptation: longevity could be used as 
one parameter for the development of the evaluation 
�•�Ç�•�š���u���(�}�Œ���š�Z�����Z���Œ���������}�µ�•�����o�]���v���‰�o���v�š���������‰�š���š�]�}�v�X��
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�����s�/�������>�s���^¹²³�U���:�K���K���>�K�h�Z���/�Z�K²�U���W���h�>�K���^�/�>�s���/�Z��³�U�����E�d�M�E�/�K�����X���'�K�h�s���/��¹²
CATARINA SIOPA²�U���^�1�>�s�/���������^�d�Z�K¹²*

�÷���}�š���v�]�����'���Œ�����v���}�(���š�Z�����h�v�]�À���Œ�•�]�š�Ç���}�(�����}�]�u���Œ���U�������o�����������D���Œ�š�]�u���������&�Œ���]�š���•�U���ï�ì�ì�ì�r�ð�ñ�ò�����}�]�u���Œ���U���W�}�Œ�š�µ�P���o
�ø�����v�š�Œ���� �(�}�Œ�� �&�µ�v���š�]�}�v���o�� �����}�o�}�P�Ç�U�� �����‰���Œ�š�u���v�š�� �}�(�� �>�]�(���� �^���]���v�����•�U�� �&�����µ�o�š�Ç�� �}�(�� �^���]���v�����•�U�� �h�v�]�À���Œ�•�]�š�Ç�� �}�(�� ���}�]�u���Œ���U�� �����o����������
�D���Œ�š�]�u���������&�Œ���]�š���•�U���ï�ì�ì�ì�r�ð�ñ�ò�����}�]�u���Œ���U���W�}�Œ�š�µ�P���o
�ù�����^���D�����v���������‰���Œ�š�u���v�š���}�(�����]�}�o�}�P�Ç�U���h�v�]�À���Œ�•�]�š�Ç���}�(�����À���]�Œ�}�U�������u�‰�µ�•���h�v�]�À���Œ�•�]�š���Œ�]�}���������^���v�š�]���P�}�U���ï�ô�í�ì�r�í�õ�ï�����À���]�Œ�}�U���W�}�Œ�š�µ�P���o
�Ž�•�����•�š�Œ�}�›���}�š�X�µ���X�‰�š

ABSTRACT
 Verbascum litigiosum���^���u�‰�X���~�^���Œ�}�‰�Z�µ�o���Œ�]�����������•���]�•�����v�����v�����u�]�����‰�o���v�š���•�‰�����]���•���(�Œ�}�u���W�}�Œ�š�µ�P���o�U���P�Œ�}�Á�]�v�P���]�v�����µ�v�����•�Ç�•�š���u�•��
from the Centre (Serra da Boa Viagem, Figueira da Foz) to the South regions (Algarve), with an estimated area of 
�}�����µ�‰���v���Ç�� �}�(�� �î�ì�ì�� �l�u�ø�X�� �d�Z�]�•�� �•�‰�����]���•�� �Z���•�� �������v�� ���o���•�•�]�(�]������ ���Ç�� �/�h���E�� ���•�� �s�µ�o�v���Œ�����o���� ���î�V�� �Z�}�Á���À���Œ�U�� �š�Z���� �Œ�������v�š�� �����š�����š�]�}�v��
�}�(���v�}�À���o���‰�}�‰�µ�o���š�]�}�v�•���Z���•���������Œ�����•�������š�Z���������š���P�}�Œ�Ç���š�}���E�����Œ���d�Z�Œ�����š���v�������~�E�d�•�X���^�š�]�o�o�U���]�š�•���Z�����]�š���š���]�•���•���À���Œ���o�Ç�����v�����v�P���Œ������
by anthropogenic activities and biological invasions, which, together with the current high levels of population 
fragmentation and small population sizes, increase the vulnerability to stochastic processes involved in steep 
�‰�}�‰�µ�o���š�]�}�v���������o�]�v���•�X���^�]�v�������v�}���]�v�(�}�Œ�u���š�]�}�v���Á���•�����À���]�o�����o���������}�µ�š���š�Z�����Œ���‰�Œ�}���µ���š�]�À�������]�}�o�}�P�Ç���}�(���s�X���o�]�š�]�P�]�}�•�µ�u�U���]�š���Á���•�����•�•���v�š�]���o��
�š�}���µ�v�����Œ�•�š���v�����š�Z�����Œ���‰�Œ�}���µ���š�]�À�����(�����š�}�Œ�•�����(�(�����š�]�v�P���‰�}�‰�µ�o���š�]�}�v�����Ç�v���u�]���•���}�(���š�Z�]�•���•�‰�����]���•�X���K�µ�Œ���u���]�v���}���i�����š�]�À�����Á���•���š�}���•�š�µ���Ç��
the reproductive biology of V. litigiosum. For that purpose, we studied floral development by monitoring flowers 
across time, and reproductive biology by performing controlled pollination experiments and examining pollen tube 
�����À���o�}�‰�u���v�š�X���Z���•�µ�o�š�•�� �Œ���À�����o������ ���� �u�]�Æ������ �u���š�]�v�P���•�š�Œ���š���P�Ç�U���]�X���X�U���(�o�}�Á���Œ�•���Z���À���� ���� �•�Z�}�Œ�š���o�]�(���•�‰���v�U���Œ���u���]�v�]�v�P�����À���]�o�����o���� �(�}�Œ��
pollinators for one day only; before corolla opening, the anthers open on top of the stigma, spontaneously depositing 
�•���À���Œ���o���‰�}�o�o���v���P�Œ���]�v�•���}�v���š�Z�����•�š�]�P�u���š�]�����‰���‰�]�o�o�����X�����•���š�Z�����‰�o���v�š���]�•���•���o�(�r���}�u�‰���š�]���o���U���š�Z�]�•���‰�}�o�o���v�������‰�}�•�]�š�������‰�Œ�]�}�Œ���š�}���(�o�}�Á���Œ��
�}�‰���v�]�v�P�� �(���Œ�š�]�o�]�Ì���•�� �}�v���r�š�Z�]�Œ���� �}�(�� �š�Z���� �}�À�µ�o���•�U�� �P�µ���Œ���v�š�����]�v�P�� �•�}�u���� �o���À���o�� �}�(�� �(���Œ�š�]�o�]�Ì���š�]�}�v�� �~�‰�Œ�]�}�Œ�� �•���o�(�r�‰�}�o�o�]�v���š�]�}�v�� �•�š�Œ���š���P�Ç�•�X��
���(�š���Œ�Á���Œ���•�U���‰�}�o�o�]�v���š�}�Œ���À�]�•�]�š���š�]�}�v�����v�����}�µ�š���Œ�}�•�•�]�v�P�����Œ�������v�����o�����X���d�Z�]�•���u�]�Æ�������u���š�]�v�P���•�š�Œ���š���P�Ç���‰���Œ�š�]���o�o�Ç���•�����µ�Œ���•���‰�}�o�o�]�v���š�]�}�v��
in the absence of mating partners and/or pollinators; however, pollinator visits have the potential to significantly 
�]�v���Œ�����•�����Œ���‰�Œ�}���µ���š�]�À�����(�]�š�v���•�•�X���d�Z�]�•���•�š�Œ���š���P�Ç���u�]�P�Z�š�����������Œ�µ���]���o���š�}���•�µ�•�š���]�v���‰�}�‰�µ�o���š�]�}�v�•���µ�v�����Œ���o�]�u�]�š�������‰�}�o�o�]�v���š�]�}�v���Œ���•�}�µ�Œ�����•��
�•�µ���Z�����•���š�Z�����}�v���•�����Œ�����š���������Ç���•�u���o�o�����v�����(�Œ���P�u���v�š�������‰�}�‰�µ�o���š�]�}�v�•�X
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INTRODUCTION 
���u�}�v�P�� �š�Z���� �o�]�(���r�Z�]�•�š�}�Œ�Ç�� �š�Œ���]�š�•�� �}�(�� �(�o�}�Á���Œ�]�v�P�� �‰�o���v�š�•�U��
reproduction is of major importance for population 
�u���]�v�š���v���v�����X�����•�š�]�u���š���•���]�v���]�����š�����š�Z���š���v�����Œ�o�Ç���õ�ì�9���}�(���š�Z����
Angiosperms are pollinated by animals, with insects 
�Œ���‰�Œ���•���v�š�]�v�P���š�Z�����u���]�v���P�Œ�}�µ�‰���}�(���‰�}�o�o�]�v���š�}�Œ�•���~�K�o�o���Œ�š�}�v�����š�����o�X�U��
�î�ì�í�í�•�X�� �W�}�o�o�]�v���š�]�}�v�� �]�•�� ���� �u�µ�š�µ���o�]�•�š�]���� �Œ���o���š�]�}�v�•�Z�]�‰�� �����š�Á�����v��
plants and animals; however, this relationship is based on 
�����À���v�š���P���•���}�v�����}�š�Z���•�]�����•�U���]�X���X�U���‰�o���v�š�•�����À�}�o�À�������š�}�������Z�]���À����
gamete dispersal, while pollinators search for food, 
�•�Z���o�š���Œ���}�Œ���Z�����š���~���Œ�}�v�•�š���]�v�����š�����o�X�U���î�ì�ì�ò�•�X�����}�v�•���‹�µ���v�š�o�Ç�U���š�Z����
dependence on pollinators to move the male gametes to 
female structures led to the evolution of a diverse set 
of flower morphologies and floral rewards, as a mean 

�š�}�� �]�v���Œ�����•���� ���š�š�Œ�����š�]�À���v���•�•�� ���v���� �‰�}�o�o�]�v���š�}�Œ�� �(�]�����o�]�š�Ç�� �~���X�P�X�U��
�����Œ�Œ���š�š�U�� �î�ì�ì�ï�V�� ���Œ�}�v�•�š���]�v�� ���š�� ���o�X�U�� �î�ì�ì�ò�V�� ���}�v�v���o�o�Ç�� ���š�� ���o�X�U��
�í�õ�õ�ô�V���>�o�}�Ç���U���í�õ�ô�ì�•�X���,�}�Á���À���Œ�U���‰�}�o�o�]�v���š�}�Œ���‰�Œ���•���v�������u�]�P�Z�š��
be variable in time and space, especially in fragmented 
habitats, leading to insufficient pollination resources 
and compromising reproductive success of plant species 
�~�t�]�o�o���}���l���˜���E���]�o���v���U���î�ì�ì�î�V���<���o�]�•�Ì���˜���s�}�P�o���Œ�U���î�ì�ì�ï�V���,�����o���Ç��
���v���� �����š�š�•�U�� �î�ì�í�î�•�X�� �d�Z�µ�•�U�� �µ�v�‰�Œ�����]���š�����o���� �‰�}�o�o�]�v���š�]�}�v��
resources might lead to the evolution of mechanisms 
to overcome pollination deficits and to become less 
�����‰���v�����v�š�� �}�v�� �‰�}�o�o�]�v���š�}�Œ�•�� �~�����Œ�Œ���š�š�U�� �î�ì�ì�ï�V�� �'�}�}���Á�]�o�o�]���� �˜��
�t�������Œ�U���î�ì�í�ô�V���>�o�}�Ç���U���í�õ�õ�î�•�X
Pollen limitation due to pollinator scarcity might be 
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�}�À���Œ���}�u���� �š�Z�Œ�}�µ�P�Z�� ���]�(�(���Œ���v�š�� �Œ���‰�Œ�}���µ���š�]�À���� �u�����Z���v�]�•�u�•�X��
�d�Z���•���� �u�����Z���v�]�•�u�•�� �µ�•�µ���o�o�Ç�� �]�v���o�µ������ ���µ�š�}�v�}�u�}�µ�•�� �•���o�(�r
reproduction assuring offspring production (Lloyd, 
�í�õ�õ�î�V�� �&���µ�•�š�}�� ���š�� ���o�X�U�� �î�ì�ì�í�•�X�� �W�o���v�š�•�� �u���Ç�� �•�Z�]�(�š�� �š�}�� ���� �u�]�Æ������
�u���š�]�v�P�� �•�Ç�•�š���u�� �š�Z���š�� ���}�u���]�v���•�� ���Œ�}�•�•�r�‰�}�o�o�]�v���š�]�}�v�� �Á�]�š�Z��
�•���o�(�r�‰�}�o�o�]�v���š�]�}�v�� ���•�� ���� �Œ���‰�Œ�}���µ���š�]�À���� ���•�•�µ�Œ���v�����U�� �]�v�� �����•���� �}�(��
�‰�}�o�o�]�v���š�}�Œ�•�� �}�Œ�� �u���š���� �o�]�u�]�š���š�]�}�v�� �~���X�P�X�U�� �<���o�]�•�Ì�� ���š�� ���o�X�U�� �î�ì�ì�ð�V��
�D�}�Œ�P���v���˜���t�]�o�•�}�v�U���î�ì�ì�ñ�•�X���^�š�]�o�o�U���š�Z�����Œ���‰�Œ�}���µ���š�]�À�������•�•�µ�Œ���v������
�‰�Œ�}�À�]�������� ���Ç�� �•���o�(�r�‰�}�o�o�]�v���š�]�}�v�U�� �]�(�� �}�µ�š���Œ�}�•�•�]�v�P�� �]�•�� �v�}�š��
�‰�}�•�•�]���o���U�� �Á�]�o�o�� ���}�v�•�š�]�š�µ�š���� ���� �š�Œ�������r�}�(�(�U�� ���•�� �•���o�(�]�v�P�� �]�•�� �Œ���o���š������
with subsequent fitness losses (inbreeding depression; 
���Z���Œ�o���•�Á�}�Œ�š�Z�� �˜�� ���Z���Œ�o���•�Á�}�Œ�š�Z�U�� �í�õ�ô�ó�•�X�� �W�Œ�]�}�Œ�U�� ���}�u�‰���š�]�v�P��
and delaying selfing are the three types of autonomous 
selfing found in flowering plants, depending on the 
pollen from a given flower being deposited over its own 
�•�š�]�P�u���U�������(�}�Œ���U�����µ�Œ�]�v�P���}�Œ�����(�š���Œ���š�Z�����}�‰�‰�}�Œ�š�µ�v�]�š�Ç���(�}�Œ�����Œ�}�•�•�r
�‰�}�o�o�]�v���š�]�}�v�U���Œ���•�‰�����š�]�À���o�Ç���~�>�o�}�Ç���U���í�õ�õ�î�•�X�������o���Ç�������•���o�(�]�v�P���]�•��
�š�Z���� �u�}�•�š�� ���}�u�u�}�v�� �•���o�(�r�Œ���‰�Œ�}���µ���š�]�}�v�� �u�����Z���v�]�•�u�� �~���X�P�X�U��
�D�}�Œ�P���v���˜���t�]�o�•�}�v�U���î�ì�ì�ñ�V���D�}�Œ�P���v�����š�����o�X�U���î�ì�ì�ñ�•�U���}�����µ�Œ�Œ�]�v�P��
�}�v�o�Ç�� �]�(�� ���Œ�}�•�•�r�‰�}�o�o�]�v���š�]�}�v�� �(���]�o�•�U�� �š�Z���Œ�����Ç�� �Œ�����µ���]�v�P�� �‰�}�o�o���v��
���v�����•�����������]�•���}�µ�v�š�]�v�P���~�>�o�}�Ç���U���í�õ�õ�î�V���'�}�}���Á�]�o�o�]�����˜���t�������Œ�U��
�î�ì�í�ô�•�X�� ���Ç�� ���}�v�š�Œ���•�š�U�� �‰�Œ�]�}�Œ�� �•���o�(�]�v�P�� �}�����µ�Œ�•�� �����(�}�Œ���� ���v�Ç��
�}�‰�š�]�}�v���(�}�Œ�����Œ�}�•�•�r�‰�}�o�o�]�v���š�]�}�v�U�����v�����•�����u�•���š�}���������(���À�}�Œ������in 
situ���š�]�}�v�•���}�(���•�š�Œ�}�v�P���‰�}�o�o�]�v���š�]�}�v���o�]�u�]�š���š�]�}�v���~�>�o�}�Ç���U���í�õ�õ�î�•�X
The occurrence of different mating mechanisms is 
of major importance as it structures the population 
genetic diversity and population dynamics of a species 
�~�K�}�•�š���Œ�u���]�i���Œ�U�� �î�ì�ì�ì�V�� �����Œ�Œ���š�š�U�� �î�ì�ì�ï�•�X�� �Z���‰�Œ�}���µ���š�]�}�v��
is of an increased importance in endemic species 
characterized by a limited number of populations and/
or small population sizes, where reproductive success 
may severely decrease with the number of individuals 
�]�v���š�Z���� �‰�}�‰�µ�o���š�]�}�v���~�^���Z���u�•�l���� ���š�����o�X�U���í�õ�õ�ð�V���K�}�•�š���Œ�u���]�i���Œ�U��
�î�ì�ì�ì�U���î�ì�ì�ï�V���t�]�o���}���l���˜���E���]�o���v���U���î�ì�ì�î�•�X�����������µ�•�����}�(���š�Z���•����
impacts of reproduction modes for plant populations, it is 
essential to understand the corresponding reproductive 
biology and main reproductive mechanisms in order to 
develop a management strategy to protect a particular 
�‰�o���v�š���•�‰�����]���•���•�µ�������•�•�(�µ�o�o�Ç���~�^���Z���u�•�l�������š�����o�X�U���í�õ�õ�ð�V���t�]�o���}���l��

�˜���E���]�o���v���U���î�ì�ì�î�•�X
Verbascum litigiosum�� �^���u�‰�X�� �~�^���Œ�}�‰�Z�µ�o���Œ�]�����������•�� �]�•�� ���v��
���v�����u�]���� �•�‰�����]���•�� �(�Œ�}�u�� �š�Z���� �Á���•�š�� ���}���•�š�� �}�(�� �W�}�Œ�š�µ�P���o�X�� ����
���]���v�v�µ���o���•�‰�����]���•�U���]�š���P�Œ�}�Á�•���µ�‰���š�}���î���u���Z���]�P�Z�š���~�����v�����_�U���î�ì�ì�õ�•��
and flowers from April to June, with a flowering peak in 
�o���š�����D���Ç���~���X�����o�À���•�U���(�]���o�����}���•���Œ�À���š�]�}�v�•�•�X���/�š���P�Œ�}�Á�•���]�v�����µ�v����
systems from the Centre (Serra da Boa Viagem, Figueira 
da Foz) to the South regions of Portugal (Algarve), over an 
estimated area of occupancy of 200 km² (Lista Vermelha 
������ �&�o�}�Œ���� �s���•���µ�o���Œ�U�� �î�ì�í�õ�•�X�� �d�Z���� ���µ�v���� �•�Ç�•�š���u�� �Á�Z���Œ���� �š�Z����
species grows suffers from marked habitat degradation 
and quality loss due to anthropogenic activities, such 
as expansion of urban and touristic areas, agricultural 
activities and extraction of inert materials, as well as 
�(�Œ�}�u�����]�}�o�}�P�]�����o���]�v�À���•�]�}�v�•�X�����}�v�•���‹�µ���v�š�o�Ç�U���š�Z�����‰�}�‰�µ�o���š�]�}�v�•��
of V. litigiosum are severely fragmented and frequently 
of small sizes, being highly vulnerable to stochastic 
���À���v�š�•���š�Z���š���u���Ç���(�µ�Œ�š�Z���Œ���š�Z�Œ�����š���v���š�Z�����•�‰�����]���•�X��Verbascum 
litigiosum has been classified by IUCN as Vulnerable B2 
and it is legally protected in Portugal, being listed in the 
Annex II of the Habitats Directive; however, the recent 
detection of novel localities decreased the category to 
�E�����Œ�� �d�Z�Œ�����š���v������ �t�� �E�d�X�� �E���À���Œ�š�Z���o���•�•�U�� �š�Z���� �‰�Œ���•�•�µ�Œ���� �}�v��
its habitat is menacing the populations (Lista Vermelha 
������ �&�o�}�Œ���� �s���•���µ�o���Œ�U�� �î�ì�í�õ�•�X�� �/�v�(�}�Œ�u���š�]�}�v�� �}�v�� �š�Z���� ���]�}�o�}�P�Ç�� �}�(��
�š�Z�]�•���•�‰�����]���•���Á���•���v�}�v�r���Æ�]�•�š���v�š�U���Á�]�š�Z���/�h���E���Œ�����}�u�u���v���]�v�P�U��
as an important conservation measure, to increase the 
knowledge of the biology of V. litigiosum.
Thus, the objective of this work was to study the 
�Œ���‰�Œ�}���µ���š�]�À���� ���]�}�o�}�P�Ç�� �}�(�� �s�X�� �o�]�š�]�P�]�}�•�µ�u�X�� �/�v�� �‰���Œ�š�]���µ�o���Œ�U�� �Á����
studied flower development, reproductive mechanisms, 
and degree of pollinator dependence and of reproductive 
���•�•�µ�Œ���v�����X�� �&�}�Œ�� �š�Z�]�•�U�� �Á���� �(�}�o�o�}�Á������ �(�o�}�Á���Œ�� �����À���o�}�‰�u���v�š��
closely to determine flower lifespan, monitoring female 
and male organ maturations to depict mechanisms that 
�u���Ç�����o�o�}�Á���‰�Œ�]�}�Œ���}�Œ�������o���Ç�������•���o�(�]�v�P�X�����}�v�š�Œ�}�o�o�������‰�}�o�o�]�v���š�]�}�v��
experiments were also performed using pollen tube 
development as reproductive success variable of the 
���]�(�(���Œ���v�š���‰�}�o�o�]�v���š�]�}�v���š�Œ�����š�u���v�š�•�X

MATERIAL AND METHODS
	 Flower development
�d�}�� ���•�•���•�•�� �(�o�}�Á���Œ�� �����À���o�}�‰�u���v�š�� ���v���� �(�o�}�Á���Œ�� �o�]�(���•�‰���v�� �}�(�� �s�X��
litigiosum, flowering stems with flower buds from 16 
individuals were collected in natural populations and 
�l���‰�š�� �]�v�� �š�Z���� �o�����}�Œ���š�}�Œ�Ç�� �µ�v�����Œ�� �}�‰�š�]�u���o�� ���}�v���]�š�]�}�v�•�� �~�]�X���X�U��
kept in vessels with a nutritional solution for cut flowers 
and with natural light conditions), and further excluded 
�(�Œ�}�u�� �‰�}�o�o�]�v���š�}�Œ�•�X�� �&�o�}�Á���Œ�� ���µ���•�� �Á���Œ���� �š���P�P������ �]�v�� �š�Z����

inflorescences, and floral development was monitored 
�����]�o�Ç�� �µ�v�š�]�o�� �•���v���•�����v�����X�� �d�Z���� �(�}�o�o�}�Á�]�v�P�� �‰���Œ���u���š���Œ�•�� �Á���Œ����
recorded: day of opening and closure, and presence/
absence of pollen grains in the stigma after corolla 
�}�‰���v�]�v�P�X�� �&�o�}�Á���Œ�� ���µ���•�� �Á���Œ���� ���o�•�}�� ���}�o�o�����š������ �(�Œ�}�u�� ���o�o�� �š�Z����
inflorescences to inspect the occurrence of anther 
�����Z�]�•�����v�����������(�}�Œ�����š�Z�����}�‰���v�]�v�P���}�(���š�Z�������}�Œ�}�o�o���X
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	 Pollination experiments
To determine the reproductive system of V. litigiosum, 
we performed controlled pollinations in an environment 
���Æ���o�µ���]�v�P�� �‰�}�o�o�]�v���š�}�Œ�•�X�� �&�}�Œ�� �š�Z���š�U�� �(�}�µ�Œ�� �(�o�}�Á���Œ�•�� �‰���Œ��
inflorescence were tagged and assigned to one of the 
following four treatments: (a) emasculation immediately 
���(�š���Œ�� ���}�Œ�}�o�o���� �}�‰���v�]�v�P�� �Á�]�š�Z�� �v�}�� �}�š�Z���Œ�� �u���v�]�‰�µ�o���š�]�}�v�� �t��
�š�}�� ���•�•���•�•�� ���µ�š�}�v�}�u�}�µ�•�� �•���o�(�r�(���Œ�š�]�o�]�Ì���š�]�}�v�� �����(�}�Œ���� �(�o�}�Á���Œ��
�}�‰���v�]�v�P�� �~�]�X���X�U�� �‰�Œ�]�}�Œ�� �•���o�(�r�‰�}�o�o�]�v���š�]�}�v�•�V�� �~���•�� �µ�v�u���v�]�‰�µ�o���š������
�(�o�}�Á���Œ�•�� �t�� �š�}�� ���•�•���•�•�� �‰�Œ�]�}�Œ�� ���v���� �����o���Ç������ �•���o�(�]�v�P�V�� �~���•��
emasculation immediately after corolla opening and 
�Z���v���r�‰�}�o�o�]�v���š�]�}�v�� �µ�•�]�v�P�� �}�µ�š���Œ�}�•�•�� �‰�}�o�o���v�� �t�� �š�}�� ���•�•���•�•��
�‰�Œ�]�}�Œ�� �•���o�(�r�‰�}�o�o�]�v���š�]�}�v�� ���v���� �}�µ�š���Œ�}�•�•�]�v�P�� �•�µ�������•�•�V�� �~���•�� �v�}��
���u���•���µ�o���š�]�}�v�����v�����Z���v���r�‰�}�o�o�]�v���š�]�}�v���µ�•�]�v�P���}�µ�š���Œ�}�•�•���‰�}�o�o���v��
�t���š�}�����•�•���•�•���}�‰�š�]�u���o���‰�}�o�o�]�v���š�]�}�v�����o�o�}�Á�]�v�P�����o�o���š�Z�����•�š�Œ���š���P�]���•�X��
After flower senescence, the pistils were collected and 

�Z���Œ�À���•�š������ �]�v�� ���š�Z���v�}�o�� �ó�ì�9�� �(�}�Œ�� �•�µ���•���‹�µ���v�š�� ���Æ���u�]�v���š�]�}�v��
�}�(�� �‰�}�o�o���v�� �š�µ������ �����À���o�}�‰�u���v�š�X�� �&�}�Œ�� �š�Z�]�•�U�� �š�Z���� �‰�]�•�š�]�o�•�� �Á���Œ����
softened in 8 M sodium hydroxide for 2h, rinsed in 
���]�•�š�]�o�o�������Á���š���Œ�����v�����•�š���]�v�������Á�]�š�Z�����v�]�o�]�v�������o�µ�����ì�X�í���D���(�}�Œ���í�ô�Z��
���š�������Œ�l�����}�v���]�š�]�}�v�•���~�����(�v�]�����š�����o�X�U���î�ì�ì�ñ�•�X���W�]�•�š�]�o�•���Á���Œ�����š�Z���v��
�‰�o�����������}�v�������u�]���Œ�}�•���}�‰�����•�o�]�������Á�]�š�Z���������Œ�}�‰���}�(���P�o�Ç�����Œ�]�v���ñ�ì�9�U��
�•�‹�µ���•�Z�����������v�����š�Z���������}�À���Œ���•�o�]�‰�����v�����•�����o�����X���W�}�o�o���v���š�µ�����•��
were counted using an epifluorescence microscope with 
�����h�s�r�î�����(�]�o�š���Œ�����µ�����X

	 Statistical analysis
Differences in the number of pollen tubes between 
�‰�}�o�o�]�v���š�]�}�v�� �š�Œ�����š�u���v�š�•�� �Á���Œ���� ���v���o�Ç�Ì������ �µ�•�]�v�P�� ���� �}�v���r�Á���Ç��
ANOVA, followed by a Tukey test for pairwise multiple 
���}�u�‰���Œ�]�•�}�v�•�X

RESULTS
	 Flower development
�d�Z�����o�]�(���•�‰���v���}�(���(�o�}�Á���Œ�•���}�(���s�X���o�]�š�]�P�]�}�•�µ�u���]�•���}�v���������Ç���~�&�]�P�µ�Œ����
1), meaning that in nature the flowers remain open and 
���À���]�o�����o���� �(�}�Œ�� �‰�}�o�o�]�v���š�}�Œ�•�� �(�}�Œ�� �}�v���� �����Ç�� �}�v�o�Ç�X�� �/�v�š���Œ���•�š�]�v�P�o�Ç�U��
we observed that the dehiscence of the anthers occurs 
�����(�}�Œ���� ���}�Œ�}�o�o���� �}�‰���v�]�v�P�U�� �]�X���X�U�� �]�v�� �š�Z���� �����Ç�� �����(�}�Œ���� ���}�Œ�}�o�o����
���v�š�Z���•�]�•�U���Á�]�š�Z���•���o�(�r�‰�}�o�o���v�������]�v�P�������‰�}�•�]�š�������]�v���š�Z�����•�š�]�P�u���š�]����
�‰���‰�]�o�o�������~�&�]�P�µ�Œ�����î���r���•�X���d�Z�]�•���}�‰���v�•���š�Z�����‰�}�•�•�]���]�o�]�š�Ç���(�}�Œ���š�Z����
�‰�Œ�]�}�Œ���•���o�(�r�(���Œ�š�]�o�]�Ì���š�]�}�v���u�����Z���v�]�•�u�X���/�v���š�Z�������v�����}�(���š�Z���������Ç�U��
the corolla starts to close (Figure 1C), and the anthers 
bend towards the stigma, enabling the deposition of 
more pollen on the stigma and the possibility for delayed 
�•���o�(�r�‰�}�o�o�]�v���š�]�}�v�X�� �,�}�Á���À���Œ�U�� �š�Z���� �‰�}�o�o���v�� �P�Œ���]�v�•�� ���o�•�}�� �•�š���Œ�š��
to acquire a whitish color, possibly linked with lower 
�À�]�����]�o�]�š�Ç�X���/�v���š�Z�����u�}�Œ�v�]�v�P���}�(���š�Z�����(�}�o�o�}�Á�]�v�P�������Ç�U���š�Z�������}�Œ�}�o�o����
is completely wilted (Figure 1D), easily falling from the 
�]�v�(�o�}�Œ���•�����v�����X

	 Pollination experiments
The controlled pollination experiments allowed the study 
of reproductive mechanisms in V. litigiosum�X�� �^�]�P�v�]�(�]�����v�š��
differences are observed between treatments (F3,52 = 
�í�ð�X�ô�ó�U�� �W�� �D�� �ì�X�ì�ì�í�V�� �&�]�P�µ�Œ���� �î���•�X�� �&�]�Œ�•�š�U�� �š�Z���� �����À���o�}�‰�u���v�š�� �}�(��
�‰�}�o�o���v���š�µ�����•���]�v���š�Z�����•�š�Ç�o�������(�š���Œ���•���o�(�r�‰�}�o�o�]�v���š�]�}�v���~�&�]�P�µ�Œ�����î���r
���•���•�µ�P�P���•�š���š�Z���š���š�Z�����•�‰�����]���•���]�•���•���o�(�r���}�u�‰���š�]���o���U�����o�š�Z�}�µ�P�Z��
�Á���� �Z���À���� �v�}�š�� ���Æ���u�]�v������ �•�������� �‰�Œ�}���µ���š�]�}�v�X�� �d�Œ�����š�u���v�š�•��
�]�v�À�}�o�À�]�v�P�� �}�v�o�Ç�� �•���o�(�r�‰�}�o�o�]�v���š�]�}�v�� �•�š�Œ���š���P�]���•�� �~�š�Œ�����š�u���v�š�•�� ����
and b; Figure 2D) presented a similar number of pollen 
�š�µ�����•�� �~�W���E�� �ì�X�ì�ñ�V���D�����v�� �F�� �^���W�������r�� �ó�ð�X�ï�� �F�� �í�ï�X�ð�U�������r�� �í�ì�í�X�ï�� �F��
�í�ò�X�ï�•�V�� �Z�}�Á���À���Œ�U�� �š�Z���� �v�µ�u�����Œ�� �}�(�� �‰�}�o�o���v�� �š�µ�����•�� �}���•���Œ�À������
in these treatments was significantly lower than those 
observed in treatments involving outcross pollinations 
�~�š�Œ�����š�u���v�š�•���������v�������V���&�]�P�µ�Œ�����î���•���~�W���D���ì�X�ì�ñ�•�U���š�Z�����o���š�š���Œ�����o�•�}��
�v�}�š�� ���]�(�(���Œ�]�v�P�������š�Á�����v�� �š�Z���u�•���o�À���•�� �~�W���E�� �ì�X�ì�ñ�V�������r�� �í�õ�õ�X�ô�� �F��
�í�ï�X�õ�U�������r���í�ô�ò�X�õ���F���í�õ�X�ó�V���&�]�P�µ�Œ�����î���•�X���t�]�š�Z�}�µ�š���‰�}�o�o���v���À�����š�}�Œ�•��
(treatments a and b) the flowers of V. litigiosum�� �•���o�(�r
pollinate with successful pollen tube development being 
observed (Figure 2C), although outcross pollinations 
significantly increased the number of pollen tubes in the 
�•�š�Ç�o���•���~�&�]�P�µ�Œ�����î���•�X

DISCUSSION
Verbascum litigiosum presents a mixed mating 
strategy that secures pollination in the absence of 
�u���š�]�v�P�� �‰���Œ�š�v���Œ�•�� ���v���l�}�Œ�� �‰�}�o�o�]�v���š�}�Œ�•�� �š�Z�Œ�}�µ�P�Z�� �‰�Œ�]�}�Œ�� �•���o�(�r
pollination; however, pollinator visits have the potential 
�š�}���•�]�P�v�]�(�]�����v�š�o�Ç���]�v���Œ�����•�����Œ���‰�Œ�}���µ���š�]�À�����(�]�š�v���•�•�����(�š���Œ�Á���Œ���•�X��
This reproductive strategy most probably evolved in 

�Œ���•�‰�}�v�•���� �š�}�� �•�š�Œ�}�v�P�� �‰�}�o�o�]�v���š�}�Œ�� �o�]�u�]�š���š�]�}�v�� �~�>�o�}�Ç���U�� �í�õ�õ�î�•��
and, at present, it might be an important strategy to 
sustain the highly fragmented and small size populations 
of this species; still, further studies are required to assess 
�]�š�•���]�u�‰�����š�•���]�v���‰�o���v�š���(�]�š�v���•�•�����v�����P���v���š�]�����•�š�Œ�µ���š�µ�Œ���X
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	 Floral development
The study of flower development revealed that flowers 
of V. litigiosum have a very short lifespan, remaining 
open and available for pollinators and for outcrossing 
�(�}�Œ�� �}�v���� �����Ç�� �}�v�o�Ç�X�� ���v�š�Z���Œ�•�� ���Œ���� �����Z�]�•�����v�š�� �����(�}�Œ���� ���}�Œ�}�o�o����
opening, releasing and depositing several pollen grains 
�}�v���š�Z�����(�o�}�Á���Œ�[�•���}�Á�v���•�š�]�P�u���X���d�Z�]�•�������À���o�}�‰�u���v�š���o���‰�Œ�}�����•�•��
�‰�Œ�}�u�}�š���•�� �•���o�(�r�‰�}�o�o�]�v���š�]�}�v�� �����(�}�Œ���� �(�o�}�Á���Œ�� �}�‰���v�]�v�P�U�� �]�X���X�U��
�‰�Œ�]�}�Œ���•���o�(�r�‰�}�o�o�]�v���š�]�}�v���u�����Z���v�]�•�u�X�����š���š�Z�������v�����}�(�������Ç���}�v���U��
the corolla starts to wilt, closing over the sexual organs 
���v�����‰�Œ�}�u�}�š�]�v�P���(�µ�Œ�š�Z���Œ���•���o�(�r�‰�}�o�o�]�v���š�]�}�v�U���]�X���X�U�������o���Ç�������•���o�(�r
�‰�}�o�o�]�v���š�]�}�v���u�����Z���v�]�•�u�X

Mating strategies
Pollination experiments revealed that V. litigiosum is a 
�•���o�(�r���}�u�‰���š�]���o���� �•�‰�����]���•�U�� ���o�š�Z�}�µ�P�Z�� �}�µ�š���Œ�}�•�•�r�‰�}�o�o�]�v���š�]�}�v��
�•�]�P�v�]�(�]�����v�š�o�Ç�� �]�v���Œ�����•���•�� �}�(�(�•�‰�Œ�]�v�P�� �‰�Œ�}���µ���š�]�}�v�X�� �s���Œ�����•���µ�u��
litigiosum produces offspring in a mixed mating 
�u�����Z���v�]�•�u�� ���������µ�•���� �]�š�� �����v�� �•���o�(�r�‰�}�o�o�]�v���š���� ���Ç�� �‰�Œ�]�}�Œ�� �•���o�(�r
pollination, which guarantees a priori approximately 
�}�v���r�š�Z�]�Œ���� �}�(�� �š�Z���� �}�(�(�•�‰�Œ�]�v�P�U�� �(�}�o�o�}�Á������ ���Ç�� �š�Z���� �}�‰�‰�}�Œ�š�µ�v�]�š�Ç��
�(�}�Œ���š�Z�����}�����µ�Œ�Œ���v�������}�(���}�µ�š���Œ�}�•�•�r�‰�}�o�o�]�v���š�]�}�v���~�>�o�}�Ç���U���í�õ�õ�î�•�X��
Additionally, our results also showed that delayed selfing 
might occur (treatment b had a slightly higher number 
of pollen tubes than treatment a; Figure 2D), although 
it did not significantly increase the reproductive success 
�]�v�����}�u�‰���Œ�]�•�}�v���Á�]�š�Z���‰�Œ�]�}�Œ���•���o�(�r�‰�}�o�o�]�v���š�]�}�v�X�������o���Ç�������•���o�(�]�v�P��
�Z���•�� �������v�� �}���•���Œ�À������ �}�v�� �š�Z���� ���o�}�•���o�Ç���Œ���o���š������ �s�X���š�Z���‰�•�µ�•�� �>�X�U��
�Á�]�š�Z�����u���•���µ�o���š�������(�o�}�Á���Œ�•�����Æ�‰���Œ�]���v���]�v�P�������ñ�ì�9���Œ�����µ���š�]�}�v��
in pollen deposition by the time of flower closure 
�~���}�v�v���o�o�Ç�� ���š�� ���o�X�U�� �í�õ�õ�ô�•�X�� �,�}�Á���À���Œ�U�� �]�v��V. litigiosum, the 
���}�u�]�v���v�š�� �•���o�(�]�v�P�� �u�����Z���v�]�•�u�� �•�����u�•�� �š�}�� ������ �‰�Œ�]�}�Œ�� �•���o�(�r
�‰�}�o�o�]�v���š�]�}�v�X���d�Z�����o�����l���}�(���]�v���Œ�����•�����]�v���š�Z�����v�µ�u�����Œ���}�(���‰�}�o�o���v��
�š�µ�����•�����(�š���Œ�������o���Ç�������•���o�(�r�‰�}�o�o�]�v���š�]�}�v���u�]�P�Z�š���������Œ���o���š�������Á�]�š�Z��
loss of viability of pollen grains, as they start to acquire 
a whitish color at the end of the flower lifespan; still, 
�(�µ�Œ�š�Z���Œ���•�š�µ���]���•�����Œ�����v�������•�•���Œ�Ç���š�}���š���•�š���š�Z�]�•���Z�Ç�‰�}�š�Z���•�]�•�X
�����o���Ç�������•���o�(�r�‰�}�o�o�]�v���š�]�}�v���]�•���š�Z�����u�}�•�š�����}�u�u�}�v���u�����Z���v�]�•�u��
�}�(�� ���µ�š�}�v�}�u�}�µ�•�� �•���o�(�]�v�P�� �~���X�P�X�U�� �D�}�Œ�P���v�� �˜�� �t�]�o�•�}�v�U�� �î�ì�ì�ñ�V��
�D�}�Œ�P���v�� ���š�� ���o�X�U�� �î�ì�ì�ñ�V�� �'�}�}�P�Á�]�o�o�]���� �˜�� �t�������Œ�U�� �î�ì�í�ô�•�U�� �•�]�v������
it does not compromise the occurrence of outcrossing, 
thus promoting genetic diversity while assuring the 
production of offspring when outcrossing fails (Lloyd, 

�í�õ�õ�î�•�X�� �d�Z�µ�•�U�� �]�š�� �Á���•�� �]�v�š���Œ���•�š�]�v�P�� �š�}�� �µ�v���}�À���Œ�� �š�Z���š�� �s�X��
�o�]�š�]�P�]�}�•�µ�u�����Æ�Z�]���]�š�•���‰�Œ�]�}�Œ���•���o�(�r�‰�}�o�o�]�v���š�]�}�v�X���d�Z�]�•���u�����Z���v�]�•�u��
�Z���•���•���À���Œ���o�������À���v�š���P���•�����v�������]�•�����À���v�š���P���•�X���d�Z�����Œ�����µ��������
number of ovules available for outcross pollen (Lloyd, 
�í�õ�õ�î�V�� ���}�v�v���o�o�Ç�� ���š�� ���o�X�U�� �í�õ�õ�ô�•�� ���v���� �š�Z���� �Œ�����µ�������� �P���v���š�]����
���]�À���Œ�•�]�š�Ç�� �~�]�v���Œ�������]�v�P�� �����‰�Œ���•�•�]�}�v�V�� ���Z���Œ�o���•�Á�}�Œ�š�Z�� �˜��
���Z���Œ�o���•�Á�}�Œ�š�Z�U�� �í�õ�ô�ó�•�� ���Œ���� ���u�}�v�P�� �š�Z���� �u���]�v�� ���Œ���Á�������l�•��
�~�^�‰���v�����Œ�U�� �î�ì�ì�ï�•�X�� �/�v�� ���}�v�š�Œ���•�š�U�� �Œ���‰�Œ�}���µ���š�]�À���� ���•�•�µ�Œ���v������
and conservation of well adapted genotypes are of 
great relevance, especially in endemic plant species 
�~�>�o�}�Ç���U�� �í�õ�õ�î�V�� �^�‰���v�����Œ�U�� �î�ì�ì�ï�•�X�� �W�Œ�]�}�Œ�� �•���o�(�]�v�P�� �u���Ç�� ���o�•�}�� ������
advantageous due to its effects in flowering periods; the 
accomplishment of the flower function usually triggers 
flower senescence, resulting in small flower lifespan and 
short flowering periods, therefore, reducing the cost of 
�(�o�}�Á���Œ�� �u���]�v�š���v���v������ �~�<���o�]�•�Ì�� �˜�� �s�}�P�o���Œ�U�� �î�ì�ì�ï�V�� ���•�Z�u���v�� �˜��
�^���Z�}���v�U���í�õ�õ�ð�•�X���d�Z�]�•���u�]�P�Z�š���������‰���Œ�š�]���µ�o���Œ�o�Ç�������À���v�š���P���}�µ�•��
in habitats with low resource availability such as dune 
�•�Ç�•�š���u�•�X�� �/�v�� �š�Z���� �(�]���o���U�� �š�Z���� �Œ���‰�Œ�}���µ���š�]�À���� �•�š�Œ���š���P�Ç�� �}�(��V. 
litigiosum���•�����u�•���š�}���������•�µ�������•�•�(�µ�o�X���K�µ�Œ���(�]���o�����}���•���Œ�À���š�]�}�v�•��
detected that all the flowers produced fruits, although 
with variable numbers of produced seeds, consistent 
�Á�]�š�Z���š�Z�����Œ���•�µ�o�š�•���}���š���]�v�������]�v���š�Z�]�•���•�š�µ���Ç�X

Future studies
The results of this study provide significant insights 
�����}�µ�š���š�Z�����Œ���‰�Œ�}���µ���š�]�À�������]�}�o�}�P�Ç���}�(���s�X���o�]�š�]�P�]�}�•�µ�u�U�����o�š�Z�}�µ�P�Z��
�•���À���Œ���o���Z�Ç�‰�}�š�Z���•���•���Œ���u���]�v���š�}���������š���•�š�����X���&�]�Œ�•�š�U���������]�š�]�}�v���o��
studies are needed to quantify the contribution and 
importance of seeds resulting from selfing for the 
�u���]�v�š���v���v������ �}�(�� �v���š�µ�Œ���o�� �‰�}�‰�µ�o���š�]�}�v�•�X�� �^�����}�v���U�� ���v���o�Ç�•���•��
of the balance between the contribution of selfing 
and outcrossing for population dynamics and genetic 
structure are fundamental, not only because they 
are context dependent, depending on factors such as 
�‰�}�o�o�]�v���š�}�Œ�� �����v�•�]�š�Ç�� ���v���� ���}�r�(�o�}�Á���Œ�]�v�P�� ���}�u�u�µ�v�]�š�]���•�� �~�<���o�]�•�Ì��
���š�� ���o�X�U�� �î�ì�ì�ð�•�U�� ���µ�š�� ���o�•�}�� ���������µ�•���� �š�Z���Ç�� �u�]�P�Z�š�� ���(�(�����š�� �‰�o���v�š��
�(�]�š�v���•�•�� ���v���� �]�v���Œ�����•���� �]�v���Œ�������]�v�P���o���À���o�•�X���&�]�v���o�o�Ç�U�����Æ�‰�o�}�Œ�]�v�P��
flower development such as pollen viability across the 
flower lifespan might help to understand the role of the 
different reproductive mechanisms in this species, such 
���•�������o���Ç�������•���o�(�]�v�P�X��
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TABLES AND FIGURES

Figure 1: Development of the 
flowers of Verbascum litigiosum: 
(A) Day before corolla opening; 
(B) Day of corolla opening, 
morning; (C) Day of corolla 
opening, afternoon; (D) Day 
�š�Á�}�� ���(�š���Œ�� ���}�Œ�}�o�o���� �}�‰���v�]�v�P�X��
Flower development: (1) flower 
bud already with dehiscent 
anthers in the day before corolla 
opening; (2) flower with fully 
opened corolla on the morning 
of day one; (3) flower with the 
corolla starting to close in the 
afternoon of day one; (4) flower 
�Á�]�š�Z���Á�]�o�š���������}�Œ�}�o�o�����}�v�������Ç���š�Á�}�X

Figure 2: Pollen tube development 
in Verbascum litigiosum: (A) 
Anther on the day ofcorolla 
opening; (B) Stigma on the day 
of corolla opening, already with 
pollen from the anthers deposited 
in the stigmatic papillae; (C) 
Pollen tube development on 
the day of corolla opening; 
(D) Mean number of pollen 
�š�µ�����•�� �~�F�� �̂ ���•�� �]�v�� �š�Z���� �•�š�Ç�o���� ���(�š���Œ��
���}�v�š�Œ�}�o�o�������‰�}�o�o�]�v���š�]�}�v�•�X���W�}�o�o�]�v���š�]�}�v��
treatments: (a) emasculated after 
���}�Œ�}�o�o�����}�‰���v�]�v�P���r�������š�����š�]�}�v���}�(���•���o�(�r
pollination before corolla opening; 
�~���•�� �µ�v�u���v�]�‰�µ�o���š������ �r�� �����š�����š�]�}�v��
of selfing (prior and delayed 
�•���o�(�]�v�P�•�V���~���•�����u���•���µ�o���š���������v�����•���o�(�r
pollinated; and (d) emasculated 
���v�������Œ�}�•�•���‰�}�o�o�]�v���š�����X�� �̂ �]�P�v�]�(�]�����š�]�À����
differences between treatments 
���š���W���D���ì�X�ì�ñ�����Œ�����Œ���‰�Œ���•���v�š�������Á�]�š�Z��
different lette(C) Day of anthesis, 
afternoon; (D) Day two after 
���v�š�Z���•�]�•�X�� �&�o�}�Á���Œ�� �����À���o�}�‰�u���v�š�W��
(1) flower bud already with 
dehiscent anthers in the day 
before anthesis; (2) flower with 
fully opened corolla on the 
morning of day one; (3) flower 
with the corolla starting to close 
in the afternoon of day one; (4) 
flower with wilted corolla on day 
�š�Á�}�X
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ABSTRACT 
���}�o�o�����š�]�}�v�•���}�(�����}�š���v�]�����P���Œ�����v�•�����Œ�����µ�v�]�‹�µ�����o�]�À�]�v�P���Œ���•�}�µ�Œ�����•���(�}�Œ���Œ���•�����Œ���Z�U�����}�v�•���Œ�À���š�]�}�v�����v���������µ�����š�]�}�v�X���d�Z���]�Œ���•���]���v�š�]�(�]����
�À���o�µ���� �����‰���v���•�� �Z�����À�]�o�Ç�� �}�v�� ���}�u�‰�Œ���Z���v�•�]�À���� ���}���µ�u���v�š���š�]�}�v�U�� �]�����v�š�]�(�]�����š�]�}�v�� ���v���� ���������•�•�]���]�o�]�š�Ç�X�� �D���v�Ç�� ���}�š���v�]���� �P���Œ�����v�•��
manage their collections through databases, albeit using multiple different software and representing varying degrees 
�}�(�������š�����‹�µ���o�]�š�Ç�X���d�Z�]�•���Z���š���Œ�}�P���v���]�š�Ç���}�(�������š�������•���•���•�š�]�o�o���Z���u�‰���Œ�•�������š�Z�}�Œ�}�µ�P�Z���}�À���Œ�À�]���Á���}�(���o�]�À�]�v�P���‰�o���v�š�����}�o�o�����š�]�}�v�•�X���/�v���}�Œ�����Œ��
�š�}�����(�(�]���]���v�š�o�Ç�����}�}�Œ���]�v���š�������}�o�o�����š�]�}�v���‰�Œ�]�}�Œ�]�š�]���•�����u�}�v�P�•�š�����]�(�(���Œ���v�š���P���Œ�����v�•�U�����v���µ�‰�r�š�}�r�����š�����‰�o���v�š���]�v�À���v�š�}�Œ�Ç���]�•�����Œ�µ���]���o�X
To address this problem, partners from the universities of Berlin (FU), Frankfurt and Heidelberg initiated a project 
�}�v�� �^�W�o���v�š�� ���}�o�o�����š�]�}�v�•�� �]�v�� ���}�š���v�]���� �'���Œ�����v�•�� ���•�� �>�]�À�]�v�P�� �Z���•�}�µ�Œ�����•�� �(�}�Œ�� �/�v�š���P�Œ���š������ ���À�}�o�µ�š�]�}�v���Œ�Ç�� �Z���•�����Œ���Z�_�� �~���À�}�r���}�'���•�X��
It combines evolutionary research with the harmonisation and interconnection of databases from eight German 
���}�š���v�]�����P���Œ�����v�•�U���(�}���µ�•�]�v�P���}�v���š�Z���]�Œ���•�‰�����]���o�����}�o�o�����š�]�}�v�•���}�(�����Œ�}�u���o�]�����•�����v�������‰�]�‰�Z�Ç�š�]�����������š�]�X�����}�š�Z���‰�o���v�š���P�Œ�}�µ�‰�•�����Œ�����Á���o�o�r
represented in botanic gardens, attractive to the general public and ideal models for studying the evolution of 
���]�}���]�À���Œ�•�]�š�Ç�X�����•���‰���Œ�š���}�(���š�Z�����Œ���•�����Œ���Z���‰�����l���P���•�U�����������•�•�]�}�v�•�����Œ�������Z�����l�������(�}�Œ���š�Z���]�Œ���]�����v�š�]�š�Ç�U���o�]�v�l�������š�}���Z���Œ�����Œ�]�µ�u���À�}�µ���Z���Œ�•��
���v�������E�����•���u�‰�o���•�U�����v���U���š�Z�µ�•�U���u�����������������•�•�]���o�����(�}�Œ���Œ���•�����Œ���Z���]�v�������•�µ�•�š���]�v�����o�����Á���Ç�X�����•�����v���������]�š�]�}�v���o�����‰�‰�Œ�}�����Z���š�}���]�u�‰�Œ�}�À����
�µ�•�����]�o�]�š�Ç�U�����������Œ���}���]�v�P�������•�������]�����v�š�]�(�]�����š�]�}�v���š�}�}�o���]�•���]�u�‰�o���u���v�š�����X
The project further aims at developing an online portal that combines all relevant information from the databases of 
�š�Z�������}�š���v�]�����P���Œ�����v�•���]�v�À�}�o�À�����X���d�Z�����‰�}�Œ�š���o���]�•�������•�������}�v���š�Z�������]�}�����^�����W�Œ�}�À�]�����Œ���^�}�(�š�Á���Œ�����•���Œ�À�]�����•�U���Á�Z�]���Z�����o�o�}�Á���(�}�Œ���Z���Œ�À���•�š�]�v�P��
�]�v���]�À�]���µ���o�����}�o�o�����š�]�}�v�������š�������•���•���}�(�����]�(�(���Œ���v�š���š�Ç�‰���•���(�}�o�o�}�Á�]�v�P�������•�š���v�����Œ���]�•�����������š�������������•�•���‰�Œ�}�š�}���}�o�����v�������v�����o�]�v�P�������^�o�]�À���_��
���}�v�v�����š�]�}�v�� �š�}�� �š�Z���� �}�Œ�]�P�]�v���o�� �����š���� �‰�Œ�}�À�]�����Œ�•�X�� �d�Z���� �‰�}�Œ�š���o�� �Á�]�o�o�� ������ ���������•�•�]���o���� �š�}�� ���]�(�(���Œ���v�š�� �µ�•���Œ�� �P�Œ�}�µ�‰�•�� �•�µ���Z�� ���•�� �v���š�Á�}�Œ�l��
�u���u�����Œ�•�U�� ���Æ�š���Œ�v���o�� �Œ���•�����Œ���Z���Œ�•�� �}�Œ�� �]�v�š���Œ���•�š������ �P���Œ�����v�� �À�]�•�]�š�}�Œ�•�� �Á�]�š�Z�� �•�‰�����]�(�]������ �����š���� �À�]���Á�•�� �]�v�� ���]�(�(���Œ���v�š�� �����š���]�o�X�� �W�}�•�•�]���o����
benefits of the portal for the collection holders include feedback on data quality and the reconciliation of scientific 
names, notifications on new determinations of the same accession in other collections, statistical evaluations and 
�š�Z���� ���}�u�‰���Œ�]�•�}�v�� �Á�]�š�Z���}�š�Z���Œ�����}�o�o�����š�]�}�v�•�X���d�Z�µ�•�U���š�Z���� �‰�}�Œ�š���o���Á�]�o�o���Z���o�‰���]�v���]�À�]���µ���o�����}�š���v�]���� �P���Œ�����v�•�� �š�}�� ���À���o�µ���š���� �š�Z���]�Œ���}�Á�v��
collections in comparison with others, to improve their collections and the associated data, and, ultimately, to develop 
�������}�o�o�����š�]�}�v���•�š�Œ���š���P�Ç���]�v�����}�}�Œ���]�v���š�]�}�v���Á�]�š�Z���}�š�Z���Œ�����}�š���v�]�����P���Œ�����v�•�X�����o�š�}�P���š�Z���Œ�U���š�Z�����‰�}�Œ�š���o�����v�����š�Z�������Æ���u�‰�o�]�(�]�������Œ���•�����Œ���Z��
may promote the use of living collections for research within the project network and beyond, and strengthen the 
�]�u�‰�}�Œ�š���v�������}�(�����}�š���v�]�����P���Œ�����v�•���]�v���u���]�v�š���]�v�]�v�P���š�Z���•�������}�o�o�����š�]�}�v�•���]�v���š�Z�����‰�µ���o�]�������Ç���X
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���r�,�]�š���,���Œ�À���•�š���Œ���^�}�(�š�Á���Œ���U�����]�}�����•�����W�Œ�}�À�]�����Œ���^�}�(�š�Á���Œ���U�����}�o�o�����š�]�}�v�������š�������•���U���>�]�À�]�v�P�����}�o�o�����š�]�}�v���E���š�Á�}�Œ�l�U���W�o���v�š�����������•�•�]�}�v�•�U��
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INTRODUCTION
	 The role of living collections of botanic gardens. 
The global plant biodiversity is declining due to 
�Z�����]�š���š�� �����•�š�Œ�µ���š�]�}�v�U�� ���o�]�u���š���� ���Z���v�P���U�� ���v���� �o���v���r�µ�•����
�š�Œ���v�•�(�}�Œ�u���š�]�}�v�X���d�Z�����Á�}�Œ�o���[�•�����]�}�u���•�����Œ�����µ�v�����Œ���]�u�u���v�•����

pressure from the Human population and undisturbed 
habitats are becoming increasingly scarce leading to an 
�}�v�r�P�}�]�v�P�� ���]�}���]�À���Œ�•�]�š�Ç�� �o�}�•�•�� �~�D�µ�Œ�‰�Z�Ç�� �˜�� �Z�}�u���v�µ�l�� �î�ì�í�ð�•�X��
Ex-situ�� ���}�o�o�����š�]�}�v�•�� �•�µ�•�š���]�v�� ���� �Á�}�Œ�o���r�Á�]������ �]�u�‰�}�Œ�š���v�š��
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resource to conserve and study global biodiversity and 
to provide access to species from vanished ecosystems 
�}�Œ�� �Œ���u�}�š���� ���v���� �]�v���������•�•�]���o���� ���Œ�����•�X�� ���}�š���v�]���� �P���Œ�����v�•��
are such places, which cultivate more than 100,000 
���]�(�(���Œ���v�š�� �‰�o���v�š�� �•�‰�����]���•���r�� �Œ���‰�Œ���•���v�š�]�v�P�� �µ�‰�� �š�}�� �ï�ì�9�� �}�(�� �š�Z����
�P�o�}�����o�� �‰�o���v�š�� ���]�À���Œ�•�]�š�Ç�� �~�D�}�µ�v������ ���š�� ���o�X�� �î�ì�í�ó�•�X�� ���o�}�v���� �]�v��
the living collections of German botanic gardens we 
find more than 50,000 different species presenting a 
unique living resource for research, conservation and 
�����µ�����š�]�}�v���~�&�]�P�µ�Œ�����í�•�X���/�v���}�Œ�����Œ���š�}���(�µ�o�(�]�o���š�Z���]�Œ���(�µ�o�o���‰�}�š���v�š�]���o�U��
especially for scientific purposes, botanic gardens need 
to enhance accessibility to their collections and provide 
�������}�u�‰�Œ���Z���v�•�]�À�������}���µ�u���v�š���š�]�}�v�X

	 Heterogeneous documentation of living collections.
The catalogues of living collections are nowadays mostly 
�•�š�}�Œ������ �]�v�� ���o�����š�Œ�}�v�]���� �����š�������•���•�X�� �,�}�Á���À���Œ�U�� �u�µ�o�š�]�‰�o����
different data management systems and varying 
degrees of data completeness and quality lead to a 
�À���Œ�Ç�� �Z���š���Œ�}�P���v���}�µ�•�� ���}���µ�u���v�š���š�]�}�v�� �o���v���•�����‰���X�� �����•������
on data from 53 botanic gardens, a survey carried out 
among members of the Association of Botanic Gardens 
�]�v���'���Œ�u���v�r�•�‰�����l�]�v�P�����}�µ�v�š�Œ�]���•�������‰�]���š�������š�Z�]�•���o���Œ�P�����À���Œ�]���š�Ç��
�}�(���µ�•�������•�}�(�š�Á���Œ�����•�}�o�µ�š�]�}�v�•�����o�����Œ�o�Ç���~�&�]�P�µ�Œ�����î�•�X��
Most of these solutions intended to account for the 
very specific nature of information linked to living 
���������•�•�]�}�v�•�X�� �����‰���v���]�v�P�� �}�v�� �š�Z���� �]�v���]�À�]���µ���o�� ���}�š���v�]����
garden’s documentation practices, the digital record 
of an accession might hold information on provenance 
and gathering details, cultivation and propagation 
history, determinations or other curatorial comments 
and observations as well as associated scientific data 
(obtained from plants of this accession such as sequence 
�}�Œ���u�}�Œ�‰�Z�}�o�}�P�]�����o�������š���•�X��
This structural heterogeneity hampers obtaining an 
instant overview of both the diversity and representation 
of plant species in living collections and the respective 
�����š���� �‹�µ���o�]�š�Ç�X�� ���š�� �š�Z���� �•���u���� �š�]�u���U�� ���}�š���v�]���� �P���Œ�����v�•�� ���Œ����
facing limited financial resources and, thus, are urged 
���Ç�� �š�Z���� �‰�µ���o�]���� �•�����š�}�Œ�� �š�}�� �Œ�����µ������ ���µ�‰�o�]�����š�]�}�v�•�X�� �d�Z���Œ���� �]�•��
a need to set collection priorities between different 
gardens based on reliable data and guided by an efficient 
���v���� �]�v�����‰���v�����v�š�� ���}�}�Œ���]�v���š�]�}�v�X�� �&�µ�Œ�š�Z���Œ�u�}�Œ���U�� �š�Z���� �Z�]�P�Z��

value and the largely still untapped potential of living 
collections for research might be promoted best by an 
�����•�]���Œ�����������•�•�]���]�o�]�š�Ç���š�}���•���]���v�š�]�•�š�•�X��

	 Unlocking the vaults of living collections: Network 
solutions. 
Researchers in need of plant material for their studies 
were commonly required to make an informed guess 
which living collection could supply relevant specimens 
or just directly sent out material requests to the largest 
���v�����u�}�•�š���Á���o�o�r�l�v�}�Á�v�����}�š���v�]�����P���Œ�����v�����}�o�o�����š�]�}�v�•�X��
However, in recent years online databases became 
���À���]�o�����o�����š�Z���š���]�v���Œ�����•�������š�Z�������������•�•�]���]�o�]�š�Ç�X���d�Z�����h�v�]�À���Œ�•�]�š�Ç���}�(��
Ulm (Germany) developed the (online) data management 
�•�Ç�•�š���u�� �^�^�Ç�•�d���Æ�_�� �(�}�Œ�� ���]�}���]�À���Œ�•�]�š�Ç�� �����š���� �~�Á�Á�Á�X�•�Ç�•�š���Æ�X�}�Œ�P�•�X��
�/�v���^�Ç�•�š���Æ�U�����������•�•�]�}�v�r�����•�������]�v�(�}�Œ�u���š�]�}�v���]�•�����Œ�}�Á�•�������o�����(�}�Œ��
those 14 gardens using this management tool, which 
allows an immediate identification of the most promising 
���}�o�o�����š�]�}�v���Z�}�o�����Œ�X�������u�µ���Z���Á�]�����Œ�������š�����•�}�µ�Œ�������}�(���}�À���Œ���í�ì�ì�ì��
�]�v�•�š�]�š�µ�š�]�}�v�•�� �Z���•�� �������v�� �P���š�Z���Œ������ �]�v�� �š�Z���� �^�W�o���v�š�^�����Œ���Z�_��
database by Botanic Gardens Conservation International 
�~�Á�Á�Á�X���P���]�X�}�Œ�P�•�X�� �d���Æ�}�v�� �����•������ �u���š���Œ�]���o�� �Œ���‹�µ���•�š�•�� �����v�� ������
sent out to a number of anonymised collection holders 
�]�v�•�š���v�š���v���}�µ�•�o�Ç�X�� �,�}�Á���À���Œ�U�� �š�Z�]�•�� �����š�������•���� �����‰���v���•��
on active updates by every single botanic garden, 
�Z���v�����U�� �u�]�P�Z�š�� �Œ���‰�Œ���•���v�š�� ���v�� �}�µ�š�����š������ �]�v�À���v�š�}�Œ�Ç�� �o�]�•�š�X�� �&�}�Œ��
occurrence data, the Global Biodiversity Information 
�&�����]�o�]�š�Ç�� �~�Á�Á�Á�X�P���]�(�X�}�Œ�P�•�� �Z���•�� �����Z�]���À������ ���� �‰���Œ�u���v���v�š�o�Ç��
updated online database, which holds more than 1 
billion observation and specimen records from a large 
number of natural history collections and citizen science 
platforms, independent of their data management 
�•�Ç�•�š���u�X

	 Aim of this project. 
An online, complete, and permanently updated plant 
�]�v�À���v�š�}�Œ�Ç���}�(���o�]�À�]�v�P�����}�o�o�����š�]�}�v�•���]�v�����}�š���v�]�����P���Œ�����v�•���]�•�����µ���X��
Here, we will outline the combination of various tools, 
developed at the Botanic Garden and Botanical Museum 
Berlin, which we used to set up into a data portal 
�‰�Œ���•���v�š�]�v�P�� ���������•�•�]�}�v�r�����•������ �]�v�(�}�Œ�u���š�]�}�v�� �(�Œ�}�u�� �o�]�À�]�v�P��
���}�o�o�����š�]�}�v�•�����•�������‰�]�o�}�š���‰�Œ�}�i�����š�X��

MATERIAL AND METHODS
	 An initiative of German botanic gardens.
Partners from the Botanic Garden and Botanical Museum 
Berlin (Freie Universität Berlin), the Senckenberg 
Nature Museum Frankfurt and the Botanic Garden and 
Herbarium of Heidelberg University initiated the project 

�^���}�o�o�����š�]�}�v�•���}�(�����}�š���v�]�����'���Œ�����v�•�W���>�]�À�]�v�P���Z���•�}�µ�Œ�����•���(�}�Œ�����v��
�]�v�š���P�Œ���š�]�À�������À�}�o�µ�š�]�}�v���Œ�Ç���Z���•�����Œ���Z�_���~���À�}�r���}�'���•�X���d�Z�����u���]�v��
goal is enabling the interconnection of botanic garden’s 
databases to promote the collections as resource for 
�Œ���•�����Œ���Z�X��
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During the pilot phase, we aim at connecting the 
databases for Bromeliaceae and Cactaceae from eight 
�'���Œ�u���v�����}�š���v�]�����P���Œ�����v�•���]�v�š�}�����v���}�v�o�]�v���������š�����‰�}�Œ�š���o�X���d�Z���•����
�‰�o���v�š�� �(���u�]�o�]���•�� ���Œ���� �Á���o�o�r�Œ���‰�Œ���•���v�š������ �]�v�� �o�]�À�]�v�P�� ���}�o�o�����š�]�}�v�•�U��
highly attractive to the general public and ideal models 
for studying the origin of biodiversity on evolutionary 
�š�]�u�����•�����o���X��
Two research projects will exemplify the use of collections 
and improve usability by defining new molecular markers 
that will aid species identification of, for instance, sterile 
�‰�o���v�š�•�U�����v�����‰�Œ�}�À�]�������]�v�r�����‰�š�Z���Œ���•�}�o�µ�š�]�}�v���(�}�Œ�����Æ���u�]�v���š�]�}�v��
�}�(�� �Z�Ç���Œ�]���]�•���š�]�}�v�� ���v���� �µ�v�����Œ�š���]�v�� �•�‰�����]���•�� ���}�µ�v�����Œ�]���•�X�� ���v��
online tool for identification based on selected markers 
�~�����Œ���}���]�v�P�•�� �Á�]�o�o�� ������ �����À���o�}�‰�����X�� �d�Z���Œ�����Ç�U�� ���������•�•�]�}�v�•�� �Á�]�o�o��
be validated for their identification and linked to obtained 
�Z���Œ�����Œ�]�µ�u���À�}�µ���Z���Œ�•�����v�������E�����•���‹�µ���v�������Œ���‰�}�•�]�š�}�Œ�]���•�X���d�Z����
complete envisioned online documentation from the 
���������•�•�]�}�v�� ���•�� �•�}�µ�Œ������ �u���š���Œ�]���o�� ���v���� �o�}�v�P�r�š���Œ�u�� �Œ���(���Œ���v��������
herbarium vouchers to scientific results will facilitate 
sustainable and reproducible research and will promote 
�}�‰���v�����������•�•���•���]���v�����X��

	 The infrastructure for primary biodiversity data access. 
All relevant information from local databases will be 
combined through the BioCASe (Biological Collections 
���������•�•���^���Œ�À�]�����U���,�}�o���š�•���Z���l�����š�����o�X���î�ì�ì�õ�•���W�Œ�}�À�]�����Œ���^�}�(�š�Á���Œ����
���v�����š�Z�����]�v�����Æ�]�v�P���š�}�}�o�����r�,�/�d���~�����Œ�o�]�v���,���Œ�À���•�š�]�v�P�����v�����/�v�����Æ�]�v�P��
�d�}�}�o�l�]�š�U�� �<���o�����Œ�š�� ���š�� ���o�X�� �î�ì�í�ñ�•�U�� �Á�Z�]���Z�� �u���‰�� �š�Z���� ���}�v�š���v�š�� �}�(��
individual databases into the Biodiversity Information 
Standards (TDWG) data standard ABCD (Access to Biological 
���}�o�o�����š�]�}�v�� �����š���U�� �,�}�o���š�•���Z���l�� ���š�� ���o�X�� �î�ì�í�î�•�X�� �d�Z���� �Z���Œ�À���•�š���Œ��
queries BioCASe to store the standardized data in an index 
�����š�������•�����~�&�]�P�µ�Œ�����ï�•�X���d�Z�Œ�}�µ�P�Z���š�Z�]�•���]�v�(�Œ���•�š�Œ�µ���š�µ�Œ���U���š�Z�����]�v�����Æ��
database can be updated on demand without input from 
�š�Z���� �‰�Œ�}�À�]�����Œ�•�X�� �,�}�Á���À���Œ�U�� �‰�Œ�}�À�]�����Œ�•�� �Œ���š���]�v�� ���}�u�‰�o���š���� �����š����
ownership over the amount of shared data through their 
�o�}�����o���]�v�•�š���o�o���š�]�}�v���}�(�����]�}�����^���X��
The taxonomic backbone for Cactaceae will be assembled 
from the accepted classification and species list of the 
�����/�d�� �‰�o���š�(�}�Œ�u�� �(�}�Œ�� ���Ç�����Œ�š���Æ�}�v�}�u�Ç�� �~�����Œ�Ç�}�‰�Z�Ç�o�o���o���•�X�}�Œ�P�•�U��

�µ�•�]�v�P�� �š�Z���� �����/�d�� �Á������ �•���Œ�À�]�����•�� �~�'�º�v�š�•���Z�� ���š�� ���o�X�� �î�ì�í�ó�•�X�� �&�}�Œ��
Bromeliaceae the taxon list has been provided by Butcher 
���v���� �'�}�µ������ �~�Z�š�š�‰�W�l�l���Œ�}�u���o�]�����X�v�o�l�š���Æ�}�v�>�]�•�š�l�•�� ���v���� �Á�]�o�o��
���o�•�}�� ������ �]�u�‰�}�Œ�š������ �š�}�� �š�Z���� �����/�d�� �‰�o���š�(�}�Œ�u�X�� �d�Z���� �µ�‰�r�š�}�r�����š����
taxonomic backbone allows the verification of species 
names used in local databases and to provide feedback 
�}�v���}�µ�š�����š�������š���Æ�}�v�}�u�Ç���}�Œ���}�Œ�š�Z�}�P�Œ���‰�Z�]�������Œ�Œ�}�Œ�•�X��

	 An online data portal of living collections.
�d�Z���������š�����‰�}�Œ�š���o�����•���Á���o�o�����•���š�Z�������r�,�/�d���Z���Œ�À���•�š���Œ���]�•�������•�������}�v��
�}�‰���v�r�•�}�µ�Œ������ �•�}�(�š�Á���Œ���� �����À���o�}�‰������ �(�}�Œ�� �š�Z���� �'�o�}�����o�� �'���v�}�u����
���]�}���]�À���Œ�•�]�š�Ç�� �E���š�Á�}�Œ�l�� �~�'�'���E�U�� ���Œ�}���P���� ���š�� ���o�X�� �î�ì�í�ð�U�� �<���o�����Œ�š��
���š�����o�X���î�ì�í�ñ�•�����v�����}�š�Z���Œ���‰�Œ�}�i�����š�•�����š���š�Z�������}�š���v�]�����'���Œ�����v�����v����
���}�š���v�]�����o�� �D�µ�•���µ�u�� �����Œ�o�]�v�X�� �/�š�� �����v�� ������ ���µ�•�š�}�u�]�•������ �������}�Œ���]�v�P��
to requirements of living collections and attached metadata 
�~�•�µ���Z�����•���‰�]���š�µ�Œ���•�U���Z���Œ�����Œ�]�µ�u���À�}�µ���Z���Œ�•�U���š�]�•�•�µ�����•���u�‰�o���•�U�����š���X�•�X
The interface is mostly intended for users in botanic 
�P���Œ�����v�•�� ���v���� ���Æ�š���Œ�v���o�� �Œ���•�����Œ���Z���Œ�•�X�� �D�}�•�š�� ���µ�Œ���š�}�Œ�•�� �Á�]�o�o��
use the data portal for the purposes of determining 
collection strategies, for data curation, and, for example, 
the exchange of plant material or the reduction of 
�Œ�����µ�v�����v���Ç�X���d�Z���Œ���(�}�Œ���U�������u�}�•�š�����}�u�‰�o���š�����]�v�•�]�P�Z�š���]�v�š�}���š�Z����
collection, curation and cultivation data of accessions 
�(�Œ�}�u�����]�(�(���Œ���v�š���P���Œ�����v�•���]�•���Œ���o���À���v�š�X�����Æ�š���Œ�v���o���Œ���•�����Œ���Z���Œ�•�U��
�}�v�� �š�Z���� �}�š�Z���Œ�� �•�]�����U�� �u�]�P�Z�š�� ������ �}�v�� �š�Z���� �o�}�}�l�r�}�µ�š�� �(�}�Œ���Z�t�Z���š��
�P�Œ�}�Á�•���Á�Z���Œ���M�[ with increased interest in accessions with 
�Á���o�o�r���}���µ�u���v�š�������}�Œ�]�P�]�v�����v�����u���š���Œ�]���o���(�Œ�}�u���Á�]�o�����•�}�µ�Œ�����•�X��
To meet these different needs and to deal with potentially 
sensitive information, the access to the data portal will 
be managed through a login and registration system with 
different user groups:
	 ���X���d�Z�������}�u�‰�o���š�����]�v�(�}�Œ�u���š�]�}�v���]�•���(�Œ�����o�Ç���•�Z���Œ���������u�}�v�P��
�š�Z���������š�����‰�Œ�}�À�]�����Œ�•���Á�]�š�Z�]�v���š�Z�����v���š�Á�}�Œ�l���}�(�����}�š���v�]�����P���Œ�����v�•�X��
	 ���X�� ���Æ�š���Œ�v���o�� �µ�•���Œ�•�U���•�µ���Z�� ���•�� �Œ���•�����Œ���Z���Œ�•�U���Á�]�o�o�� �•������ �u�}�•�š��
of the relevant collection data, origin of accessions, and 
���•�•�}���]���š�������u���š�������š�������(�š���Œ���o�}�P�]�v�X
	 ���X�� �d�Z���� �P���v���Œ���o�� �‰�µ���o�]���� �•�µ���Z�� ���•�� �•�š���l���Z�}�o�����Œ�•�� �}�Œ��
�]�v�š���Œ���•�š�������P���Œ�����v���À�]�•�]�š�}�Œ�•�����š���X���Á�]�o�o���������‰�Œ���•���v�š�������š�Z�����š���Æ�}�v��
list of species and the number of botanic gardens where 
�š�Z���•�����•�‰�����]���•�����Œ�������µ�o�š�]�À���š�������~�Á�]�š�Z�}�µ�š���Œ���‹�µ�]�Œ�������o�}�P�]�v�•�X

RESULTS & DISCUSSION
	 Development of standard entries for the data portal.
The heterogeneous data landscape leads to very 
individual data entries, whereby the output should 
���‰�‰�����Œ�� �•�š���v�����Œ���]�•������ ���v���� ���o�o�}�Á�� �‹�µ�]���l�� ���}�u�‰���Œ�]�•�}�v�•�X��
Hence, the representation of the data and the definition 
of which information should be presented to which user 

group requires the participation of each botanic garden 
�i�}�]�v�]�v�P���š�Z�����v���š�Á�}�Œ�l�X
�d�Z���� �(�]�v���o�� �}�µ�š�‰�µ�š�� �}�(�� �š�Z���� �����š���� �‰�}�Œ�š���o�� �~���X�P�X�� �&�]�P�µ�Œ���� �ð�•�� �]�•�� ����
network effort that requires regular opinion exchange 
���v�����š�Œ���v�•�‰���Œ���v�š���������]�•�]�}�v���u���l�]�v�P�X
�d�Z���������š�����‰�}�Œ�š���o���]�•�����������•�•�]���o�����(�Œ�}�u���(���o�o���î�ì�í�õ�X
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 CONCLUSION
	 Benefits for collection holders.
The efforts for a botanic garden to be hooked up to the 
data portal are low profile and the interconnection of 
living collections will provide several immediate benefits 
to the collection holder:
*After harvesting a local database, a data cleaning step is 
applied that will feedback erroneous data records to the 
�����š�����‰�Œ�}�À�]�����Œ�X��
*The match with the taxonomic backbone will allow a 
quick overview of hierarchical taxon representation in a 
collection and notifications of orthographic or taxonomic 
�‰�Œ�}���o���u�•���Á�]�š�Z���•�‰�����]���•���v���u���•�X
�Ž�d�}�}�o�•���•�µ���Z�����•�����v�v�}�^�Ç�•�����v�����o�������}�u�u���v�š���Œ�]���•���}�v���(�X�]�X���v���Á��
�����š���Œ�u�]�v���š�]�}�v�•���}�Œ�����}�u�u���v�š�•�����Ç�����Æ�š���Œ�v���o���Œ���•�����Œ���Z���Œ�•�X
*A comparison of accessions maintained in multiple 
botanic gardens will allow for a more efficient update 
���v�������}�u�‰�o���š�]�}�v���}�(�������š�����]�š���u�•�X���&�µ�Œ�š�Z���Œ�u�}�Œ���U���š�Z�]�•���Á�]�o�o��������
�����Z�]���À�������š�Z�Œ�}�µ�P�Z���•�š���š�]�•�š�]�����o�����À���o�µ���š�]�}�v�•�X
*The accession data will be connected to herbarium 
�À�}�µ���Z���Œ�•�U�����E�����•���u�‰�o���•�����v�����•�‰�����]�u���v���‰�Z�}�š�}�P�Œ���‰�Z�•�X
�Ž�^�]�u�‰�o�]�(�]���������v���������•�Ç�r�š�}�r�µ�•�����^�‰�Z�Ç�o�}�P���v���š�]�����]�����v�š�]�(�]�����š�]�}�v��
�š�}�}�o�•�_���À�]�������E���������Œ���}�����•���Á�]�o�o���������]�u�‰�o���u���v�š�����X

	 Benefits for the community access.
For the sustainability of this data portal, the challenge 
will be to raise interest in joining the data portal for 
additional botanic gardens and to open up their living 
collections to a wider public and new user groups such 
���•���Œ���•�����Œ���Z���Œ�•�X��
The botanic garden community will profit from a joint 
data portal through:
�Ž�d�Z���� ���}�o�o�����š�]�}�v�•�� �}�(�� ���À���v�� �•�u���o�o�� ���v���� �]�v�š���Œ�u�����]���š���r�•�]�Ì������
gardens will receive enhanced visibility and increase 
�š�Z���]�Œ���]�u�‰�}�Œ�š���v�������(�}�Œ���Œ���•�����Œ���Z�X��
*Evaluation of collections in regards to species diversity, 
�Œ�����µ�v�����v���Ç�U�� ���}�v�š�Œ���•�š�]�v�P�� �‰�Œ�]�}�Œ�]�š�]���•�U�� ���š���X�U�� �Á�]�o�o�� �������}�u����
�‰�}�•�•�]���o���X��
*Collection strategies can be improved by setting 
priorities for important or rare collections and 
�u���]�v�š���]�v�]�v�P�����µ�‰�o�]�����š���•�����o�•���Á�Z���Œ���X
�Ž�d�Z�������Æ���Z���v�P�����}�(���‰�o���v�š���u���š���Œ�]���o���~���X�P�X���À�]�����š�Z�����/�v�š���Œ�v���š�]�}�v���o��
Plant Exchange Network, IPEN) can be reinforced in its 
workflows through, for instance, correcting duplicated 
�/�W���E���v�µ�u�����Œ�•�X
*Lastly, the advent of obtaining a complete plant 
inventory of living collections in botanic gardens can be 
�µ�•�������(�}�Œ�����}�}�Œ���]�v���š���������}�o�o�����š�]�}�v���•�š�Œ���š���P�]���•�X
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TABLES AND FIGURES

Figure 1: Parts of the cactus 
collection at the Botanic 
�'���Œ�����v�������Œ�o�]�v���~�ž���E�X���<�‚�•�š���Œ�•�X

Figure 2: Results of a survey 
on database software used by 
�ñ�ï�����}�š���v�]�����P���Œ�����v�•���]�v���'���Œ�u���v�r
�•�‰�����l�]�v�P�� ���}�µ�v�š�Œ�]���•�� �~�E�X�� �<�‚�•�š���Œ��
�î�ì�í�ò�U���µ�v�‰�µ���o�]�•�Z�����������š���•�X
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Figure 3: Overview of the 
�Z���Œ�À���•�š���Œ�� �˜�� �����š���� ���o�����v�]�v�P��
infrastructure leading to the 
�����š�����‰�}�Œ�š���o���}�(���o�]�À�]�v�P�����}�o�o�����š�]�}�v�•�X

Figure 4: First glance at the 
���������•�•�]�}�v�r�����•�����������š�����‰�}�Œ�š���o�X



43



THEME B
BOTANIC GARDENS AND GLOBAL CHANGE
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SOCIETAL IMPACT STATEMENT
Botanic gardens have a responsibility to lead, encourage, and contribute to research into climate change, particularly 
�Œ���o���š�]�v�P�� �š�}�� �‰�o���v�š�•�� ���v���� �š�Z���]�Œ�� �Z�����]�š���š�•�X�� �t���� �u�µ�•�š�� �����µ�����š���U�� �]�v�� �š�Z���� ���Œ�}�������•�š�� �•���v�•���� �}�(�� �š�Z���š�� �Á�}�Œ���U�� ���v���� �•���(���P�µ���Œ���� �‰�o���v�š�•��
through seedbanking and other ex situ�� ���}�o�o�����š�]�}�v�•�U�� ���v���� ���}�v�š�Œ�]���µ�š���� �š�}�� �Œ���•�š�}�Œ���š�]�}�v�X�� �'�}�}���� �‰�o���v�v�]�v�P�� �]�•�� ���•�•���v�š�]���o�� �š�}��
�‰�Œ���‰���Œ�����(�}�Œ���š�Z�����•�µ�������•�•�]�}�v���}�(���}�µ�Œ���o�]�À�]�v�P���o���v���•�����‰���•�X���t���������v�����v�P���P�����}�v���u���v�Ç���o���À���o�•�U�����µ�š���u�}�•�š���]�u�‰�}�Œ�š���v�š�o�Ç���Á�]�š�Z���‰�}�o�]���Ç�U��
�‰�}�o�]�š�]���]���v�•�U�����v�����‰�µ���o�]�����}�‰�]�v�]�}�v�X���W���Œ�š�v���Œ�•�Z�]�‰�•�����Œ�������•�•���v�š�]���o�����v�����Á�����•�Z�}�µ�o�������}�o�o�����}�Œ���š�����Á�]�š�Z�]�v���Œ���P�]�}�v���o���v���š�Á�}�Œ�l�•�X���&�]�v���o�o�Ç�U��
�Á�����u�µ�•�š���•�Z�}�Á���š���v�����]�š�Ç�X���/�v���•�Z�}�Œ�š�U���Z‐��‐�‐̂�W‐��‐��‐�d�U���Œ���•�‰�����š�X

SUMMARY
���o�]�u���š�������Z���v�P�����]�•���}�µ�Œ���^���]�P�P���•�š�����Z���o�o���v�P���U�_���^�u�}�•�š���‰�Œ���•�•�]�v�P���]�•�•�µ���_���}�Œ���•�]�u�‰�o�Ç�U�����v�����•�š���Œ�l�o�Ç�U���^�������Œ�]�•�]�•�X�_�����•�����Æ�‰�Œ���•�•�������]�v���d�Z����
�y�]�•�Z�µ���v�P�����v�v�����������o���Œ���š�]�}�v���}�v�����}�š���v�]�����o���'���Œ�����v�•�����v�������o�]�u���š�������Z���v�P���U���š�Z���Œ�����]�•���u�µ���Z���Á���������v�����}�����•�����}�š���v�]�����P���Œ�����v�•��
�š�}���Z���o�‰���š�Z�����Á�}�Œ�o�����u�]�š�]�P���š�������v�����������‰�š���š�}���P�o�}�����o���Á���Œ�u�]�v�P�X���t�����Z���À���������Œ���•�‰�}�v�•�]���]�o�]�š�Ç���š�}���o�������U�����v���}�µ�Œ���P���U�����v�������}�v�š�Œ�]���µ�š����
to research into the causes, consequences, and controls of climate change, particularly relating to plants and their 
�Z�����]�š���š�•�X�� �K�µ�Œ�� ���}�Œ���� �(�µ�v���š�]�}�v�U�� �/�� �š�Z�]�v�l�U�� �]�•�� �š�}�� �����µ�����š���U�� �]�v�� �š�Z���� ���Œ�}�������•�š�� �•���v�•���� �}�(�� �š�Z���š�� �Á�}�Œ���X�� �t���� �u�µ�•�š�� �•���(���P�µ���Œ���� �‰�o���v�š�•��
through seed banking and other ex situ�����}�o�o�����š�]�}�v�•�U�����v�������}�v�š�Œ�]���µ�š�����š�}���Œ���•�š�}�Œ���š�]�}�v�X���'�}�}�����‰�o���v�v�]�v�P���]�•�����•�•���v�š�]���o�����v�����Á����
�v���������š�}���‰�Œ���‰���Œ�����(�}�Œ���š�Z�����•�µ�������•�•�]�}�v���}�(���}�µ�Œ���o�]�À�]�v�P���o���v���•�����‰���•�X���t���������v�����v�P���P�����}�v���u���v�Ç���o���À���o�•�U�����µ�š���u�}�•�š���]�u�‰�}�Œ�š���v�š�o�Ç��
�‰���Œ�Z���‰�•���Á�]�š�Z���‰�}�o�]���Ç�U���‰�}�o�]�š�]���]���v�•�����v�����‰�µ���o�]�����}�‰�]�v�]�}�v�X���W���Œ�š�v���Œ�•�Z�]�‰�•�����Œ�������•�•���v�š�]���o�����v�����/���Á�}�µ�o�������v���}�µ�Œ���P�������}�š���v�]�����P���Œ�����v�•��
to participate actively in peak bodies such as the International Association of Botanic Gardens and Botanic Gardens 
���}�v�•���Œ�À���š�]�}�v���/�v�š���Œ�v���š�]�}�v���o�U�����v�����š�}�����}�o�o�����}�Œ���š�����Á�]�š�Z�]�v���Œ���P�]�}�v���o���v���š�Á�}�Œ�l�•�X���&�]�v���o�o�Ç�U���•�Z�}�Á���š���v�����]�š�Ç�v�Z�}�o�����(�]�Œ�u�����v�����š�Œ�µ�����š�}��
�}�µ�Œ���‰�µ�Œ�‰�}�•���U���š�}���•���(���P�µ���Œ�����‰�o���v�š�•�����v�����š�}�������Œ�����(�}�Œ���‰���}�‰�o�������v�����}�µ�Œ���‰�o���v���š�X���/�v���•�Z�}�Œ�š�U���Z‐��‐�‐̂�W‐��‐��‐�d�U���Œ���•�‰�����š�X
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INTRODUC TION
All I’m askin’ is for a little respect
�K�X���Z�������]�v�P�U���������‰�š���������X���&�Œ���v�l�o�]�v���~�í�õ�ò�ó�•

���o�]�u���š���� ���Z���v�P���� �]�•�� ���� �š�Z�Œ�����š�� �š�}�� �o�]�(���� �}�v�� �����Œ�š�Z�X�� �K�Œ�� �u�}�Œ����
�������µ�Œ���š���o�Ç�U�� �š�}�� �•�}�u���� �o�]�(���� �}�v�� �����Œ�š�Z�� �š�}�����Ç�X�� �,�µ�u���v��
accelerated changes to the world’s climate will lead to 
the extinction of some species, perhaps Homo sapiens, 
���v���� �š�Z���� �(�o�}�µ�Œ�]�•�Z�]�v�P�� �}�(�� �}�š�Z���Œ�•�� �~�&�]�P�µ�Œ���� �í�•�X�� �d�Z�]�•�� �Z���•�� �������v��
the impact of climatic change since the planet first 
�•�µ�•�š���]�v�������o�]�(�����u�}�Œ�����š�Z���v���ï�X�ñ�����]�o�o�]�}�v���Ç�����Œ�•�����P�}�X���&�}�Œ���Z�µ�u���v��
civilization, increasingly crowded into cities and with a 

total population considered unsustainable on this planet, 
�š�Z���� �]�u�‰�����š�•�����Œ�����o�]�l���o�Ç���š�}�� ������ ���Œ���u���š�]���X���^�}�u���� �‰���}�‰�o���� �Á�]�o�o��
lose their homes through rising sea levels, some will lose 
their food through inability to adapt to new agricultures, 
some will lose their lives or be dispossessed through 
�]�v���Œ�����•������ �•���À���Œ���� �Á�����š�Z���Œ�� ���À���v�š�•�� ���v���� �•�}���]���o�� ���]�•�Œ�µ�‰�š�]�}�v�X��
���v�����•�}���}�v�X���t�����u���Ç�U���]�v���š�]�u���U�������������o�����š�}���]�v�v�}�À���š�����}�µ�Œ���Á���Ç��
through the transition, assuming that is we can mitigate 
�����Œ���}�v�� ���v���� �}�š�Z���Œ�� ���o�]�u���š��‐���Z���v�P���� �‰�}�o�o�µ�š���v�š�•�� �š�}�� �Œ�������Z��
�•�}�u�����•�}�Œ�š���}�(���‰�o���š�����µ�X���/�(���Á�����(���]�o���š�}���u�]�š�]�P���š�����š�Z�����]�v�v�}�À���š�]�}�v��
���v�����������‰�š���š�]�}�v���Á�]�o�o�����������o�o���š�Z�����Z���Œ�����Œ�X
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�^�}�� �š�Z�]�•�� �]�•�� ���� ���o�����l�� �•�����v���Œ�]�}�X�� ���o�]�u���š���� ���Z���v�P���� �Z���•�� �������v��
�����•���Œ�]�������� ���•�� �}�µ�Œ�� �^���]�P�P���•�š�� ���Z���o�o���v�P���U�_�� �^�u�}�•�š�� �‰�Œ���•�•�]�v�P��
�]�•�•�µ���_�� �}�Œ�� �•�]�u�‰�o�Ç�U�� ���v���� �•�š���Œ�l�o�Ç�U�� �^���� ���Œ�]�•�]�•�_�� �~�W�]�v�l�U�� �î�ì�í�ô�•�X��
As expressed in The Xishuangbanna Declaration on 
Botanical Gardens and Climate Change���~�y�]�•�Z�µ���v�P�����v�v����
International Symposium participants, 2014), there 
is much we can do as botanic gardens to help the 
�Á�}�Œ�o���� �u�]�š�]�P���š���� ���v���� �������‰�š�� �š�}�� �P�o�}�����o�� �Á���Œ�u�]�v�P�X�� �/�� ���u�� �v�}�š��
suggesting botanic gardens can save the world on their 
�}�Á�v�����µ�š���š�Z���Ç�����Œ���������(�]�v�]�š���o�Ç���‰���Œ�š���}�(���š�Z�����•�}�o�µ�š�]�}�v�X
Indeed by default botanic gardens contribute to many 
things that either reduce the severity of climate change 
�}�Œ�� �Z���o�‰�� �‰���}�‰�o���� �������‰�š�� �š�}�� �]�š�•�� ���}�v�•���‹�µ���v�����•�X�� ���À���Œ�Ç�� �o���Œ�P����
tree we plant stores a tonne or so of carbon (Ecometrica, 
2011), and there is almost as much again in the soil and 
microorganisms surrounding its roots in a botanic garden 
such as Melbourne Gardens, Royal Botanic Gardens 
�s�]���š�}�Œ�]�����~���Œ���u�]�v�•�U���î�ì�í�ò�•�X�����Ç���•���o�����š�]�v�P���‰���Œ�š�]���µ�o���Œ���•�‰�����]���•��
to plant, we adjust the dial on that carbon sink (Cremins, 

�î�ì�í�ò�•�X�� ���� �o���Á�v�� �}�Œ�� ���� �P���Œ�����v�� �]�v�� ���v�Ç�� �o�}�����š�]�}�v�� �Œ�����µ�����•�� �š�Z����
temperature compared to an expanse of concrete: on 
a summer’s day with maximum temperatures of 30 
degrees Celsius, lawns in the Royal Botanic Gardens 
Victoria are about 24 degrees at their surface and nearby 
�‰���š�Z�•�� �ð�ì�� �����P�Œ�����•�X�� ���]�(�(���Œ���v�š�� �‰���Œ�š�•�� �}�(�� �}�µ�Œ�� �o���v���•�����‰���� ���Œ����
cooler than others (Fern Gully in Melbourne Gardens is 
up to six degrees Celsius cooler than the nearby Central 
Business District of Melbourne) and we can plant to lower 
�š���u�‰���Œ���š�µ�Œ���•���o�}�����o�o�Ç�X���t�Z�]�o�����(�]�v��‐�š�µ�v�]�v�P���}�µ�Œ���‰�o���v�š�]�v�P�•�����v����
landscape design to help mitigate climate change locally 
is admirable, there is much more botanic gardens can 
���v�����•�Z�}�µ�o�������}�X
In this adaptation of my plenary lecture at EuroGard 
VIII (the Eighth European Botanic Gardens Congress, 
�>�]�•���}���U���D���Ç���î�ì�í�ô�•���(�}�Œ���š�Z�����•���•�•�]�}�v���^���}�š���v�]�����'���Œ�����v�•�����v����
Global Change,” I propose seven themes, coerced into 
�š�Z�����u�v���u�}�v�]�����•�µ�v�P���Á�]�š�Z���•�µ���Z���À�]�P�}�µ�Œ�����Ç���&�Œ���v�l�o�]�v���~�í�õ�ò�ó�•�W��
�Z‐��‐�‐̂�W‐��‐��‐�d�U���Œ���•�‰�����š�X

RESEARCH
�E�����Œ�o�Ç�� ���� �������������� ���P�}�� �v�}�Á�U�� �W�Œ�]�u�����l�� ���v���� �D�]�o�o���Œ‐�Z�µ�•�Z�]�v�P��
�~�î�ì�ì�õ�•�U�� �‰�Œ�}�À�]�������� ���v�� ���Æ�����o�o���v�š�� �•�µ�u�u���Œ�Ç�� �}�(�� �š�Z���� �Á���Ç�•��
a botanic garden could contribute to climate change 
�Œ���•�����Œ���Z�X���d�Z���������‰�����]�š�Ç���}�(�������u���i�}�Œ�����}�š���v�]�����P���Œ�����v���]�v���o�µ�����•��
controlled growing conditions, living collections with 
���Œ�}������ �š���Æ�}�v�}�u�]���� �Œ���‰�Œ���•���v�š���š�]�}�v�U�� �u���š�]���µ�o�}�µ�•�� �Œ�����}�Œ��‐
keeping, networks spanning wide geographic areas, and 
�l�v�}�Á�o�����P�������o�����•�š���(�(�X���d�Z���•�����Œ���•�}�µ�Œ�����•�����Œ�������Œ�}�µ�P�Z�š���š�}���������Œ��
on discovering the biological responses to climate change 
�•�µ���Z�����•���š�]�u�]�v�P���}�(���(�o�}�Á���Œ�]�v�P�����v�����o�����(‐�}�µ�š�V���µ�v�����Œ�•�š���v���]�v�P��

of the relationships among climate, physiology, and 
anatomy; use of herbarium specimens and historical 
photographs to understand past plant behaviour; 
biology and distribution of invasive species; and 
comparative studies of responses to climatic variation 
providing insights on important ecological, evolutionary, 
���v���� �u���v���P���u���v�š�� �‹�µ���•�š�]�}�v�•�X�� ���}�š���v�]���� �P���Œ�����v�•�� ���Œ���� ���o�•�}��
increasingly important meeting and study places for 
citizen scientists, and there are many climate monitoring 
�‰�Œ�}�P�Œ���u�•�� �Á�}�Œ�o���Á�]�����W�� �]�v�� ���µ�•�š�Œ���o�]���U�� ���o�]�u���š���t���š���Z�� �~�Á�Á�Á�X

Figure 1: PComparison 
of atmospheric samples 
contained in ice cores and more 
recent direct measurements, 
providing evidence that 
atmospheric CO2 has increased 
�•�]�v�������š�Z�����/�v���µ�•�š�Œ�]���o���Z���À�}�o�µ�š�]�}�v�X��
�~�]�u���P���� ���}�µ�Œ�š���•�Ç�� �}�(�� �E���^���l�:�W�>‐
�����o�š�����Z�U�� �Z�š�š�‰�•�W�l�l���o�]�u���š���X�v���•���X
gov/evidence/)
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���o�]�u���š���Á���š���Z�X�}�Œ�P�X���µ�V�� �&�]�P�µ�Œ���� �î�•�U�� �Œ�µ�v�� ���Ç�� �����Œ�š�Z�t���š���Z�� ���v����
�•�µ�‰�‰�}�Œ�š������ ���Ç���u���v�Ç�����µ�•�š�Œ���o�]���v�����}�š���v�]���� �P���Œ�����v�•�X�����}�š���v�]����
Gardens have a responsibility to lead, encourage, and 

contribute to research into the causes, consequences, 
and controls of climate change, particularly relating to 
�‰�o���v�š�•�����v�����š�Z���]�Œ���Z�����]�š���š�•�X

EDUCATION
A core botanic garden function, and perhaps where they 
should have their greatest impact, is education, in the 
���Œ�}�������•�š�� �•���v�•���X�� �/�v�� �î�ì�í�ï�U�� ���š�� ���� ���}�v�(���Œ���v������Encountering 
the Anthropocene (Sydney Environment Institute, 2013), 
�/�� �P���À���� ���� �š���o�l�� �}�v�� �^���µ�Œ�]�v�P�� �W�o���v�š�� ���o�]�v���v���•�•�� ���v���� �/�o�o�]�š���Œ�����Ç�_��
�Á�Z�]���Z�� �]�•�� �•�š�]�o�o�����À���]�o�����o���� �}�v�o�]�v���� �~���v�š�Á�]�•�o���U���î�ì�í�ï�V���&�]�P�µ�Œ���� �ï�•�X��
In that talk, I argued that humans display symptoms of 
�š�Á�}���‰�}�š���v�š�]���o�o�Ç���o�]�(��‐�š�Z�Œ�����š���v�]�v�P�����]�•�����•���•�W���‰�o���v�š�����o�]�v���v���•�•��
���v���� �‰�o���v�š�� �]�o�o�]�š���Œ�����Ç�X�� �t���� ���]�š�Z���Œ�� �š���l���� �‰�o���v�š�•�� �(�}�Œ�� �P�Œ���v�š�����U��
�À�]���Á�]�v�P�� �š�Z���u�� ���•�� ���� �l�]�v���� �}�(�� �P�Œ�����v�� �Á���o�o‐�‰���‰���Œ�U�� �}�Œ�� �Á���� �(���]�o��
to appreciate just how important they are to life on 
�����Œ�š�Z�X�� ���}�š���v�]���� �P���Œ�����v�•�� �Z���À���� ���o�Á���Ç�•�� �����o�����Œ���š������ �‰�o���v�š��
�o�]�(���U�� ���]�•�‰�o���Ç�]�v�P�� �]�š�•�� �À���Œ�]���š�Ç�� ���v���� �������µ�š�Ç�X�� �/�� �•���]���� �š�Z���v�� �~���v����
�v�}�Á�•�U���š�Z���Ç���u�µ�•�š�����}�� �u�}�Œ���X���t�]�š�Z�}�µ�š���o�}�•�]�v�P���š�Z���]�Œ���Á�Z�]�u�•�Ç��
���v�������Z���Œ�u�U�����}�š���v�]�����P���Œ�����v�•���Z���À���������i�}�����š�}�����}�X���/���š�Z���v���Œ���v��

through the capacity of the organization to which I had 
just been appointed Director and Chief Executive, the 
�Z�}�Ç���o�����}�š���v�]�����'���Œ�����v�•���s�]���š�}�Œ�]���X��

Figure 2: ClimateWatch 
trail at Melbourne Gardens, 
Royal Botanic Gardens 
�s�]���š�}�Œ�]�����~�(�Œ�}�u���Z�š�š�‰�W�l�l�Á�Á�Á�X
���o�]�u���š���Á���š���Z�X�}�Œ�P�X���µ�l�µ�‰�o�}�����•�l
�š�Œ���]�o�l�(�]���o���z�Œ�����}�Œ���]�v�P�z�•�Z�����š��
�l�ð�(�ò���ì�(�ô�������������õ�ò�ï�(���ì�ì�ì�ì�ì�î�l
�Z���À�]�•�����z���t�Z���'���s�]���d�Œ���]�o��
�D���‰�Z�����}�Œ���]�v�P�����^�Z�����š�X�‰���(�•��

Figure 3: �d�]�š�o���� �•�o�]������ �(�Œ�}�u�� �^���µ�Œ�]�v�P�� �W�o���v�š�� ���o�]�v���v���•�•�� ���v����
Illiteracy” presentation in 2013
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It includes two truly iconic botanic gardens; a State 
���}�š���v�]�����o�����}�o�o�����š�]�}�v���}�(���í�X�ñ���u�]�o�o�]�}�v���•�‰�����]�u���v�•�U���Z�]�•�š�}�Œ�]�����o�o�Ç��
and scientifically the richest collection of preserved plants, 
algae and fungi in Australia; the Victorian Conservation 
Seedbank as an insurance policy and investment bank 
for our State’s flora (and part of the Australian Seedbank 
Partnership, a collaboration with Royal Botanic Gardens 
Kew’s Millennium Seed Bank in London); and over two 
hundred staff, volunteers, and associates who are experts 
in horticulture, systematics, ecology, conservation, and 
�����µ�����š�]�}�v�X�����d�Z���•�������Œ�����š�Z�����l�]�v�����}�(�����•�•���š�•���Ç�}�µ���(�]�v�����]�v���u�}�•�š��
large botanic gardens, to varying degrees of size and 
impact, and all are positioned perfectly to contribute to 
�������µ�Œ�����(�}�Œ���‰�o���v�š�����o�]�v���v���•�•�����v�����]�o�o�]�š���Œ�����Ç�X���&�µ�Œ�š�Z���Œ�U���Á�����u�µ�•�š��
�•�µ�Œ���o�Ç���������}���o�]�P�������š�}�����}���•�}�X���/���µ�•�������š�Z�����š���o�l���š�}�������u�}�v�•�š�Œ���š����
how botanic gardens worldwide will help us survive the 
Anthropocene and one of its defining characteristics, 
�Z�µ�u���v‐�]�v���µ�������� ���o�]�u���š���� ���Z���v�P���U�� ���v���� �Á�Z�Ç�� �‰�o���v�š�•�U�� ���o�P������
���v���� �(�µ�v�P�]�� ���Œ���� �Œ�����o�o�Ç�� �]�v�� ���}�v�š�Œ�}�o�� �}�(�� �š�Z�]�•�� �‰�o���v���š�X�� �d�Z�]�•�� �Á���•��
education pure and simple, and the kind of case every 
���}�š���v�]�����P���Œ�����v���•�Z�}�µ�o�����u���l���U�����•���}�(�š���v�����•���‰�}�•�•�]���o���X
Of course every plant in a botanic garden should 
have a story (the key words in any useful definition of 
a botanic garden are that each plant, collection, or 
�o���v���•�����‰���� �•�Z�}�µ�o���� �Z���À���� ���� �^�‰�µ�Œ�‰�}�•���_�V�� ���v�š�Á�]�•�o���U�� �î�ì�í�ô�•�� �•�}��
���À���Œ�Ç���‰�o���v�š���]�•�����v���}�‰�‰�}�Œ�š�µ�v�]�š�Ç���š�}�������µ�����š���X���/�v���������U�����À���Œ�Ç��

�]�v�š���Œ�����š�]�}�v�� �Á�]�š�Z�� ���� �À�]�•�]�š�}�Œ�v�Œ�����o�� �}�Œ�� �À�]�Œ�š�µ���o�v�]�•�� ���� ���Z���v������
�š�}�� �]�v�(�}�Œ�u�U�� ���v���}�µ�Œ���P���U�� ���v���� �]�v�•�‰�]�Œ���X�� �^�}�u���� ���]�•�‰�o���Ç�•�� �Á�]�o�o��
be directly related to climate change, such as the Water 
Saving Garden at Cranbourne Gardens, Royal Botanic 
Gardens Victoria, where plants requiring less water are 
�P���š�Z���Œ������ �š�}�P���š�Z���Œ�� ���v���� �]�v�š���Œ�‰�Œ���š�����X�� �t�Z�]�o���� ���Œ�}�µ�P�Z�š�� ���v����
water shortages have always been part of gardening in 
Australia, the changes to Victoria’s climate due to global 
�Á���Œ�u�]�v�P�� ���Œ���� �‰�Œ�����]���š������ �š�}�� ���������v�š�µ���š���� �š�Z�]�•�� �o�]�u�]�š���š�]�}�v�X��
Similarly with invasive species: weeds are a major 
threat to the environment and economy of Australia, 
and a changing climate will allow new incursions and 
extensions to existing ranges (as well of course as 
���}�v�š�Œ�����š�]�}�v�•�� ���v���� �o�}�•�•���•�� �}�(�� �}�š�Z���Œ�� �•�‰�����]���•�U�� �Á���� �Z�}�‰���•�X�� �^�}��
when as a botanic garden, we assess new acquisitions for 
�š�Z���]�Œ���Á���������‰�}�š���v�š�]���o���~�s�]�Œ�š�µ���U���^�‰���v�����Œ�U���t���]�•�•�U���˜���Z���]���Z���Œ���U��
2008), as we should and must, it is useful to explain that 
to the visiting public (particularly if we decide to grow a 
species with strict horticultural protocols in place such as 
����� �̂���‐�Z�������]�v�P�_���š�}�����À�}�]�������v�Ç���•���������•���š�•�X
This is not the place to discuss the philosophy and 
pedagogy of learning programs, but whether they are 
aimed at informing or inspiring, a core message for 
���}�š���v�]�����P���Œ�����v�•���]�v���š�Z�����î�í�å�æ�������v�š�µ�Œ�Ç���u�µ�•�š���������š�Z�����v���������š�}��
mitigate and adapt to climate change, and the role plants 
�‰�o���Ç���]�v���š�Z�]�•���Œ���•�‰�}�v�•���X

SAFEGUARDING
Most botanic gardens contribute in some way to the 
�‰�Z�Ç�•�]�����o�� �‰�Œ�}�š�����š�]�}�v�� �}�(�� �š�Z���� �Á�}�Œ�o���[�•�� �(�o�}�Œ���X�� �d�Z���Ç�� ���}�� �š�Z�]�•��
through living collections of rare and threatened species, 
through seed and germplasm banks, or through direct 
�u���v���P���u���v�š�� �}�(�� �v���š�µ�Œ���o�� �}�Œ�� �Œ���•�š�}�Œ������ �À���P���š���š�]�}�v�X�� �d�Z���Œ����
are many examples of integrated conservation programs 
involving botanic gardens, but the shining example is that 
of the extremely rare and only recently discovered conifer, 
Wollemi Pine (Wollemia nobilis), from New South Wales 
�]�v�� ���µ�•�š�Œ���o�]���� �~�t�}�}���(�}�Œ���U�� �î�ì�ì�ì�•�X�� ���o�]�u���š���� ���Z���v�P���� �]�•�� �Ç���š��
another threat, adding to and sometime compounding 
land clearing, grazing, invasive species, inappropriate fire 
�Œ���P�]�u���•�U�����v�����•�}���}�v�X���/�v���š�Z���������•�����}�(���š�Z�����t�}�o�o���u�]���W�]�v�����Á�]�š�Z��
less than 100 individual trees growing in a small area 
north of Sydney, the existence of a widely distributed 
ex situ collection (in botanic, as well as home and other 
public, gardens) is essential for the continuation of this 
species should there be any impediment to the survival 
�}�(���š�Z�����v���š�µ�Œ���o���‰�}�‰�µ�o���š�]�}�v�•�X
Another good, integrated example, is the Orchid 
Conservation Program at Royal Botanic Gardens Victoria, 
�Á�Z�]���Z���Œ���o�]���•���}�v���Z�µ�u���v�U�����v�����}�š�Z���Œ�U���‰���Œ�š�v���Œ�•�Z�]�‰�•�X�����µ�•�š�Œ���o�]����

�Z���•�� ���Œ�}�µ�v���� �í�U�ï�ì�ì�� �•�‰�����]���•�� �}�(�� �v���š�]�À���� �}�Œ���Z�]���U�� �Á�]�š�Z�� �š�Z�Œ����‐
�‹�µ���Œ�š���Œ�•�� �}�(�� �š�Z���•���� �š���Œ�Œ���•�š�Œ�]���o�� �~�P�Œ�}�µ�v���� ���Á���o�o�]�v�P�•�X�� �d�Z����
�•�}�µ�š�Z‐�����•�š���Œ�v�����}�Œ�v���Œ���}�(���š�Z�������}�v�š�]�v���v�š���]�•���‰���Œ�š�]���µ�o���Œ�o�Ç���Œ�]���Z��
in terrestrial orchids, with many species under threat 
�}�(�� ���Æ�š�]�v���š�]�}�v�X�� �d�}�� ���}�v�•���Œ�À���� �š�Z���•���� �•�‰�����]���•�� ���v���� �Œ�����µ������
their risk of extinction, many recovery plants include 
���� �Œ���]�v�š�Œ�}���µ���š�]�}�v�� ���}�u�‰�}�v���v�š�X�� �,�}�Á���À���Œ�U�� �µ�v�š�]�o�� �Œ�������v�š��
years it has been extremely difficult to propagate and 
�•�µ�������•�•�(�µ�o�o�Ç�� �š�Œ���v�•�o�}�����š���� �u�}�•�š�� �š���Œ�Œ���•�š�Œ�]���o�� �}�Œ���Z�]���� �•�‰�����]���•�X��
Each terrestrial orchid species has its own complex 
relationship with the environment, including particular 
requirements for mycorrhizal fungi, pollinators, and 
�u�]���Œ�}�Z�����]�š���š�X�� �d�}�� �Œ���•�š�}�Œ���� �‰�}�‰�µ�o���š�]�}�v�•�� �µ�v�����Œ�� �š�Z�Œ�����š�U�� ����
thorough understanding of a plant’s ecology and biology 
are required, as well as the support of relevant land 
�u���v���P���Œ�•�� ���v���� ���}�u�u�µ�v�]�š�Ç�� �P�Œ�}�µ�‰�•�X�� �d�Z���� �Z�}�Ç���o�� ���}�š���v�]����
Gardens Victoria is leading an innovative conservation 
partnership to collect, store, propagate, and reintroduce 
�š�Z�Œ�����š���v�������š���Œ�Œ���•�š�Œ�]���o���}�Œ���Z�]���•���]�v�š�}���š�Z���]�Œ���v���š�]�À�����Z�����]�š���š�X���/�š��
has many partners, including Catchment Management 
Authorities, national parks, conservation NGOs such as 
Trust for Nature, universities and various government 
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�����‰���Œ�š�u���v�š�•�� ���v���� ���}�u�u�µ�v�]�š�Ç�� �P�Œ�}�µ�‰�•�X�� �d�Z���� ���}�u�u�µ�v�]�š�Ç��
groups and many volunteers are critical to the project, 
providing expertise and resources to complement the 
�•�µ�‰�‰�}�Œ�š�� �(�Œ�}�u�� �P�}�À���Œ�v�u���v�š�X�� �d�Z���� ���µ�•�š�Œ���o���•�]���v�� �E���š�]�À����
Orchid Society (Victoria), in particular, has assisted with 
almost every reintroduction to date and its members have 
�������v�������u���i�}�Œ���‰���Œ�š���}�(���š�Z�����‰�Œ�}�P�Œ���u�[�•���•�µ�������•�•�X���d�Z�����•�}���]���š�Ç��
���o�•�}�� �u�������� ���� �u���i�}�Œ�� ���}�v�š�Œ�]���µ�š�]�}�v�� �š�}�� ���� ���Œ�}�Á��‐�•�}�µ�Œ���]�v�P��
campaign (Figure 4) to establish laboratory facilities in 
�š�Z�����Z�}�Ç���o�����}�š���v�]�����'���Œ�����v�•���s�]���š�}�Œ�]�������š�����Œ���v���}�µ�Œ�v���X

While seedbanks and genetically diverse living collections 
are the best ways to safeguard a species outside its natural 
�Z�����]�š���š�U�����À���v���}�v�����}�Œ���š�Á�}���•�‰�����]�u���v�•���}�(���š�Z�����^�o�]�À�]�v�P�����������U�_��
���•�� �š�Z���Ç�� ���Œ���� �•�}�u���š�]�u���•�� �����o�o������ ���Œ���� �����š�š���Œ�� �š�Z���v�� �v�}�š�Z�]�v�P�X��
The Toromiro (Sophora toromiro) is extinct on Easter 
Island, the only place on Earth where it grew naturally, 
���µ�š�� �]�•�� �v�}�Á�� �P�Œ�}�Á�v�� �]�v�� �u���v�Ç�� ���}�š���v�]���� �P���Œ�����v�•�� �Á�}�Œ�o���Á�]�����X��
While we have some genetic variation in our collection at 
Royal Botanic Gardens Victoria, mostly the plants grown 
do not represent much of the natural variation that 
�Á�}�µ�o���� �Z���À���� ���Æ�]�•�š������ �}�v������ �}�v�� �����•�š���Œ�� �/�•�o���v���X�� �^�š�]�o�o�U�� �����š�š���Œ��
to keep a representative of a particular lineage, in this 
�����•���� ���� �•�‰�����]���•�U�� �š�Z���v�� �š�}�� �o�}�•���� �]�š�X�� �D�µ���Z�� ���•�� �š�Z���� ���}�}�l�•�� �o�}�•�š��
�]�v���š�Z�������µ�Œ�v�]�v�P���}�(���š�Z�����o�]���Œ���Œ�Ç�����š�����o���Æ���v���Œ�]�����]�v���ï�õ�í�����������Œ����
irreplaceable, so is a particular evolutionary outcome, a 
�•�‰�����]���•�X���K�(�����}�µ�Œ�•���� �P�]�À���v���o�]�u�]�š������ �•�‰�������� ���v���� �Œ���•�}�µ�Œ�����•�U������
botanic garden must triage the value of each specimen 
or sample if we are to safeguard the diversity of plant life 
�}�v�������Œ�š�Z�X

PLANNING
When we plant a tree it is not for the life of a corporate 
�‰�o���v���}�Œ�������P�}�À���Œ�v�u���v�š�X���/�š���Á�]�o�o���������Á�]�š�Z���µ�•���(�}�Œ���í�ì�t�í�ì�ì���Ç�����Œ�•�U��
���v�����‹�µ�]�š�����‰�}�•�•�]���o�Ç���u�}�Œ���X���^�}���š�Z�����š�Œ�������Á�����‰�o���v�š���š�}�����Ç���u�µ�•�š��
�������š�Z�����š�Œ�������š�Z���š���Á�]�o�o���•�µ�Œ�À�]�À�������v�����š�Z�Œ�]�À�����]�v�U���•���Ç�U���î�ì�õ�ì�X���d�Z�]�•��
is at the heart of Royal Botanic Gardens
Victoria’s Landscape Succession Strategy (RBGV, 2016; 
�&�]�P�µ�Œ�����ñ�•�X�����•���}�µ�š�o�]�v�������]�v�������Œ�������v�š���‰���‰���Œ���~���v�š�Á�]�•�o���U�����}�o���U��
�˜�� �^�Ç�u���•�U�� �î�ì�í�ó�•�U�� �š�Z���� �•�š�Œ���š���P�Ç�� �Œ�����}�P�v�]�Ì���•�� �š�Z���š�� �Á�]�š�Z�� �í�X�ò��
�u�]�o�o�]�}�v�� �À�]�•�]�š�}�Œ�•�� �������Z�� �Ç�����Œ�U�� �Œ���•�‰�}�v�•�]���]�o�]�š�Ç�� �(�}�Œ�� ���� �Z���Œ�]�š���P��‐
listed landscape and the need to care for a collection of 
over 8,000 plant species of conservation and scientific 
importance, planting and planning must take into 
�������}�µ�v�š�����v�š�]���]�‰���š���������Z���v�P���•���š�}���Œ���]�v�(���o�o�����v�����š���u�‰���Œ���š�µ�Œ���X��
Specifically, the Strategy sets out the steps needed 
over the next 20 years to transition the botanic garden 
�š�}�� �}�v���� �Œ���•�]�o�]���v�š�� �š�}�� �š�Z���� ���o�]�u���š���� �u�}�����o�o������ �(�}�Œ�� �î�ì�õ�ì�X�� �d�Z����
document includes a range of practical measures and 
�����Z�]���À�����o�����~���v�������š���š�]�u���•���•�}�u���Á�Z���š�����•�‰�]�Œ���š�]�}�v���o�•���š���Œ�P���š�•�X��
Climate analogues are being used to identify places in 
Australia and elsewhere with conditions today similar to 
�š�Z�}�•���� �‰�Œ�����]���š������ �(�}�Œ�� �D���o���}�µ�Œ�v���� �]�v�� �î�ì�õ�ì�U�� �š�}�� �Z���o�‰�� �•���o�����š��
�v���Á���•�‰�����]���•���(�}�Œ���š�Z�������}�o�o�����š�]�}�v�X���D�}�����o�o�]�v�P���}�(���š�Z�����v���š�µ�Œ���o��
and cultivated distribution of species will be used to help 
select suitable growth forms to replace existing species 
�}�(�� �Z�]�P�Z�� �À���o�µ���� �}�Œ�� �]�v�š���Œ���•�š�X�� �/�u�‰�Œ�}�À������ �µ�v�����Œ�•�š���v���]�v�P�� �}�(��
temperature gradients within the botanic garden, water 
holding capacity of soils, and plant water use behaviour 

is already resulting in better targeted planting and 
�]�Œ�Œ�]�P���š�]�}�v�X���d�Z�����P�}���o���]�•���š�}���Œ���š���]�v�������•�]�u�]�o���Œ�����]�À���Œ�•�]�š�Ç���}�(���•�‰�����]���•��
but transition the collection so that by 2036 at least 
�ó�ñ�9���}�(���š�Z�����•�‰�����]���•�����Œ�����•�µ�]�š�����o�����(�}�Œ���š�Z�������o�]�u���š�����]�v���î�ì�õ�ì�X��
At all times there will be a strong focus on assisting the 
���Œ�}�������Œ�����}�u�u�µ�v�]�š�Ç���]�v���š�Z���]�Œ���Œ���•�‰�}�v�•�����š�}�����o�]�u���š�������Z���v�P���X��
An international Climate Change Summit was held late in 
2018 with representatives for 10 allied botanic gardens 
from around the world, mostly in climates similar to 
�š�Z�}�•���� �}�(�� �D���o���}�µ�Œ�v���� �]�v�� �î�ì�í�ô�� �}�Œ�� �î�ì�õ�ì�X�� �/�š�� �]�•�� ���v�š�]���]�‰���š������
an alliance will be established to further encourage the 
�•�Z���Œ�]�v�P���}�(���l�v�}�Á�o�����P�������v�����•�l�]�o�o�•�X
While the Landscape Succession Strategy is thought to be 
�����Á�}�Œ�o��‐�(�]�Œ�•�š���]�v���š���Œ�u�•���}�(���]�š�•���(�}���µ�•���}�v���š�Z�������}�š���v�]�����o���o�]�À�]�v�P��
collection and landscape, botanic gardens in Australia 
and elsewhere have been planning for climate change for 
at least the last 10 years: for example, Role of Australia’s 
Botanic Gardens in Adapting to Climate Change (CHABG, 
2008), Australian National Botanic Gardens Climate 
Change Strategy (ANBG, 2010), and Botanic Gardens in 
the Caribbean and Central American region are already 
experiencing an increase in the frequency and severity of 
hurricanes, and there and elsewhere rising sea levels are 
���]�•�‰�o�����]�v�P���o���v�������v�����Z�}�Œ�š�]���µ�o�š�µ�Œ���o���}�‰�š�]�}�v�•�X

Figure 4: Crowd sourcing poster for Royal Botanic 
Gardens Victoria’s Orchid Conservation Program
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ENGAGEMENT
Botanic gardens engage on many levels, starting with our 
�À�]�•�]�š�}�Œ�•���}�(�����}�µ�Œ�•���X���,���Œ���U���/���Á���v�š���š�}���(�}���µ�•���}�v���P�}�À���Œ�v�u���v�š��
�‰�}�o�]���Ç�� ���v���� ���}�u�u�µ�v�]�š�Ç�� �‰�Œ�}�i�����š�•�X�� �������Z�� ���}�š���v�]���� �P���Œ�����v�•��
must respond to the needs and requirements of its 
�}�Á�v���Œ�•�U�� �Á�Z���š�Z���Œ�� �‰�Œ�]�À���š���� �}�Œ�� �‰�µ���o�]���X�� �&�}�Œ�� �š�Z�}�•���� �Á�]�š�Z�� ����
broader public remit, and funded primarily through taxes 
of some kind, there will be obligations to assist in the 
�]�u�‰�o���u���v�š���š�]�}�v���}�(��� �̂��o�����š�]�}�v���‰�Œ�}�u�]�•���•�_�����v�����À���Œ�]�}�µ�•���Z�]�P�Z��
�o���À���o�� �•�š�Œ���š���P�]���•�� ���v���� ���}�u�u�]�š�u���v�š�•�X�� �/�� �Á�}�µ�o���� ���v���}�µ�Œ���P����
botanic gardens to extend this further and reach over 
the garden fence, to work on projects that help the 
�P�}�À���Œ�v�u���v�š�~�•�•�� �Œ���•�‰�}�v���� �š�}�� ���o�]�u���š���� ���Z���v�P���X�� �/�v�� �u�Ç�� �^�š���š����
of Victoria, Australia, we have Protecting Victoria’s 
���v�À�]�Œ�}�v�u���v�š�v�����]�}���]�À���Œ�•�]�š�Ç���î�ì�ï�ó���~�s�]���š�}�Œ�]���������>�t�W�U���î�ì�í�ó�•��
and Victoria’s Climate Change Adaptation Plan (Victoria 
�����t�>�W�U���î�ì�í�ò�•�����•���š�Á�}���l���Ç�����Œ�]�À���Œ�•���(�}�Œ���}�µ�Œ���'�}�À���Œ�v�u���v�š�X
Botanic Gardens can also provide leadership and 
���Æ�‰���Œ�š�]�•�����(�}�Œ��� �̂��}�u�u�µ�v�]�š�Ç���P�Œ�����v�]�v�P�_���‰�Œ�}�i�����š�•�U���Á�Z�]���Z���Á�Z�]�o����
not always responding directly to climate change will 

strengthen a city’s ability to maintain a liveable climate 
���v���� �u���l���� ���� ���}�v�š�Œ�]���µ�š�]�}�v�� �š�}�� �����Œ���}�v�� �•�š�}�Œ���P���X�� �/�v�� �u�Ç�� �}�Á�v��
case, I was invited in 2016 by the Victorian Minister for 
Public Transport to chair what was called a Community 
�K�‰���v���^�‰�����������Æ�‰���Œ�š���W���v���o���~���K�^���W�U���î�ì�í�ó�V���&�]�P�µ�Œ�����ò�•�X��

Figure 5: Responding to climate change in the management and planning of a botanical living collection and landscape: 
the Landscape Succession Strategy for Melbourne Gardens, Royal Botanic Gardens Victoria

Figure 6: Report from the Community Open Space Expert
Panel, chaired by the author
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The Panel was established to advise the minister on 
�š�Z���������•�š���µ�•�����}�(���î�î�X�ñ���Z�����š���Œ���•���}�(���}�‰���v���•�‰�����������Œ�����š���������Ç��
���o���À���š�]�v�P���š�Z�����Œ���]�o���v���š�Á�}�Œ�l���]�v���}�µ�š���Œ���D���o���}�µ�Œ�v���X���/�š���]�v���o�µ��������
representatives of the local community (selected through 
an expression of interest), combined with expertise from 
Victoria Police, Bicycle Network, local council, and the 
�K�(�(�]�������}�(���š�Z�����s�]���š�}�Œ�]���v���'�}�À���Œ�v�u���v�š�����Œ���Z�]�š�����š�X���d�Z�����W���v���o��

met monthly over 12 months, reviewing, and advising on 
plans for this open space which include parks, gardens, 
play and sports equipment, walking and cycling pathways, 
�����Œ���‰���Œ�l�]�v�P�U�����v�������}�u�u�µ�v�]�š�Ç�����Œ�š�X���W�o���v�š�]�v�P���]�v���š�Z�]�•���‰���Œ�l���Z������
to be suitable for Melbourne’s emerging climate as well 
���•���•���(���š�Ç�U�����u���v�]�š�Ç�U�����v�������}�u�u�µ�v�]�š�Ç�����}�Z���•�]�}�v�X

COLLABORATION
Collaboration will be essential for everything I have 
mentioned so far, whether with colleagues inside 
�}�Œ�� �}�µ�š�•�]������ ���� ���}�š���v�]���� �P���Œ�����v�X�� �Z���•�����Œ���Z�U�� �����µ�����š�]�}�v�U��
safeguarding plants, and planning all depend on 
partnerships of some kind, and engagement is always a 
���}�o�o�����}�Œ���š�]�}�v�� �Á�Z���v�� ���}�v���� �Á���o�o�X�� ���•�� ���µ�Œ�Œ���v�š�� �W�Œ���•�]�����v�š�� �}�(��
�š�Z���� �/�v�š���Œ�v���š�]�}�v���o�� ���•�•�}���]���š�]�}�v�� �}�(�� ���}�š���v�]���� �'���Œ�����v�•�� �~�]�����P�X
�•�����P�X�����•�X���v�•�U�� �/�� �Á�}�µ�o���� ���v���}�µ�Œ���P���� �u���u�����Œ�•�Z�]�‰�� �}�(�� �š�Z�]�•��
peak international body, as well as Botanic Gardens 
���}�v�•���Œ�À���š�]�}�v���/�v�š���Œ�v���š�]�}�v���o���~�Á�Á�Á�X���P���]�X�}�Œ�P�•�U���‰�o�µ�•���Œ���P�]�}�v���o��
�v���š�Á�}�Œ�l�•�� �~���X�P�X�U�� ���}�š���v�]���� �'���Œ�����v�•�� ���µ�•�š�Œ���o�]���� ���v���� �E���Á��
�•�����o���v���V���Á�Á�Á�X�����P���v�Ì�X�}�Œ�P�X���µ�•���~�&�]�P�µ�Œ�����ó�•�X���>�]�š�š�o�����u�}�Œ�����v��������
be said about collaboration other than to encourage 
�u�}�Œ�����}�(���]�š�X

TENACITY
Finally, we should be tenacious: taking a firm 
�P�Œ�]�‰�� �}�v�� �š�Z�]�v�P�•�U�� �����]�v�P�� �����š���Œ�u�]�v�����U�� �‰���Œ�•�]�•�š�]�v�P�� �~���v�X
�}�Æ�(�}�Œ�����]���š�]�}�v���Œ�]���•�X���}�u�•�X�� �^�>�]�l���� ���� �o�]�u�‰���š�_�� �~���Æ���u�‰�o���� �}�(��
�š���v�����]�š�Ç�V�����v�X�}�Æ�(�}�Œ�����]���š�]�}�v���Œ�]���•�X���}�u�•���Á�����u�µ�•�š���•�š�]���l���š�}���}�µ�Œ��
���}�u�u�]�š�u���v�š���š�}�������o�]�(�����•�µ�•�š���]�v���������v�������v�Œ�]���Z���������Ç���‰�o���v�š�•�X��
Perhaps more aptly for our audience, we could model 
ourselves on the South American Ombú (Phytolacca 
dioica), a favourite specimen tree in many botanic 
�P���Œ�����v�•�� �~�&�]�P�µ�Œ���� �ô�•�X�� �/�š�� �Z���•�� ���� �(�]�Œ�u�� ���v���� �µ�v�•�Z���l�]�v�P�� �P�Œ�]�‰�� �}�v��
the Earth, with limbs reaching out as far as it can in all 
���]�Œ�����š�]�}�v�•�X�� �/�š�� �]�•�� ���o�•�}�� ���� �š�}�µ�P�Z�� �‰�o���v�š�U�� �����o���� �š�}�� �Á�]�š�Z�•�š���v����
���Œ�}�µ�P�Z�š�����v�����(�]�Œ���X���d�}�µ�P�Z�����µ�š���š���v�����Œ�W���š�Z�����K�u���·�U���}�Œ�������o�o����
�^�}�u���Œ�����~�^�������µ�š�]�(�µ�o���•�Z�������_���]�v���^�‰���v�]�•�Z�•�U���‰�Œ�}�À�]�����•�����}�u�(�}�Œ�š��
and shelter for those travelling through the extensive 
�P�Œ���•�•�o���v���•�� �}�(�� ���Œ�P���v�š�]�v���� ���v���� �h�Œ�µ�P�µ���Ç�X�� �E�}�š�� ���� �������� �Œ�}�o����
model for botanic gardens as they navigate their way 
�š�Z�Œ�}�µ�P�Z���š�Z�������o�]�u���š�������Z���v�P�������Œ�]�•�]�•�X

R‐E‐S‐P‐E‐ C‐T
�d�Z���•�����•���À���v���š�Z���u���•�vresearch, education, safeguarding, 
planning, engagement, collaboration, and tenacity�v
sum up neatly how botanic gardens should respond to 
���o�]�u���š���� ���Z���v�P���X�� ���}�v�À���v�]���v�š�o�Ç�U�� �š�Z���� �(�]�Œ�•�š�� �o���š�š���Œ�•�� �}�(�� �š�Z���•����
�š�Z���u���•�����}�u���]�v�����š�}���•�‰���o�o���^�Œ���•�‰�����š�_�X���/�(���Á�����•�Z�}�Á���Œ���•�‰�����š���š�}��
each other, and to other life forms on this planet, we will 
be well on the way to dealing responsibly to crises such 

���•�� ���o�]�u���š���� ���Z���v�P���X�� �t�]�š�Z�}�µ�š�� �š�Z���š�� �Œ���•�‰�����š�U�� �}�µ�Œ�� ���}�š���v�]����
gardens can become mere curious historical artefacts 
���v���� �}�µ�Œ�� �Á�}�Œ�l�� �‰�Z�]�o���š���o�]���� �Œ���š�Z���Œ�� �š�Z���v�� �‰�Z�]�o���v�š�Z�Œ�}�‰�]���X�� �E�}�š��
that there is anything wrong with the collecting and 
studying of stamps! It’s just that we have a higher calling, 
�š�}���•���À�����š�Z�����‰�o���v���š�����•���Á���o�o�����•�������o�����Œ���š�����š�Z�����o�]�(�����}�v���]�š�X
At the broadest level, respect applies to the diversity of 

Figure 7: Visual identities for two international botanic 
garden networks (International Association of Botanic 
Gardens and Botanic Gardens Conservation International) 
and one regional network (Botanic Gardens Australia and 
New Zealand)

Figure 8: Ombú (Phytolacca dioica) in Jardín Botánico de 
���i�µ�����U���>�]�•���}�v�U���W�}�Œ�š�µ�P���o�X���W�Z�}�š�}�P�Œ���‰�Z�W���d�]�u�����v�š�Á�]�•�o��
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life and to the value of each species as a unique outcome 
�}�(�����À�}�o�µ�š�]�}�v���~�}�Œ���]�(���Ç�}�µ���o�]�l���U���•�}�u���š�Z�]�v�P���u�}�Œ�����•�‰�]�Œ�]�š�µ���o�•�X���/�š��
applies to the way we view nature in the whole, but also 
�����š�Œ�������]�v���š�Z�����•�]�v�P�µ�o���Œ�X���/�š�����o�•�}�����‰�‰�o�]���•���š�}���Z�}�Á���Á�����Œ���•�‰�}�v�����š�}��
���]�•�•���v�š�]�v�P���}�Œ�����]�•�]�v�š���Œ���•�š�������À�]���Á�•�X���Z���š�Z���Œ���š�Z���v���Œ���•�‰�}�v�����]�v��
anger or frustration, or give up on a particular cohort, we 
�u�µ�•�š���Œ���u���u�����Œ���š�Z�����K�u���·�����v�����‰���Œ�•�]�•�š�X���d�Z�Œ�}�µ�P�Z���Œ���•�����Œ���Z��
we can provide the evidence to make sound decisions, 

through education we build an informed and committed 
community, by safeguarding we project our precious 
plant life, with adequate planning we leave a lasting 
legacy, by engaging with governments and community 
leaders we expand our influence, by collaborating we 
�u�µ�o�š�]�‰�o�Ç�� �}�µ�Œ�� �]�u�‰�����š�U�� ���v���U�� �š�Z�Œ�}�µ�P�Z�� �š���v�����]�š�Ç�� �Á�]�o�o�� �‰�Œ���À���]�o�X��
���•���š�Z�����Ç�}�µ�v�P���(�}�o�l���•���Ç�U���^�Œ���•�‰�����š�J�_
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CITY TREES AND ROLE OF BOTANIC GARDENS 

�:�K�•���������s���K�E�Ž�U�����>���E�<�����Z���s�E�:���<

University Botanic Gardens Ljubljana,
�����‰���Œ�š�u���v�š���}�(�����]�}�o�}�P�Ç�U�����]�}�š�����Z�v�]�����o���(�����µ�o�š�Ç�U���/�Î���v�•�l���������•�š�����í�ñ�U���í�ì�ì�ì���>�i�µ���o�i���v���U���^�o�}�À���v�]��
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ABSTRACT
�d�Œ�����•�����Œ�������v���]�v���]�•�‰���v�•�����o�����‰���Œ�š���}�(���µ�Œ�����v�����v�À�]�Œ�}�v�u���v�š�X���d�Z���Ç���‰�Œ�}�À�]�������•�Z�����������v�����Z���o�‰���š�}���Œ�����µ�������š�Z�������]�š�Ç���š���u�‰���Œ���š�µ�Œ���U��
�Á�Z���š���v�}�Á�������Ç�•���]�•�����•�‰�����]���o�o�Ç���]�u�‰�}�Œ�š���v�š�����µ�����š�}���P�o�}�����o���Á���Œ�u�]�v�P�X���K�v�����}�(���š�Z�����µ�•�µ���o���‰�Œ�}���o���u�•���(�}�Œ�����]�š�Ç���š�Œ�����•���]�•���š�Z�����•�‰��������
���À���]�o�����o���� �(�}�Œ���š�Z���� �š�Œ������ �µ�v�����Œ���š�Z���� �P�Œ�}�µ�v���� ���v���� �����}�À���� �]�š�X�����������µ�•���� �}�(�� �•�‰�����]�(�]���� ���v�À�]�Œ�}�v�u���v�š���o�� �(�����š�}�Œ�•�� �]�v�� ���]�š�]���•�U���Á�Z���Œ���� �]�š��
is needed shade during the summer and light during the winter , the choice of right tree species, that will give the 
�P�Œ�����š���•�š���(�����o�]�v�P���}�(�����}�u�(�}�Œ�š���š�}���š�Z�������]�š�]�Ì���v�•�U���]�•�����•�•���v�š�]���o�X���d�Z�����h�v�]�À���Œ�•�]�š�Ç�����}�š���v�]�����'���Œ�����v�•���}�(���>�i�µ���o�i���v�����Z���À���������o�}�v�P�r�o���•�š�]�v�P��
���}�}�‰���Œ���š�]�}�v���Á�]�š�Z���š�Z�����>�i�µ���o�i���v�����D�µ�v�]���]�‰���o�]�š�Ç�X���d�Z�]�•���Z���•���������v���]�v�š���v�•�]�(�]�������•�]�v�������î�ì�ì�ó�U���Á�Z���v���š�Z�������}�š���v�]�����'���Œ�����v�•���Z���À����
�������v�������š�]�À���o�Ç���‰���Œ�š�]���]�‰���š�]�v�P���]�v���š�Z�����µ�Œ�����v���P�Œ�����v���‰�}�o�]���Ç���Á�Z���Œ�������]�š�Ç���š�Œ�����•���‰�o���Ç�����v���]�u�‰�}�Œ�š���v�š���Œ�}�o���X���,���v�����U���Á�����‰���Œ�š�]���]�‰���š������
���Ç���‰�Œ���‰���Œ�]�v�P�������•�š�µ���Ç�������}�µ�š���u���v���P���u���v�š���}�(�����]�š�Ç���š�Œ�����•�X���d�Z�������}�š���v�]�����'���Œ�����v�•���Á���Œ�������o�•�}�����}�r���µ�š�Z�}�Œ�����v�����‰�µ���o�]�•�Z���Œ���}�(���š�Z����
���}�}�l���^���]�š�Ç���d�Œ�����•�_�U���Á�Z���Œ�����u���v���P���u���v�š���]�v�•�š�Œ�µ���š�]�}�v�•�����v�����o�]�•�š���}�(�����‰�‰�Œ�}�‰�Œ�]���š�������]�š�Ç���š�Œ�����•���•�‰�����]���•�����Œ�����]�v���]�����š�����X���d�Z�]�•���Á���•��
�(�}�o�o�}�Á���������Ç���u���v�Ç���Œ���À�]�•�]�}�v�•���}�(���‰�o���v�š�]�v�P���‰�o���v�•���(�}�Œ�����]�š�Ç���š�Œ�����•���]�v���š�Z�����^�o�}�À���v�]���v�������‰�]�š���o�X���>���š���Œ���}�v�U�����o�•�}���š�Z�������À���o�µ���š�]�}�v���}�(���š�Œ������
�•�]�š�µ���š�]�}�v�����v�����š�Z�����•���o�����š�]�}�v���}�(���v���Á���š�Œ�������•�‰�����]���•���Á���Œ�����‰�Œ���‰���Œ�����X���^�}�u�������}�u�u�}�v���š�Œ�������•�‰�����]���•���µ�•�������(�}�Œ�������v�š�µ�Œ�]���•���~�o�]�l����
Aesculus hippocastanum���>�X�•���Z���À�����v�}�Á�������Ç�•���������}�u�����o���•�•���µ�•���(�µ�o���}�Œ�����À���v���µ�•���o���•�•�����������µ�•�����}�(�����]�•�����•���•�����v�����‰���•�š�•�X���&�}�Œ��
�š�Z�]�•���Œ�����•�}�v�U���Á�����•�š���Œ�š�������š�}���]�v�š�Œ�}���µ���������µ�š�}���Z�š�Z�}�v�}�µ�•���•�‰�����]���•���]�v�š�}���š�Z�����‰�o���v�š�]�v�P���‰�o���v�•�X���^�‰�����]���•�����]�À���Œ�•�]�š�Ç���]�•���À���Œ�Ç���]�u�‰�}�Œ�š���v�š��
�(�}�Œ�� �š�Z���� ���]�š�Ç�� ���]�}���]�À���Œ�•�]�š�Ç�X�� ���•�� ���� �Œ���•�µ�o�š�� �}�(�� �� �}�µ�Œ�� �•�µ�P�P���•�š�]�}�v�•�� �Á���� ���������u���� �š�Z���� �u���]�v�� �Œ���(���Œ���v������ �(�}�Œ�� �•���o�����š�]�}�v�� �}�(�� ���]�š�Ç�� �š�Œ�����•��
���v�����(�}�Œ���š�Z���]�Œ���u���v���P���u���v�š�X���K�v�����}�(���š�Z�������]�P�P���•�š���‰�Œ�}�i�����š�•���Á�Z�]�š�Z���š�Z�����‰���Œ�š�]���]�‰���š�]�}�v���}�(���š�Z�����h�v�]�À���Œ�•�]�š�Ç�����}�š���v�]�����'���Œ�����v�•���}�(��
�>�i�µ���o�i���v���U���Á���•���š�Z�����Œ���v�}�À���š�]�}�v���}�(���š�Z�����u���]�v�����À���v�µ�����]�v���>�i�µ���o�i���v���X���t�����•�µ�P�P���•�š�������š�Z���š���š�Z�������µ�š�}���Z�š�Z�}�v�}�µ�•���š�Œ�������•�‰�����]���•��
Fraxinus ornus���>�X���•�Z�}�µ�o�����������‰�o���v�š�������š�Z���Œ���X���K�v���š�Z�]�•�����À���v�µ�����ò�ó���•�‰�����]�u���v�•���}�(���š�Z�������(�}�Œ���u���v�š�]�}�v�������‰�o���v�š���•�‰�����]���•�����Œ�����v�}�Á��
�P�Œ�}�Á�]�v�P�X���/�v�������•�u���o�o���Œ���v���Á�o�Ç�����Œ�Œ���v�P�������‰���Œ�l�U���ï�î���š�Œ�����•���}�(��Sorbus aria���~�>�X�•�����Œ���v�š�Ì���Á���Œ�����‰�o���v�š�����������•�������}�v���}�µ�Œ���•�µ�P�P���•�š�]�}�v�X��
For upcoming projects of street renovation in the next year, species like Prunus mahaleb���>�X�U Ostrya carpinifolia���^���}�‰�X��
and Carpinus betulus���>�X���Á���Œ�����•�µ�P�P���•�š�����X�����o�•�}�U���}�š�Z���Œ���^�o�}�À���v�]���v�����]�š�Ç���u�µ�v�]���]�‰���o�]�š�]���•�����Œ�������•�l�]�v�P���š�Z�����h�v�]�À���Œ�•�]�š�Ç�����}�š���v�]����
�'���Œ�����v�•���}�(���>�i�µ���o�i���v�����(�}�Œ�������À�]���������v�������•�•�]�•�š���v�������}�v���š�Z�]�•���]�•�•�µ���X���t�]�š�Z���Z���o�‰���}�(���}�µ�Œ���l�v�}�Á�o�����P���U���Á�}�Œ�l�•�Z�}�‰�•�����v�����o�����š�µ�Œ���•��
���Œ���������]�v�P���‰�Œ���‰���Œ�������(�}�Œ�����]�(�(���Œ���v�š���]�v�š���Œ���•�š���P�Œ�}�µ�‰�•�X���t�]�š�Z���•�µ���Z�������š�]�À�]�š�]���•�U���Á�����Á���v�š���š�}�������Z�]���À�������������š�š���Œ���Œ�����}�P�v�]�š�]�}�v���}�(���š�Z����
�‰�µ���o�]�����•���Œ�À�]�����•���]�v���Œ���•�‰�����š���š�}�����]�š�Ç���š�Œ�����•�X
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INTRODUCTION
Trees have existed in cities since the time people started 
�o�]�À�]�v�P�� �]�v�� �•�}���]���š�]���•�X�� �d�Z���Ç�� �Œ���‰�Œ���•���v�š�� ���� �‰���Œ�š�� �}�(�� �v���š�µ�Œ���U��
greenery, or the most beautiful nature in cities that 
�Á���� ���Œ���� �v�}�š�� ���À���v�� ���Á���Œ���� �}�(�X�� �t�]�š�Z�� �š�Z���� �Á���Œ�u�]�v�P�� �}�(�� �š�Z����
atmosphere and especially of the urban centres the 
trees are becoming more and more important buffers 
�}�(�� ���Æ�š�Œ���u���� �š���u�‰���Œ���š�µ�Œ���•�� �~���µ�Œ�����v�� �î�ì�ì�ò�V�� ���v�v�}�•�� �î�ì�í�ì�•�X��
�d�Z���Ç�� ���o�•�}�� �����•�}�Œ���� �ï�ì�9�� �}�(�� �š�Z���� �Á���š���Œ�� ���v���� �š�Z���v�� �Œ���o�����•���� �]�š��
���P���]�v�� �]�v�š�}�� �š�Z���� ���š�u�}�•�‰�Z���Œ���X�� �d�Œ�����•�� �����•�}�Œ���� ���K�î�� ���v���� ���u�]�š��
O2, what improves the conditions in urban centres 
�~���µ�Œ�����v�� �î�ì�ì�ò�U�� �,���Á�]�š�š�� ���š�� ���o�•�X�� �W�Œ�}�‰���Œ�o�Ç�� �•���o�����š������ �š�Œ�����•��
prevent heating of buildings in summer and mitigate low 
�š���u�‰���Œ���š�µ�Œ���•���]�v���Á�]�v�š���Œ���~�t�}�o�(���í�õ�õ�ô�����U�����U�����•�X���d�Œ�����•���]�v�����]�š�]���•��

cause less water loss and increase air humidity, what 
�������]�š�]�}�v���o�o�Ç�� �u�]�š�]�P���š���� �š�Z���� ���(�(�����š�•�� �}�(�� �Z�]�P�Z�� �š���u�‰���Œ���š�µ�Œ���•�X��
They influence the retention of precipitation water, which 
in the urban environment is also important (McPherson 
���š�� ���o�� �í�õ�õ�ó�V�� �y�]���}�� �˜�� �D���W�Z���Œ�•�}�v�� �î�ì�í�ò�•�X�� �K�(�� ���}�µ�Œ�•���U�� �š�Z���•����
properties are related to specific tree species (Escobedo 
���š�����o���î�ì�í�ñ�����V���^���Z���Œ���v���Œ�}���Z�����š�����o�X���î�ì�í�ò�•�X���d�Z���Ç�����Œ�����š�Z�����Œ�����o��
���Œ���]�v���P�����•�Ç�•�š���u���}�(���š�Z�������]�š�Ç���~�����v�u���v�����š�����o�X���î�ì�í�î�•�X���d�Œ�����•��
with appropriate planting can alleviate noise, reduce 
dust particles emissions by filtering and absorb certain 
pollutants from the air: ozone, carbon monoxide, sulfur 
���]�}�Æ�]������ �~���µ�Œ�����v�� �î�ì�ì�ò�V�� �,���Œ�Œ�]�•�� �˜�� �����•�•�µ�l�� �í�õ�õ�ï�V�� �,�]���u�•�š�Œ����
���š�� ���o�X�� �î�ì�ì�ô�V�� ���v�}�v�� �î�ì�í�ì�V�� �>�]�À���•�o���Ç�� ���š�� ���o�� �î�ì�í�ò�•�U�� �Œ�����µ������
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�h�s�����Œ�����]���š�]�}�v���~�,���]�•�o���Œ�����š�����o�X���î�ì�ì�î�•�����v�������š���š�Z�����•���u�����š�]�u����
���}�v�š�Œ�]���µ�š���� �š�}�� ���� �u�}�Œ���� �������µ�š�]�(�µ�o�� ���v�À�]�Œ�}�v�u���v�š�� �~���]�Æ�}�v�� �˜��
���o���}�µ�•�� �î�ì�í�ð�•�X�� �/�v�� ���]�š�]���•�� �š�Z���Ç�� �Z���À���� ���� �•�š�Œ�µ���š�µ�Œ���o�� �(�µ�v���š�]�}�v��
�~���µ�Œ�����v���î�ì�ì�ò�V�����•���}�������}�����š�����o�X���î�ì�í�í�U���î�ì�í�ñ�����V���D�µ�o�o���v���Ç�����š��
���o���î�ì�í�ñ�•�X���t�]�š�Z���š�Z�������P�]�v�P���}�(���š�Z�����‰�}�‰�µ�o���š�]�}�v���}�(�����µ�Œ�}�‰�������v����
other developed parts of the world, their environmental 
function of extreme temperature mitigation is of 
�‰���Œ�š�]���µ�o���Œ���]�u�‰�}�Œ�š���v�����X���E�}���o���•�•���]�u�‰�}�Œ�š���v�š�����Œ�����š�Œ�����•�����o�}�v�P��
�š�Z�����Œ�}�����•�����}�š�Z���]�v�����]�š�]���•�����v�����}�v���o�}�����o���Œ�}�����•�X���d�Œ�����•�����Œ�������o�•�}��
important in car parks where the appropriate trees can 
significantly reduce the temperature of the parked cars if 
�š�Z�����š�Œ�����š�}�‰�•�������}�À�������Œ���������v�•���X��
�d�Œ�����•���]�v�����]�š�]���•�����o�•�}���Z���À�����•�}���]�}�r�����}�v�}�u�]�������v�����•�}���]�}�o�}�P�]�����o��
�(�µ�v���š�]�}�v�•�X�� �d�Z���Ç�� �]�v�(�o�µ���v������ �}�v�� �š�Z���� �Á���o�o�r�����]�v�P�� �}�(�� �š�Z����
inhabitants and they increase the chance of staying in 
open areas all day, what is even more important in the 
�•�µ�u�u���Œ�X���d�Œ�����•�� �]�v�� ���]�š�]���•�� ���o�•�}�� �Z���À���� ���� �•�]�P�v�]�(�]�����v�š�� ���(�(�����š�� �}�v��
�Á���o�o�r�����]�v�P�� ���v���� �Z�����o�š�Z�� �}�(�� �‰���}�‰�o���� �~�,�]���u�•�š�Œ���� ���š�� ���o�X�� �î�ì�ì�ô�V��
���v�}�v���î�ì�í�ì�•�X���d�Z���Œ���(�}�Œ���U���š�Z���]�Œ���•�}���]�}�o�}�P�]�����o���(�µ�v���š�]�}�v���]�•���}�(�š���v��
more important, although it may be less measurable 
�š�Z���v���š�Z���]�Œ�������}�o�}�P�]�����o���(�µ�v���š�]�}�v���~�<���v�����î�ì�ì�õ�•�X���d�Œ�����•���Z���À��������
symbolic meaning, they are a place for sociability, they 
�P�]�À���� ���� �(�����o�]�v�P�� �}�(�� ���� �Œ�}�}�(�� �}�À���Œ�� �‰���}�‰�o���[�•�� �Z�������•�� ���v���� �u�}�Œ���X��
�d�Œ�����•�� �]�v�� �š�Z���� ���]�š�]���•�� ���Œ���� �š�Z���� ���µ�]�o���]�v�P�� ���o�}���l�•�� �}�(�� �š�Z���� �•�‰�������X��
Pleasant green environment increases the value of real 
���•�š���š���•�X�� �d�}�� �•�}�u���� �}�(�� �š�Z���� �š�Œ�����•�� �]�•�� �P�]�À���v�� ���•�� �u���v�Ç�� ���•�� �î�ì��
properties which help and contribute to a better life in 
���]�š�]���•�� �~���µ�Œ�����v�� �î�ì�ì�ò�•�X�� �����•�‰�]�š���� ���o�o�� �š�Z���� �‰�}�•�]�š�]�À���� ���(�(�����š�•�� �}�(��
�š�Z���� �š�Œ�����•�U�� �š�Z���Ç�� ���o�•�}�� �����µ�•���� ���}�v�(�o�]���š�•�X�� �d�Z���� �•�‰�������� �]�v�� ���]�š�]���•��
is valuable and expensive so it is very important for city 
�µ�Œ�����v���‰�o���v�v�]�v�P�X���/�š���]�•���v�������•�•���Œ�Ç���š�}���•���o�����š���š�Z�����‰�Œ�}�‰���Œ���•�‰��������
for an individual tree because for the same tree species 
in the urban environment its behaviour is different from 
�š�Z���š�� �]�v�� �š�Z���� �(�}�Œ���•�š�� �~���v�����Œ�•�}�v�� �˜�� �t���•�š�� �î�ì�ì�ò�V�� �W���‰���Œ�� ���š�� ���o��
�î�ì�í�ð�•�X���'�}�}�����À���v�š�]�o���š�]�}�v���}�(���š�Z�����•�}�]�o�����v�����o���•���š�Z�����Œ���•�‰�]�Œ���š�]�}�v��
�}�(���š�Z�����Œ�}�}�š�•�����v�����š�Z�����P�Œ�}�Á�š�Z���}�(���•�}�]�o���}�Œ�P���v�]�•�u�•�X���/�v�����]�š�]���•�U��
however, all this is missing, causing a lack of water and 
�v�µ�š�Œ�]���v�š�•�� �~�<�}�Ì�o�}�Á�•�l�]�� �í�õ�õ�õ�•�X�� �d�Z�]�•�� �]�•�� �Á�Z�Ç�� �š�Z���� �P�Œ�}�Á�š�Z�� �}�(��
�š�Œ�����•���]�v�����]�š�]���•���]�•���o���•�•���•�µ�������•�•�(�µ�o�X���d�Œ�����•���]�v�����]�š�]���•�������v�����o�•�}��������
dangerous if they are not regularly inspected and properly 

�u���]�v�š���]�v�����X���/�v���������]�š�]�}�v���š�}���š�Z���������}�À���r�u���v�š�]�}�v�����U���š�Œ�����•���]�v��
���]�š�]���•�����Œ�������o�•�}���v���š�µ�Œ���o���u�]���Œ�}�r�Z�����]�š���š�•���Á�Z���Œ�����š�Z�������]�Œ���•�����v����
other animals are kept, what increases the biodiversity of 
�š�Z�����µ�Œ�����v�����v�À�]�Œ�}�v�u���v�š�X���E�}�Á�������Ç�•�U���]�š���]�•�������•�]�Œ�����o�����š�}���l�����‰��
points of green passages through the city as corridors 
�Á�Z�]���Z���o���������µ�•���������l���š�}���]�v�š�����š���v���š�µ�Œ���X���'�Œ�����v���}���•���•���]�v���š�Z����
middle of cities are becoming increasingly important 
�~�<�µ�}���î�ì�ì�ï�•�X��
Some cities have a special strategy for city trees (Peurasuo 
���š�����o�X���î�ì�í�ð�V�������Z�o�Z���µ�•���v�����š�����o���î�ì�í�ò�•�X���d�Z�������]�š�Ç���}�(���>�i�µ���o�i���v����
���o�•�}�� �µ�•���•�� �]�š�•�� �•�‰�����]���o�� �•�š�Œ���š���P�Ç�U�� �Á�Z�]���Z�� �Á���� ���Œ���� ���}�r�•�Z���‰�]�v�P��
with our decisions in the University Botanic Gardens 
�}�(�� �>�i�µ���o�i���v���X�� �E�}�Á�������Ç�•�U�� ���� �P�}�}���� �•�š�Œ���š���P�Ç�� �]�•�� �‰���Œ�š�]���µ�o���Œ�o�Ç��
important since the contractors for the management of 
urban trees are selected through a call for tenders and 
���Œ���� �}�(�š���v�� ���Z���v�P������ �(�}�Œ���š�Z�]�•�� �Œ�����•�}�v�X���/�v�� �����•���� �š�Z���Œ���� ���Œ���� �v�}��
permanent instructions and strategies, there may be a 
�‰�Œ�}���o���u���Á�]�š�Z���u���]�v�š���]�v�]�v�P���š�Z�������]�š�Ç���š�Œ�����•�X�����(�š���Œ�����Z���v�P�]�v�P��
various services and concessionaires Ljubljana finally 
acquired a proper urban company that takes care of the 
���]�š�Ç�� �š�Œ�����•�X�� �&�}�Œ�� �����À�]������ �Œ���‰�Œ���•���v�š���š�]�À���•�� �}�(�� �š�Z���� ���}�u�‰���v�Ç��
turn to the University Botanic Gardens of Ljubljana, 
�Á�Z���Œ�����Á�������Œ�������o�Á���Ç�•���Œ�������Ç���š�}���Z���o�‰�X��
Botanic gardens are old institutions in which tree species 
were important from the very beginnings (Monem 
�î�ì�ì�ó�V�� �K�o���(�]���o���� �î�ì�í�ì�•�X�� �d�Z���� ���}�š���v�]���� �'���Œ�����v�� �]�v�� �>�i�µ���o�i���v����
celebrated its opening in 1810 by planting one or even 
���]�P�Z�š���š�Œ�����•���~�^�š�Œ�P���Œ���í�õ�ó�ï�V�������À���}�v���î�ì�ì�ì�U���î�ì�í�ì�•�X���<�v�}�Á�o�����P����
of trees and their ecology is also an integral part of our 
�(�]���o���Á�}�Œ�l�U���Á�Z�]���Z���]�•�������Œ�Œ�]�������}�µ�š���š�Z�Œ�}�µ�P�Z�}�µ�š���^�o�}�À���v�]���X�����µ����
to the knowledge of ecology and the desire to try to plant 
as many indigenous trees within the city, as possible, 
we have been cooperating with the City of Ljubljana for 
�u���v�Ç���Ç�����Œ�•�X���/�v���š�Z���� ���]�š�Ç�U���Á���� �Z���À���� �š���l���v���]�v���Z���v���� �š�Z���� �Œ�}�o����
of determiners for the selection of new tree planting in 
the city, and they are asking us for help also from other 
�‰���Œ�š�•���}�(���^�o�}�À���v�]���X���d�Z�����š���•�l���]�•���v�}�š�������•�Ç�U�����µ�š���]�š���]�•���]�v�š���Œ���•�š�]�v�P��
because we are constantly looking for new solutions 
�Á�Z�]���Z�����}�µ�o�����������‰���Œ�u���v���v�š�����v�����v�}�š���•�Z�}�Œ�š�r�š���Œ�u�X��

METHODOLOGY
There are many important factors in choosing city 
�š�Œ�����•�� �š�Z���š�� �]�v�(�o�µ���v������ �š�Z���� ���Z�}�]�����X�� �d�Œ�����•�� �]�v�� �š�Z���� ���]�š�Ç��
�µ�•�µ���o�o�Ç�� �Z���À���� �‰�Œ�}���o���u�•�� �Á�]�š�Z�� �š�Z���� �µ�v�����Œ�P�Œ�}�µ�v���� ���Œ�����X��
�h�•�µ���o�o�Ç�U�� �š�Z�]�•�� �•�‰�������� �]�•�� �š�}�}�� �•�u���o�o�X�� �d�Œ�����•�� �����v�� �����u���P���� �š�Z����
underground community infrastructures in the city with 
�Œ�}�}�š�� �]�v�š���Œ�Á�����À���•�X�� �t�Z���v�� �‰�o���v�š�]�v�P�� �š�Œ�����•�� �]�š�� �]�•�U�� �š�Z���Œ���(�}�Œ���U��
necessary to ensure the tightness of the underground 
community installations so that there is no air or water 

permeability in them because of the roots growing to 
�š�Z���� �Á���š���Œ�����v���� �š�Z���� ���]�Œ���•�‰�������•�X���d�Z���� �]�v�•�š���o�o���š�]�}�v�•�� �u�µ�•�š�� ������
sufficient away from the roots so that the roots do not 
�}�À���Œ�P�Œ�}�Á�����v�����š�Z�µ�•�������u���P�����š�Z���u�X���W���Œ�š�]���µ�o���Œ�o�Ç���]�u�‰�}�Œ�š���v�š��
is the distance from hot water lines and pipelines, which 
�����v���Œ���•�µ�o�š���]�v���(���š���o�����}�v�•���‹�µ���v�����•���]�(���š�Z���Ç���Œ�������Z���š�Z�����Œ�}�}�š�•�X��
The tree should be provided with an adequate space 
�����}�À�������v���������o�}�Á���š�Z�����P�Œ�}�µ�v���X���/�š���Z���•���š�}�����������Z�}�•���v�������Œ�]�P�Z�š��
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�š�Œ�������(�}�Œ���š�Z�����Œ�]�P�Z�š���‰�o�������X���d�Œ�����•�����Œ�������Z�}�•���v���������}�Œ���]�v�P���š�}���š�Z����
�µ�v�����Œ�P�Œ�}�µ�v�������v���������}�À�����P�Œ�}�µ�v�����•�‰�������X�������o���Œ�P�����š�Œ���������}���•��
not belong to the narrow and small streets, because it 
�����µ�•���•�� �‰�Œ�}���o���u�•�X���d�Œ�����•�� �]�v���š�Z���� ���]�š�Ç���•�Z�}�µ�o���� ������ �‰�Œ�µ�v������ ���•��
little as possible, so it is necessary to get trees of the 
appropriate size with appropriate crown corresponding 
�š�}���š�Z�����P�]�À���v���•�‰�������X��
�/�v�� �>�i�µ���o�i���v���U�� �Á���� �•���š�� ���� �•�š�Œ���š���P�Ç�� �(�}�Œ�� �‰�o���v�š�]�v�P�� ���Œ�}�µ�P�Z�š�r
tolerant species, and preferably, trees that feed 
honeybees and are indigenous because they are most 
�������‰�š�������š�}���}�µ�Œ�����v�À�]�Œ�}�v�u���v�š�X���d�Z���Ç���•�Z�}�µ�o�������o�•�}���v�}�š�������µ�•����
���o�o���Œ�P�]���•�����v�����•�Z�}�µ�o�����v�}�š�����������Œ�����l�����o���X
Planting holes must be properly prepared with a substrate 
�•�µ�]�š�����o�����(�}�Œ�������‰���Œ�š�]���µ�o���Œ���•�‰�����]���•���~���]�v���í�ô�õ�î�ì�U���î�ì�ì�î�V�����º�Z�o���Œ��

���š�� ���o�X�� �î�ì�ì�ó�V�� �•�d�s�r�s���P�š�Œ���r�D�µ�� �î�ì�ì�ô�•�� ���v���� �]�(�� �‰�}�•�•�]���o���� �Á����
form planting channels that are left perforated (Figure 
�í�•�X�� �d�Z�]�•�� �Á���Ç�� �Œ�}�}�š�•�� �Z���À���� ���}�v���]�š�]�}�v�•�� �(�}�Œ�� �P�Œ�}�Á�š�Z�� ���v���� ���]�Œ�X��
Also in places where the soil at the top is treated in 
any way we leave the ventilation shafts and additional 
ventilation tubes, which in the great drought at least in 
�š�Z�����(�]�Œ�•�š���Ç�����Œ���}�(���Œ�}�}�š�]�v�P�������v���•���Œ�À�����(�}�Œ���������]�š�]�}�v���o���Á���š���Œ�]�v�P�X��
The outer part of the planting hole is designed so that 
the grid protection can be removed and the space for 
�š�Z���� �š�Œ�µ�v�l�� �]�•�� �]�v���Œ�����•�����X�� �/�š�� �•�Z�}�µ�o���� �}�v�o�Ç�� ������ �•�o�]�P�Z�š�o�Ç�� �‰���À������
�•�}���š�Z���š���]�š���]�•���‰���Œ�u�������o�����(�}�Œ�����]�Œ�����v�����Á���š���Œ�X���d�Z�����µ�‰�‰���Œ���‰���Œ�š��
�����v���������•�����µ�Œ�������}�v�o�Ç���Á�]�š�Z�������P�Œ�]�������v�����š�Z�����Œ�}�}�š�•�����Œ���������o�}�Á�X��
Depending on the spatial possibilities we are always 
�o�}�}�l�]�v�P���(�}�Œ���}�‰�š�]�u���o���•�}�o�µ�š�]�}�v�•���(�}�Œ���š�Z�����Œ�}�}�š���•�Ç�•�š���u�X��

RESULTS 
The University Botanic Gardens of Ljubljana always 
�‰���Œ�š�]���]�‰���š�������]�v���š�Z�����Á�}�Œ�l�•�����]�u�]�v�P�����š���š�Z�����‰�o���v�š�]�v�P���}�(�š�Œ�����•�X���/�š��
had its little tree nursery, which is evident through history 
�~�^�š�Œ�P���Œ�� �í�õ�ó�ï�V�� �����À���}�v�� �î�ì�í�ì�•�X�� �t���� ���o�•�}�� ���µ�o�š�]�À���š������ �•�‰�����]���•��
�š�}�� �Œ���‰�o�������� �š�Z���� ���Æ�]�•�š�]�v�P�� �š�Œ�����•�� �]�v�� �š�Z���� �P���Œ�����v�X�� �/�v�� �í�õ�õ�õ�� �Á����
received three hundred saplings of Japanese cherries, 
�Á�Z�]���Z�� �Á���Œ���� ���� �‰�Œ�}�š�}���}�o�[�•�� �P�]�(�š�� �(�Œ�}�u�� �:���‰���v�� �š�}�� �^�o�}�À���v�]���X��
These young trees need to be quarantined for one year, 
and that is why we set up a special new field where we 
�‰�o���v�š������ �š�Z���� �����}�À���r�u���v�š�]�}�v������ �•�‰�����]���•�X�� ���o�Œ�������Ç�� �]�v�� �š�Z����
second year of growth, we started to cultivate young 
�š�Œ�����•�����•���š�Œ�����•���(�}�Œ���‰�Œ�}�u���v�������X���t�����‰�Œ�µ�v�������š�Z�����o�}�Á���Œ���‰���Œ�š��
of the branches and gradually lifted the crowns according 
�š�}���š�Z�����Œ�µ�o���•���(�}�Œ���•�Z���‰�]�v�P���š�Œ�����•���(�}�Œ���‰�Œ�}�u���v�������X���d�Œ�����•���Á���Œ����
prepared for plantations in front of the entrance to the 
�v���Á���•�]�š�����}�(���š�Z�������}�š���v�]�����'���Œ�����v�X���t�����o���š���Œ���‰�o���v�š�������š�Z���u��
�Œ�]�P�Z�š���š�Z���Œ�����~�����À���}�v���î�ì�ì�í�•�X���/�v���î�ì�ì�ò�U���š�Z�������]�š�Ç���}�(���>�i�µ���o�i���v����
was invited to participate in the rehabilitation of an 
�]�o�o���P���o���l�]�š���Z���v���P���Œ�����v���•���š�š�o���u���v�š���v�����Œ���š�Z�����•���o���������u���š���Œ�Ç�U��
�Á�Z�]���Z���]�•�� �š�Z���� �Á�}�Œ�l�� �}�(�� �š�Z���� �^�o�}�À���v���� �(���u�}�µ�•�� ���Œ���Z�]�š�����š���:�}�Î����
�W�o�����v�]�l���Á�Z�}�����o�•�}���Á�}�Œ�l�������]�v���s�]���v�v�������v�����W�Œ���P�µ�����~�,�Œ���µ�•�l�Ç��
���š�����o���î�ì�ì�ó�•�X���'�]�À���v���š�Z���š���š�Z���Œ�����Á���•���v�}���u�}�v���Ç���(�}�Œ���‰�o���v�š�]�v�P��
�]�v���š�Z�����]�v�]�š�]���o���‰�Z���•���U���Á�����‰�Œ�}�‰�}�•�����������À���Œ�Ç���•�]�u�‰�o�����•�}�o�µ�š�]�}�v�X��
The solution was the removal of all ballast and preserve 
the existing trees, which gardeners have planted over the 
�Ç�����Œ�•�X���K�(�����}�µ�Œ�•���U���v�}�š�����o�o���š�Œ�����•���Á���Œ�����•�µ�]�š�����o���U���•�}���Á�����u��������
�š�Z�������‰�‰�Œ�}�‰�Œ�]���š�����•���o�����š�]�}�v�X�������À���Œ�Ç���•�]�u�‰�o�����‰���Œ�l���Á���•���u��������
�}�v�o�Ç�����Ç���o���Ç�]�v�P���}�µ�š�����v�����•�}�Á�]�v�P���š�Z�����o���Á�v�X���>���š���Œ���Á�����‰�o���v�š������
�š�Z���Œ�����u�}�Œ�����š�Œ�����•�����v�����(�}�Œ�u�������‰���Œ�l�����o���u���v�š�•�X�����À���v���š�}�����Ç��
the original trees, including fruit trees, represent a very 
diverse park, which people have gladly accepted  their 
�}�Á�v���~�^�]�u�}�v���š�]���î�ì�í�ì�•�X
Later we participated in the selection of some tree and 
shrub species for the banks of the Ljubljanica River 

�~�����À���}�v�� �˜�� �Z���À�v�i���l�� �î�ì�í�ó�� ���U�� ���•�X�� �Z���‹�µ���•�š�•�� �(�}�Œ�� �‰�Œ�}�‰�}�•���o�•��
for planting different tree species continued to flow 
�(�Œ�}�u�����]�(�(���Œ���v�š���‰���Œ�š�•�X���/�v���‰���Œ�š�]���µ�o���Œ�U���Á�����Á���Œ�������}�v�•�µ�o�š���������Ç��
architects who included trees in various plantings not 
�}�v�o�Ç�� �]�v�� �>�i�µ���o�i���v���� ���µ�š�� �]�v�� ���]�(�(���Œ���v�š�� �‰���Œ�š�•�� �}�(�� �^�o�}�À���v�]���X�� �d�Z����
yield of these various pieces of advice and consultations 
was the creation of a budget for a public enterprise that 
�š���l���•�������Œ�����}�(���P�Œ�����v���Œ�Ç���]�v���>�i�µ���o�i���v�����~�D���o�i���À���������š�����o�X���î�ì�í�ì�•�U��
and that a little later also allowed the publication by 
the University Botanic Gardens of Ljubljana of the book 
�^�D���•�š�v�}�� ���Œ���À�i���_�� �~�š�Z���� ���]�š�Ç�� �š�Œ�����•�•�U�� �]�v�� �Á�Z�]���Z�� �Á���� ���Œ���� ���o�•�}��
���}�r���µ�š�Z�}�Œ�•�� �~�a�]�(�š���Œ�� ���š�� ���o�X�� �î�ì�í�í�•�X�� �d�Z���� ���}�}�l�� �}�‰���v������ �v���Á��
chapters in the planning and selection of trees, and in 
particular, mean a further enforcement of the Botanic 
�'���Œ�����v���]�v���š���Œ�u�•���}�(�������À�]�������}�v���š�Z�����š�Œ�����•���]�v���š�Z�������]�š�Ç�X���t�]�š�Z��
�š�Z�]�•�U���Á�����Á���Œ�����(�����������Á�]�š�Z���v���Á�����Z���o�o���v�P���•�X��
A major urban project was the renovation of the central 
���]�š�Ç���•�š�Œ�����š���r���^�^�o�}�À���v�•�l���������•�š���_���]�v���>�i�µ���o�i���v�����~�&�]�P�µ�Œ�����î�•�X���K�v��
this street, which was the main road and the city traffic 
�Œ�}�µ�š���U�� �š�Z���Œ���� �Á���Œ���� �v�}�� �š�Œ�����•�X�� �&�Œ�}�u�� �š�Z���� �����P�]�v�v�]�v�P�U�� �Á����
have worked with architects at workshops and advised 
them on how to tackle the selection of the tree species 
���v���� �Á�Z���š�� ���}�v���]�š�]�}�v�•�� �•�Z�}�µ�o���� ������ �‰�Œ���‰���Œ������ �(�}�Œ�� �š�Z���� �š�Œ�����•�X��
On this main road, planned for, in the future, forbid the 
individual traffic and allow only the public transport and 
pedestrians was intended to plant as many as 67 new 
�š�Œ�����•�X�� �d�Z���� �•���o�����š�]�}�v�� �š�}�}�l�� �‰�o�������� �(�}�Œ�� ���� �o�}�v�P�� �š�]�u���� ���v���� �]�v��
the end, we succeeded with our proposal for planting a 
small tree species according to the availability of space 
underground and in view of the desire that the trees 
�•�Z�}�µ�o���� ���Æ�š���v���� �š�}�}�� �Z�]�P�Z�X�� �d�Z���� �•�š�Œ���š���P�Ç�� �š�Z���š�� �Á���� �������]��������
�}�v�� �Á���•�� �š�}�� �µ�•���� �•�‰�����]���•�� �š�Z���š�� ���Œ���� �]�v���]�P���v�}�µ�•�U�� ���Œ�}�µ�P�Z�š�r
�š�}�o���Œ���v�š�� ���v���� �š�Œ�����•�� �š�Z���š�� �(�������� �Z�}�v���Ç�������•�X�� ���o�Œ�������Ç�� �š�Z����
���Œ���Z�]�š�����š���:�}�Î�����W�o�����v�]�l���µ�•�������š�Z�����D�����]�š���Œ�Œ���v�����v�����o���u���v�š�•��
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in Ljubljana during the two wars and our choice was 
�}�v�o�Ç�� ���v�� �µ�‰�P�Œ�������� �}�(�� �Z�]�•�X�� �^�}�� �Á���� �]�v���o�µ�������� �]�v�� �š�Z���� �•�Z�}�Œ�š�o�]�•�š��
�•�µ�•�š���]�v�����o���� �š�Œ������ �•�‰�����]���•�� �(�Œ�}�u�� �š�Z���� �^�µ���r�D�����]�š���Œ�Œ���v�����v��
environment which can stand the Ljubljana winter and 
the urban environment of summer, especially  the water 
�•�Z�}�Œ�š���P���•�X���&�}�Œ���š�Z���������v�š�Œ���o���o�]�v�����}�(���š�Z�����•�š�Œ�����š�U���Á�����•���o�����š������
the manna ash (Fraxinus ornus���>�X�•�U���Á�Z�]���Z���‰�Œ�}�À�������š�}������������
good choice, because the plant blooms very beautifully, 
is little demanding and at the same time very beautifully 
���}�o�}�µ�Œ������ �]�v�� ���µ�š�µ�u�v�X�� �d�Z���� �o���š�š���Œ�� ���Œ�]�v�P�•�� ���v�� �������]�š�]�}�v���o��
���o���u���v�š�� �}�(�� ���]�À���Œ�•�]�š�Ç�� �]�v�š�}�� �š�Z�]�•�� �����v�š�Œ���o�� �•�‰�������� �~�����À���}�v�� �˜��
�Z���À�v�i���l�� �î�ì�í�ð�V�� �����À���}�v�� �˜�� �Z���À�v�i���l�� �î�ì�í�ó�� ���U�� ���•�X�� �d�Z�]�•�� �o���Œ�P���Œ��
avenue is then connected to the crossroad and the road 
which goes across the avenue is an approach road to 
�š�Z���������v�š�Œ�����(�Œ�}�u���š�Z�����v�}�Œ�š�Z���•�]�����X���,���Œ���U�����•�������•�µ�‰�‰�o���u���v�š�U��
�Á���� ������������ ���v�}�š�Z���Œ�� ���Œ�}�µ�P�Z�š�r�š�}�o���Œ���v�š�� �•�‰�����]���•�� �(�Œ�}�u�� �š�Z����
�•���u���� �‰�Z�Ç�š�}�P���}�P�Œ���‰�Z�]�����o�� �Œ���P�]�}�v�� �}�(�� �^�o�}�À���v�]�����r�� ���µ�Œ�}�‰�����v��
�Z�}�‰�r�Z�}�Œ�v�������u�� �~Ostrya carpinifolia�� �^���}�‰�X�•�� �~�&�]�P�µ�Œ���� �ï�•�X�� �/�v��
the next street, we added a whitebeam (Sorbus aria���~�>�X�•��
���Œ���v�š�Ì�•�X�����}�š�Z���}�(���š�Z�����������������•�‰�����]���•�����Œ�������o�•�}���À���Œ�Ç�����š�š�Œ�����š�]�À����
for bees, which implied the placement of this central part 
of the city into the bee path, which also begins at the 
University Botanic Gardens of Ljubljana and then spreads 
�š�Z�Œ�}�µ�P�Z�� ���]�(�(���Œ���v�š�� �‰���Œ�š�•�� �}�(�� �š�Z���� ���]�š�Ç�X�� �&�}�Œ���š�Z�]�•�� �š�Œ�]���v�P�o���U�� �Á����
then proposed a mahaleb cherry (Prunus mahaleb�� �>�X�•��
�~�����À���}�v�� �˜�� �Z���À�v�i���l�� �î�ì�í�ó�� ���U�� ���•�X�� �t�Z�]�š���������u�� �~S. aria�� �~�>�X�•��
Crantz) was proposed for planting in the park, which was 
�P�]�À���v���š�}���š�Z�������]�š�Ç�����Ç���š�Z���������o�]�v�l�������}�u�‰���v�Ç�X���t�����‰�Œ�}�‰�}�•������
this species to the company since the whitebeam was 
once milled as an addition to the flour and because it 
�Z���•�� �Á�Z�]�š���� �o�����À���•�� �����o�}�Á�X�� �d�Z�]�•�� �v���u���� �]�•�� �u�}�•�š�� ���}�v�•�]�•�š���v�š��
with the name of the company (Belinka is derived 

from white), which again belongs to the concept of our 
�•�š�Œ���š���P�Ç���~�����À���}�v���˜���Z���À�v�i���l���î�ì�í�ó�����U�����•�X��
For a smaller cutting down park with lower trees we 
proposed a European bladdernut (Staphylea pinnata���>�X�•�X��
For a smaller market, where we needed enough shade 
and there was room for planting we proposed a European 
nettle tree (Celtis australis���>�X�•�X���/�š���]�•���u�}�•�š���•�µ�]�š�����o�������������µ�•����
it satisfies given conditions and is again a species that is 
�À���Œ�Ç�����Œ�}�µ�P�Z�š�r�š�}�o���Œ���v�š�����v�����‰���Œ�•�]�•�š���v�š�X���t�Z���v�������•�]�P�v�]�v�P������
small park by railway we preserved already existing trees 
�P�Œ�}�Á�]�v�P�� �}�v�� ���� �v���P�o�����š������ �•�µ�Œ�(�������X�� �t���� �Œ���u�}�À������ �]�v�À���•�]�À����
�•�‰�����]���•�����v�����š�Œ�����•���š�Z���š���Á���Œ�����]�v���‰�}�}�Œ�����}�v���]�š�]�}�v�X���K�v�o�Ç���‰���Œ�l��
���o���u���v�š�•���Á���Œ�����������������š�}���š�Z�����‰���Œ�l�X���t�����‰�Œ�}�‰�}�•�������À���Œ�]�}�µ�•��
solutions for other new emerging banks along the Sava 
�Z�]�À���Œ�U�� �Á�Z�]���Z�� �‰���•�•���•�� ���Ç�� �š�Z���� ���]�š�Ç�X�� �d�Z���Œ���� �Á���� ���}�u���]�v������
natural riparian vegetation, removing only damaged trees 
���v���� �•�}�u���� �v�}�v�r�v���š�]�À���� �•�‰�����]���•�X�� �d�Z�µ�•�� �Á���� ���•�š�����o�]�•�Z������ �š�Z����
�}�Œ�]�P�]�v���o���À���P���š���š�]�}�v�����o�}�v�P���š�Z�����Œ�]�À���Œ�X���/�v���}�v�����}�(���š�Z�������}���•�š���o��
towns, we proposed the planting of the evergreen oak 
(Quercus ilex�� �>�X�•�� �]�v�� �š�Z���� �•�µ�v�v�]���•�š�� ���v���� �Á�]�v���Ç�� �‰���Œ�š�•�� �}�(�� �š�Z����
���]�š�Ç�X���^�}�}�v���]�š���š�µ�Œ�v�������}�µ�š���š�}�������������À���Œ�Ç�����‰�‰�Œ�}�‰�Œ�]���š�����•�‰�����]���•�X��
�/�v�� �š�Z���� ���]�š�Ç�� �}�(�� �^�E�}�À�}�� �u���•�š�}�_�� �}�v�� �š�Z���� �u���Œ�P�]�v�� �}�(�� �š�Z���� �^�µ���r
Pannonian part of Slovenia, we had to estimate the 
condition of already existing, quite damaged promenade 
���v�����(�]�v���������‰�}�š���v�š�]���o�o�Ç���u�}�Œ�����•�µ�]�š�����o�����š�Ç�‰�����(�}�Œ���Œ���‰�o�������u���v�š�X��
�t�����Z���À�������Z�}�•���v���}�µ�Œ�����}�u���•�š�]�����•�‰�����]���•���~�����À���}�v���˜���Z���À�v�i���l��
�î�ì�í�ò�•�X�� �/�v�� �������]�š�]�}�v�� �š�}�� �š�Z���� ���}�v���Œ���š���� �‰�Œ�}�‰�}�•���o�•�U�� �Á���� ���o�•�}��
organized a workshop for workers who manage green 
surfaces where we especially highlighted the work with 
���]�š�Ç�� �š�Œ�����•�X�� �D�}�Œ���}�À���Œ�U�� �Á���� �‰���Œ�š�]���]�‰���š������ �]�v�� �À���Œ�]�}�µ�•�� �}�š�Z���Œ��
���}�v�•�µ�o�š���š�]�}�v�•�� �}�Œ�� �Á�}�Œ�l�•�Z�}�‰�•�� �}�v�� �š�Z�]�•�� �š�}�‰�]���� �~�����À���}�v�� �˜��
�Z���À�v�i���l���î�ì�í�ñ�U���•���v�}�“�l�]�����š�����o���î�ì�í�ó�•�X

DISCUSSION
In the past, very few tree species were planted in the 
���]�š�]���•�U�� ���]�š�Ç�� �‰���Œ�l�•�� �Á���Œ���� �‰���Œ�Z���‰�•�� ���v�� ���Æ�����‰�š�]�}�v�X�� �K�v�o�Ç�� �š�Á�}��
to five species were used in tree lines and other public 
�‰�o���v�š���š�]�}�v�•�X���/�v�� �š�Z���� �,�����•���µ�Œ�P���D�}�v���Œ���Z�Ç�U���Á�Z�]���Z���]�v���o�µ��������
�š�}�����Ç�[�•�� �^�o�}�À���v�]���U�� �Z�}�Œ�•���r���Z���•�š�v�µ�š�� �Á���•�� �À���Œ�Ç�� ���}�u�u�}�v�X��
�d�Z���� �Z�}�Œ�•���r���Z���•�š�v�µ�š���š�Œ������ �~Aesculus hippocastanum���>�X�•�� �]�•��
a Balkan species that came to Europe as a horticultural 
�•�‰�����]���•�� �]�v�� �š�Z���� �í�ò�æ�Ú�� �����v�š�µ�Œ�Ç�� �š�Z���v�l�•�� �š�}�� �D���š�Z�]�}�o�]�� �~�>�����l��
�î�ì�ì�ì�•�X���d�Z�����•�‰�����]���•���Á���•���(�]�Œ�•�š���À���Œ�Ç���‰�}�‰�µ�o���Œ���]�v���/�•�š���v���µ�o�����v����
later it was planted massively in the Habsburg Monarchy, 
mainly due to its fine inflorescence, large and interesting 
�o�����À���•�U�����v���U���o���•�š�����µ�š���v�}�š���o�����•�š�U���š�Z�����(�Œ�µ�]�š�X���,�}�Œ�•���r���Z���•�š�v�µ�š��
�š�Œ�����r�o�]�v���•�����Œ�����•�š�]�o�o���À���Œ�Ç�����}�u�u�}�v���]�v���^�o�}�À���v�]�����š�}�����Ç�X���/�v���š�Z����
�u�]���r�v�]�v���š�]���•�U�� �Z�}�Œ�•���r���Z���•�š�v�µ�š�� �Á���•�� ���š�š�����l������ ���Ç�� ���� �Z�}�Œ�•���r
chestnut leaf miner (Cameraria ohridella�� �����•���Z�l���� �˜��
���]�u�]���•�U���Á�Z�]���Z���•���À���Œ���o�Ç�����P�P�Œ���À���š�������š�Z�����•�š���š�����}�(���š�Z�����š�Œ�����•�X��

�d�Z���Ç�������P���v���š�}���o�}�•�����u�}�•�š���}�(���š�Z�����P�Œ�����v���o�����À���•���š�}�}���(���•�š�X�����š��
�š�Z�����•���u�����š�]�u�����Z�}�Œ�•���r���Z���•�š�v�µ�š���Á���•�����š�š�����l���������Ç���š�Z�����(�µ�v�P�µ�•��
that causes leaf blotch disease (Guignardia aesculi (Peck) 
�s�X�� ���X�� �^�š���Á���Œ�š�•�X�� �>�����(�� �u�]�v���Œ�� ���v���� �š�Z���� �(�µ�v�P�µ�•�� �š�Z�µ�•�� �•�Z�}�Œ�š���v��
�š�Z���� �À���P���š���š�]�}�v�� �‰���Œ�]�}���� �(�}�Œ�� �Z�}�Œ�•���r���Z���•�š�v�µ�š�U�� �Á�Z�]���Z�� �]�•�� ��������
�(�}�Œ�� �Ç�}�µ�v�P�� ���v���� �}�o���� �š�Œ�����•�X�� �~https://www.forestry.gov.uk/
pdf/horsechestnut.pdf/$FILE/horsechestnut.pdf�•�X�� �t���� ���}��
�v�}�š�� �Œ�����}�u�u���v���� �š�Z���� �Z�}�Œ�•���r���Z���•�š�v�µ�š�� �š�Œ������ �š�}�����Ç�� �]�v�� �v���Á��
�‰�o���v�š�]�v�P�•�� �(�}�Œ�� �š�Z���� �����}�À���r�u���v�š�]�}�v������ �Œ�����•�}�v�•�X�� �^�]�u�]�o���Œ�o�Ç�U��
the genus of a plane tree (Platanus���>�X�•���]�•���l�v�}�Á�v���(�Œ�}�u���š�Z����
�}�o�������P�������•�������š�Œ�������(�}�Œ���š�Œ�����r�o�]�v���•�U���Á�Z�]���Z���Á���•���o���š���Œ���‰�o���v�š������
�]�v�����µ�Œ�}�‰���������o�}�š�X���/�v���>�i�µ���o�i���v���U���Á�����Z���À�����š�Á�}���•�µ���Z���À���Œ�Ç���}�o����
�‰�o���v���� �š�Œ�����•�U�� �Á�Z�]���Z�� ���Œ���� �š�Z���� �Œ���u�v���v�š�•�� �}�(�� �š�Z���� �š�Á�}�r�o�]�v����
���À���v�µ���� �(�Œ�}�u�� �í�ó�ð�ð�� �~�a�u�]���� �,�Œ�]�����Œ�� �˜�� �a�µ���]���� �î�ì�í�ì�•�X�� �W�o���v����
trees are no longer the most suitable trees for planting 
today, as they are also attacked by various diseases 
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���v���� �]�v�•�����š�•�� �~�W�]�o�}�š�š�]�� �î�ì�ì�î�•�X�� �W�o���v���� �š�Œ�����•�� �]�v�� �>�i�µ���o�i���v���� ���Œ����
�‰�}�š���v�š�]���o�o�Ç���‰�o���v�š�������}�v�o�Ç���]�v���‰�o�������•���š�Z���š�����Œ�����Á���o�o�r�•�µ�‰�‰�o�]������
with water and have enough space underground, which 
�]�•���Œ���Œ�����]�v���š�Z�������]�š�Ç�X��
In the University Botanic Gardens of Ljubljana we follow 
diversity when choosing tree species, what allows us 
to create different microhabitats for different animals 
in the urban environment, as suggested by various 
authors across Europe and the world (Santomor 2002; 
Nowak 2002; Burden 2006; Eder 2006) and we have 
���o�•�}�� �•�‰�����]���o�o�Ç�� �š�Œ�����š������ �š�Z�]�•�� �]�v�� �š�Z���� ���}�}�l�� ���Ç�� �a�]�(�š���Œ�� ���š�� ���o�X��
�î�ì�í�í�X�� �/�v�� �}�µ�Œ�� �µ�Œ�����v�� ���v�À�]�Œ�}�v�u���v�š�U�� �Á���� ���Œ���� �‰�o���v�š�]�v�P�� �}�µ�Œ��
autochthonous species that are more suited to drought, 
what is also being pursued in other European cities (Eder 
�î�ì�ì�ò�•�X
In the light of the population ageing in Europe and also 
in Slovenia it is extremely important that the urban 
���v�À�]�Œ�}�v�u���v�š���������}�u���•�����•���(�Œ�]���v���o�Ç�����•���‰�}�•�•�]���o�����(�}�Œ���‰���}�‰�o���X��
In the warm part of the year, however, the residence in 
the city must be endurable, and the trees surely offer this 
�Á�]�š�Z���š�Z���]�Œ���•�Z���������~�E�}�Á���l���î�ì�ì�î�V�����µ�Œ�����v���î�ì�ì�ò�V���a�]�(�š���Œ�����š�����o�X��
�î�ì�í�í�V�� �����À���}�v�� �˜�� �Z���À�v�i���l�� �î�ì�í�ò�•�X�� ���µ�š�� �]�v�� �š�Z���� �Á�]�v�š���Œ���š�Z���Œ����
�u�µ�•�š�� ������ ���v�}�µ�P�Z�� �o�]�P�Z�š�X�� �d�Z���Œ���(�}�Œ���� �]�v�� �}�µ�Œ�� �•�š�Œ���š���P�Ç�� �]�v�� �š�Z����
vicinity of buildings and streets, we do not recommend 
planting evergreen conifers but planting deciduous tree 
�•�‰�����]���•�U�� �Á�Z�]���Z�� ���Œ���� ���o�•�}�� �������‰�š������ �š�}�� �š�Z���� ���Œ�Ç�� ���}�v���]�š�]�}�v�•�X��
When looking for suitable species, we relied on the 
ecological conditions that species have in nature and the 
�•�‰�����������}�v�•�š�Œ���]�v�š�•���]�v���š�Z�������]�š�Ç�X���t�����Z���À�����•���o�����š�������š�Z�����•�‰�����]���•��
�}�(�� �}�µ�Œ�� �l���Œ�•�š�� �r�� �^�µ���r�D�����]�š���Œ�Œ���v�����v�� �‰�Z�Ç�š�}�P���}�P�Œ���‰�Z�]�����o��
���Œ������ �r�� �Á�Z�]���Z�� ���Œ���� �������‰�š������ �š�}�� �Á���š���Œ�� �•�Z�}�Œ�š���P���•�U�� �Z�]�P�Z��
temperatures and at the same time exposure to cold and 
�•�š�Œ�}�v�P�� �v�}�Œ�š�Z�� �Á�]�v���X�� �d�Z���Ç�� ���Œ���� �š�Z���Œ���(�}�Œ���� ���o�•�}�� �Œ���•�]�•�š���v�š�� �š�}��
breaking branches in the wind what is just as important 
�]�v�����]�š�]���•�X���>�i�µ���o�i���v�����Z���•�������P�Œ�����š�������À���v�š���P�����}�À���Œ���u���v�Ç�����]�š�]���•��
throughout Europe because nature is still preserved in 
�š�Z���� �u�]�����o���� �}�(�� �š�Z���� ���]�š�Ç�X�� �d�}�����Ç�U�� �š�Z���� ���]�š�Ç�� �}�(�� �>�i�µ���o�i���v���� �Z���•��
�ð�ò�9���}�(���(�}�Œ���•�š�•�����v�����ó�ñ�9���}�(���•�µ�Œ�(�������•�����Œ�����P�Œ�����v�U���}�(���Á�Z�]���Z��
�î�ì�9�� ���Œ���� �‰�Œ�}�š�����š�����X�� ���•�� �u�µ���Z�� ���•�� �í�ò�X�ñ�9�� �}�(�� �š�Z���� �>�i�µ���o�i���v����
���Œ������ �]�•�� �o�}�����š������ �]�v�� �š�Z���� �E���š�µ�Œ���� �î�ì�ì�ì�� ���Œ������ �~���µ�“�]�v�� �î�ì�ì�ð�U��
Ljubljana European Green Capital, 2016, http://www.
greenljubljana.com/, http://ec.europa.eu/environment/
europeangreencapital/winning-cities/2016-ljubljana/�•�X��
Nevertheless, in the centre itself and in the most 
urbanised parts of the city there is always a lack of 
�P�Œ�����v�� �•�‰�������•�X�� �W�o���v�š�]�v�P�� �v���Á�� �š�Œ�����•�� �}�v�� �‰�Œ���À�]�}�µ�•�o�Ç�� ���•�‰�Z���o�š��
�•�µ�Œ�(�������•�� �]�•�� ���� �P�Œ�����š�� ���}�v�š�Œ�]���µ�š�]�}�v�� �š�}�� �š�Z���� ���]�š�Ç�X�� �/�v�� ���}�]�v�P�� �•�}��
we create new islands of greenery in the city and these 
islands play an important role in the green network of 
�š�Z���� ���]�š�Ç�� �š�Z���š�� ���}�v�v�����š�•�� �š�Z���� ���]�š�Ç�� �Á�]�š�Z�� �v���š�µ�Œ���X�� �d�Z�]�•�� �]�•�� ���o�•�}��

noted by experts in different cities in Europe (Sukopp 
�î�ì�í�í�V�� �&���Œ���l�}�À���� �˜�� �:���Œ�}�o�]�u���l�� �î�ì�í�í�V�� ���Œ���Á�o���Ç�� �î�ì�ì�ó�U�� �î�ì�í�í�V��
Godefroid 2011, https://www.forestry.gov.uk/�•�X�� �d�Œ�����•��
positively affect various factors of the environment (Wolf 
�í�õ�õ�ô�����V�����•���}���������}�����š�����o���î�ì�í�ñ�����•�����v�������À���v���Œ�����µ���������Œ�]�u����
�~�<�µ�}�����v�����^�µ�o�]�À���v���î�ì�ì�í�����U�����•�X���/�v���•�µ���Z�����v�À�]�Œ�}�v�u���v�š�•���‰���}�‰�o����
���Œ�����•�}���]���o�]�Ì�]�v�P���u�}�Œ�������v�����•�š���Ç�]�v�P���]�v���š�Z�����‰�µ���o�]�����•�‰�������X
�h�Œ�����v�� �š�Œ�����•�� �Œ���‰�Œ���•���v�š�� �š�Z���� �u���]�v�� �P�Œ�����v�� �]�v�(�Œ���•�š�Œ�µ���š�µ�Œ���X��
Due to the lack of space in the cities, the growth of 
trees is lower in comparison with the species in the 
�v���š�µ�Œ���o�� ���v�À�]�Œ�}�v�u���v�š�� �~�Y�µ�]�P�o���Ç�� �î�ì�ì�ð�•�X�� �&�}�Œ�� �š�Z�]�•�� �Œ�����•�}�v��
on the most exposed parts of Ljubljana , where the 
lack of underground space is the most acute, we select 
the species from our Karst, what proved to be a good 
�������]�•�]�}�v�X�� �/�v�� �‰�o�������•�� �Á�Z���Œ���� �š�Z���Œ���� �Á���Œ���� �v�}�� �š�Œ�����•�� �����(�}�Œ����
we created with planting a more friendly environment 
and the number of people who sit there leisurely or take 
���� �Á���o�l�U�� �Z���•�� �P�Œ�����š�o�Ç�� �]�v���Œ�����•�����X�� �/�v�� �������]�š�]�}�v�� �š�}�� �š�Z���� �v���Á��
planting in the cities of Slovenia and Ljubljana, it is also 
�]�u�‰�}�Œ�š���v�š���š�}���š���l���������Œ�����}�(���š�Z�����}�o�����š�Œ�����r�o�]�v���•�X���d�}�����Ç���u���v�Ç��
�š�Œ�����r�o�]�v���•���š�Z���š���Á���Œ�����‰�o���v�š���������(�š���Œ���š�Z�����Á���Œ���}�Œ�����À���v���o���š���Œ��
���Œ�����]�v���•�µ���Z�������•�š���š�����š�Z���š���š�Z���Ç���v���������š�}���������Œ���‰�o���������X���D���v�Ç��
authors state that on average urban trees have the age of 
up to 60 years under the best conditions (Skiera and Moll 
�í�õ�õ�î�•�U�� �}�š�Z���Œ�Á�]�•���� �š�Z���� ���P���� �]�•�� ���}�v�•�]�����Œ�����o�Ç�� �•�Z�}�Œ�š���Œ�U�� �(�Œ�}�u��
�í�õ�� �š�}�� �î�ô�� �Ç�����Œ�•�� �~�Z�}�u���v�� ���v���� �^�����š���v���� �î�ì�í�í�•�X�� �d�Z���Œ���(�}�Œ���U��
the inspection of the city trees and the proper planning 
�}�(�� �š�Z���� �Œ���•�š�}�Œ���š�]�}�v�� �‰�o���v�š�]�v�P�� �]�•�� �v�������•�•���Œ�Ç�X�� �D���v�Ç�� �(�}�Œ�u���Œ�o�Ç��
�µ�•���(�µ�o�� �•�‰�����]���•�� �v�}�� �o�}�v�P���Œ�� ���}�u���� �]�v�š�}�� ���}�v�•�]�����Œ���š�]�}�v�X��
These are some invasive species such as elf maple (Acer 
�v���P�µ�v���}���>�X�•�U���Á�Z�]���Z���Á���•���‰�o���v�š�������]�v�������o���Œ�P�������Æ�š���v�š���]�v���•�}�u����
�‰�o�������•�X�� �/�š�� �]�•�� �•�]�u�]�o���Œ�� �Á�]�š�Z�� ���� �š�Œ������ �}�(�� �Z�����À���v�� �~���]�o���v�š�Z�µ�•��
���o�š�]�•�•�]�u���� �~�D�]�o�o�X�•�� �^�Á�]�v�P�o���•�� ���v���� �•�}�u���� �}�š�Z���Œ�� �•�‰�����]���•�� �o�]�l����
princesstree (Paulownia tomentosa���~�d�Z�µ�v���•���^�š���µ���X�•�����v����
cigartree (Catalpa bignonioides�� �t���o�š�X�•�U�� �Á�Z�]���Z�� �]�v�� ���]�š�]���•��
���Œ�������o�Œ�������Ç���������}�u�]�v�P���]�v�À���•�]�À���X���d�Z���Œ���(�}�Œ���U���]�š���]�•�������š�š���Œ���š�}��
�•�Á�]�š���Z���š�}���}�š�Z���Œ���•�‰�����]���•�X�����š���š�Z�����•���u�����š�]�u���U���š�Z�����Œ�����µ��������
diversity of urban trees increases the chance of various 
diseases attack and lessens the possibility of adapting to 
���o�]�u���š���� ���Z���v�P���•�� �~�:�}�Z�v�•�š�}�v�� �˜�� �,�]�Œ�}�v�•�� �î�ì�í�ð�•�X�� ���o�š�Z�}�µ�P�Z�� �]�v��
Central Europe more than 250 different species can be 
�µ�•�������]�v���š�Z�����P�Œ�����v�����]�š�Ç���]�v�(�Œ���•�š�Œ�µ���š�µ�Œ�����~�Z�}�o�}�(�(�����š�����o�X���î�ì�ì�õ�•�U��
in many cities there is less than 5 species present and 
�š�Z���Ç�� �Œ���‰�Œ���•���v�š�� �ñ�ì�� �š�}�� �ó�ì�9�� �}�(�� ���o�o�� �µ�Œ�����v�� �š�Œ�����•�� �~�W���µ�o���]�š�� ���š��
���o�X���î�ì�ì�î�V���^�
���†�����š�����o�X���î�ì�ì�ñ�V�����º�Z�o���Œ�����š�����o�X���î�ì�ì�ó�V���:�]�u���í�õ�ô�ó�•��
�}�Œ�����À���v���i�µ�•�š�������(���Á���}�(���š�Z���•�����•�‰�����]���•���Œ���‰�Œ���•���v�š���}�À���Œ���ô�ì�9��
�}�(�� ���]�š�Ç�� �š�Œ�����•�� �~���Œ���µ�•�š���� �î�ì�í�î�•�X�� �/�v�� �E�}�Œ�š�Z�� ���u���Œ�]�����U�� �}�v�o�Ç��
two dominant genus are present in some cities (Raupp 
���š�� ���o�� �î�ì�ì�ò�•�X�� ���� �(���Á�� �u�}�Œ���� �•�‰�����]���•�� ���Œ���� �‰�Œ���•���v�š�� �}�v�o�Ç�� �]�v��
�^�}�µ�š�Z�� ���µ�Œ�}�‰���� �~�^�
���†�� ���š�� ���o�X�� �î�ì�ì�ñ�•�X�� ���o�o�� �}�(�� �š�Z���� �����}�À����
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mentioned points to the very high sensitivity of this 
green infrastructure since every new disease or pest 
that occurs on any one of these species can damage a 
�•�]�P�v�]�(�]�����v�š�� �‰���Œ�š�� �}�(�� �š�Z���� �š�Œ�����•�X�� �d�Z���� �}�����µ�Œ�Œ���v������ �}�(�� ���]�•�����•����
�}�v���š�Œ�����•���]�•���v�}�š���v���Á�X���/�v���š�Z�����o���•�š���(���Á���������������•�U���š�Z�������]�•�����•���•��
attacked elms (Ulmus�� �>�X�•�U�� �š�Z���v�� �š�Z���� �Z�}�Œ�•���r���Z���•�š�v�µ�š�•�� �~A. 
hippocastanum���>�X�•�����v�����‰�o���v�����š�Œ�����•���~Platanus���>�X�•�X�������•�‰�]�š����
�]�o�o�v���•�•���•�U���š�Z���•�����•�‰�����]���•���•�µ�Œ�À�]�À�������À���Œ�Ç���Á���o�o�X���E���Á�����]�•�����•���•��
are coming that attack common ash (Fraxinus excelsior 
�>�X�•�� �~�<���˜�o���Œ���î�ì�í�î�•�X�� �K�(�� ���}�µ�Œ�•���U�� ���v�Ç�� �}�(�� �š�Z���� �‰�o���v�š�� �•�‰�����]���•�� �]�•��
���o�Á���Ç�•�������‰�}�š���v�š�]���o���š���Œ�P���š���(�}�Œ���v���Á�����]�•�����•���•�X��
For this reason, the diversity of species in urban 
�‰�o���v�š���š�]�}�v�•�� �]�•�� ���À���v�� �u�}�Œ���� �]�u�‰�}�Œ�š���v�š�X�� �'�Œ�����š���Œ�� �‰�o���v�š��
diversity means the creation of different habitats, which 

represent a living space for different animals and this 
���}�v�•���‹�µ���v�š�o�Ç�� �u�����v�•�� �P�Œ�����š���Œ�� ���v�]�u���o�� ���]�À���Œ�•�]�š�Ç�X�� �d�Œ�����•�� �]�v��
cities need to be selected according to the ecological 
conditions and according to the economic and social 
�����v���(�]�š�•�� �(�}�Œ�� �š�Z���� ���]�š�]�Ì���v�•�� �~�a�(�š���Œ�� �î�ì�ì�í�U�� �a�]�(�š���Œ�� ���š�� ���o�� �î�ì�í�í�•�X��
The choice of only naturally grown species implies that 
these species are less adapted to climate changes (Knox 
���š�����o�X���î�ì�ì�ô�•�X���d�Z���Œ���(�}�Œ���U���]�v���>�i�µ���o�i���v�������v�����]�v���š�Z�����]�v�š���Œ�]�}�Œ���}�(��
�^�o�}�À���v�]���� �Á���� �•�š�Œ�]�À���� �š�}�� �•���o�����š�� ���Œ�}�µ�P�Z�š�r�š�}�o���Œ���v�š�� ���v���� �Z�����š�r
tolerant species for planting in the cities, which are still 
�]�v���]�P���v�}�µ�•���]�v���^�o�}�À���v�]���X���d�Z���•�������Œ�����•�‰�����]���•���(�Œ�}�u���š�Z�����<���Œ�•�š��
�~�^�µ���r�D�����]�š���Œ�Œ���v�����v���‰���Œ�š���}�(���^�o�}�À���v�]���•�U���Á�Z�]���Z�����Œ�����Á�]�v�š���Œ�r
�Z���Œ���Ç�����v�������š���š�Z�����•���u�����š�]�u�����Z�]�P�Z�o�Ç���������‰�š�������š�}�����Œ�}�µ�P�Z�š�X
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���X�U�� �Z���À�v�i���l�� ���X�U�� �^�]�u�]���� �D�X�U�� �•���o�]���� �•�X�U�� �•�]�š�v�]�l�� ���X�� �~�î�ì�í�ó�•��Dihaj 
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�ï�õ���•�š�Œ�X
�•�d�s�r�s���P�š�Œ���r�D�º�X�� �~�î�ì�ì�ô�•�� �•�µ�•���š�Ì�o�]���Z���� �d�����Z�v�]�•���Z����
Vorschriften für die Herstellung und die Einbau verbesserter 
�s���P���š���š�]�}�v�•�š�Œ���P�•���Z�]���Z�š���v�X�� �>���v�����•�Z���µ�‰�š�•�š�����š�� �D�º�v���Z���v�U��
�����µ�Œ���(���Œ���š�r�'���Œ�š���v�����µ�W�� �î�ð�� �•�š�Œ�X�� �Á�Á�Á�X���}�����v�]�v�•�š�]�š�µ�š�X�����l
�(�]�o���•�l�•�d�s�r�s���P�š�Œ���z�î�ì�ì�ô�z���v�Z���v�P�í�X�‰���(���~�i���v�µ���Œ���î�ì�í�ì�•
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Figure 3: Last renovation of streets in Ljubljana in 2018

Figure 1: Planting hole

TABLES AND FIGURES

Figure 2: New planted main street in Ljubljana
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SCIENCE CAFÉS AND FOOD SECURITY

���D���d�X���D�X���X¹�Ž�U�������>�>���d���D�X¹�U���K�>�/�s�������X²

¹ Real Jardín Botánico, CSIC, Plaza de Murillo 2, 28014 Madrid, Spain
² Real Jardín Botánico Juan Carlos I, UAH, Calle 36 s/n, Alcalá de Henares, 28805 Madrid, Spain
�Ž�����u���š�›�Œ�i���X���•�]���X���•��

ABSTRACT
The trust and expectations that citizens have placed in science compromise scientists to communicate their results in 
�������}�u�‰�Œ���Z���v�•�]���o�������v�������(�(�����š�]�À�����Á���Ç���š�}���Œ�������Z���š�Z�����‰�µ���o�]���X���^���]���v���������}�u�u�µ�v�]�����š�]�}�v���Z���•���Z�������š�}�����À�}�o�À�������v�����������‰�š���š�}���v���Á��
���}�u�u�µ�v�]�����š�]�}�v���š�Œ���v���•���]�v���Œ�������v�š���Ç�����Œ�•�X���d�Z�µ�•�U���]�š���Z���•���•�Z�]�(�š�������(�Œ�}�u�������}�v���r�Á���Ç���l�v�}�Á�o�����P�����š�Œ���v�•�(���Œ���u�}�����o���š�}�������š�Á�}�r�Á���Ç��
���]���o�}�P�µ�����u�}�����o�U���Á�Z�]���Z���‰�Œ�}�u�}�š���•���‰���Œ�š�]���]�‰���š�]�}�v�U�����v�P���P���u���v�š�����v�����]�u�‰�����š�X���/�v���š�Z�]�•���•���v�•���U���•���]���v�����������(� �•���Z���À�����������}�u����
one of the most popular tools worldwide, being one of the main ones used in the European Big Picnic (Horizon 
�î�ì�î�ì�•���‰�Œ�}�i�����š���}�v�����v�P���P�]�v�P���š�Z�����‰�µ���o�]�����}�v���(�}�}�����•�����µ�Œ�]�š�Ç�X���/�v���š�Z�]�•���•�š�µ���Ç�U���(�}�µ�Œ���•���]���v�����������(� �•�������Œ�Œ�]�������}�µ�š���Á�]�š�Z�]�v���š�Z�]�•���‰�Œ�}�i�����š��
and covering different aspects of food security (alternative supply chains, consumer decisions, food sovereignty and 
�•�µ�•�š���]�v�����o�����(�}�}���•�����Œ�����‰�Œ���•���v�š�����X���K�µ�Œ���Œ���•�µ�o�š�•���]�v���]�����š�����š�Z���š�W���~�í�•���•���]���v�����������(� �•�����Œ�������v���]�������o���š�}�}�o�����}�š�Z���š�}�����}�u�u�µ�v�]�����š����
science and to gather peoples’ views on food security considering the high level of participation in the debates (from 
�ñ�õ�9���µ�‰���š�}���í�ì�ì�9�•�V���~�î�•���š�Z���š���š�Z���Œ�����]�•�������P�Œ�}�Á�]�v�P�����}�v�����Œ�v���}�v���(�}�}�����]�•�•�µ���•���]�v���}�µ�Œ���•�}���]���š�Ç�U���Á�]�š�Z�����]�š�]�Ì���v�•�������u���v���]�v�P�������š�š���Œ��
information about food processes and how to access higher quality food, as well as having more power to influence 
present market trends by enhancing local and organic production, and (3) that the peoples’ interests and worries 
�Œ�����}�Œ�����������Œ�}�µ�v�����(�}�}�������Œ�����Œ���(�o�����š�������}�v���š�Z�����h�v�]�š�������E���š�]�}�v�[�•���^�µ�•�š���]�v�����o���������À���o�}�‰�u���v�š���'�}���o�•�U���Á�]�š�Z���P�}���o�•���í�î�U���ð�����v�����õ��
�����]�v�P���š�Z���� �u�}�•�š���Œ���o���À���v�š���š�}�� �š�Z���� �‰�µ���o�]���X���/�v�����}�v���o�µ�•�]�}�v�U���•���]���v������ �����(� �•�� ���Œ�������v�����(�(�����š�]�À���� �š�}�}�o���v�}�š���}�v�o�Ç���(�}�Œ���}�µ�š�Œ�������Z�����v����
���}�u�u�µ�v�]�����š�]�}�v�U�����µ�š�����o�•�}���(�}�Œ���Œ���•�����Œ���Z�X

KEYWORDS 
�^���]���v���������}�u�u�µ�v�]�����š�]�}�v�U���K�µ�š�Œ�������Z�U�����}�r���Œ�����š�]�}�v�U���W�µ���o�]�������������š���U���^�µ�•�š���]�v�����o���������À���o�}�‰�u���v�š���'�}���o�•��

INTRODUCTION
Science communicators face many challenges every 
day, from making science comprehensible to anyone, 
�š�}�� ���v�P���P�]�v�P�� ���]�À���Œ�•���� ���µ���]���v�����•�� �}�Œ�� �����µ�•�]�v�P�� �]�u�‰�����š�X�� �/�v�� ���v��
effort to make science communication and outreach 
more effective, science communication has emerged as a 
���]�•���]�‰�o�]�v�����Á�Z�]���Z���Z���•�����À�}�o�À�������(�Œ�}�u�������}�v���r�Á���Ç���š�Œ���v�•�u�]�•�•�]�}�v��
of knowledge model to more participatory and 
experiential engagement model, which makes a higher 
impact on individuals’ decisions and behaviours than 
���}���•���š�Z�����š�Œ���v�•�(���Œ���}�(���u���Œ�����(�����š�•���~�s���Œ�v���Œ�U���î�ì�í�ð�•�X���d�Z���Œ���(�}�Œ���U��
new and direct person to person communication tools 
have emerged over the past few decades; with science 
�����(� �•�� �Z���À�]�v�P�� �������}�u���� �}�v���� �À���Œ�Ç�� �‰�}�‰�µ�o���Œ�� �š�}�}�o�� �Á�}�Œ�o���Á�]������
�~�����(�����^���]���v�š�]�(�]�‹�µ���U���î�ì�ì�ó�•�X
�^���]���v�����������(� �•�����Œ�������À���v�š�•���š�Z���š���µ�•�µ���o�o�Ç���š���l�����‰�o���������]�v�������•�µ���o��
settings such as pubs and coffeehouses, they are open 
to everyone, and imply a face to face conversation 
�Á�]�š�Z�� �•���]���v�š�]�•�š�•�� �����}�µ�š�� ���� �‰���Œ�š�]���µ�o���Œ�� �š�}�‰�]���X�� �d�Z���Ç�� �Á���o���}�u����
people who may or may not be familiar with scientific 
���]�•���µ�•�•�]�}�v�•�U�����v�������Œ�����v�}�š�����o�µ�����u�����š�]�v�P�•���(�}�Œ���•���]���v�š�]�•�š�•�X��

The informal atmosphere encourages participation, 
���Œ�����š�]�v�P�� ���� ���Ç�v���u�]���U�� �š�Á�}�r�Á���Ç�� �]�v�š���Œ�����š�]�}�v�� �����š�Á�����v�� ����
�•���]���v�š�]�•�š�����v�����š�Z�����‰�µ���o�]���X���/�v���š�Z�]�•���Á���Ç�U���š�Z�����‰�µ���o�]���������v���u���l����
the most of this learning experience, and the scientist 
speakers can give a valuable and practical perspective 
�}�v�� �š�Z���]�Œ�� �}�Á�v�� �Á�}�Œ�l�X�� �&�µ�Œ�š�Z���Œ�u�}�Œ���U�� �š�Z���u���•�U�� �À���v�µ���•�� ���v����
���Ç�v���u�]���•�� �����v�� ������ �À���Œ�Ç�� �(�o���Æ�]���o���� �u���l�]�v�P�� �•���]���v������ �����(� �•�� ����
motivating communication tool for organizers of the 
���À���v�š�X�� �^���]���v������ �����(� �•�� ���Œ���� �}�v���� �}�(�� �š�Z���� �u���]�v�� �š�}�}�o�•�� �µ�•������ �]�v��
the Big Picnic project (Horizon 2020) both to engage the 
�‰�µ���o�]�������v�����š�}�����}�o�o�����š���Œ���o���À���v�š�������š�����]�v���(�}�}�����•�����µ�Œ�]�š�Ç�X
Food security, that is, ensuring the availability of and 
access to sufficient safe and nutritious food, has become 
���� �l���Ç�� �‰�Œ�]�}�Œ�]�š�Ç�� �š�Z���š�� �]�u�‰�����š�•�� ���o�o�� ���]�š�]�Ì���v�•�X�� �d�Z�µ�•�U�� �š�Z���� ���h��
Horizon 2020 program has identified it as a major 
���Z���o�o���v�P�����š�}���������������Œ���•�•�����X���d�Z�������]�P���W�]���v�]�����‰�Œ�}�i�����š���~�Á�Á�Á�X
���]�P�‰�]���v�]���X�v���š�•�� ���}�u�‰�Œ�]�•���•�� �í�ñ�� ���}�µ�v�š�Œ�]���•�� �Á�}�Œ�l�]�v�P�� �š�}�P���š�Z���Œ��
�š�}�� ���v�P���P���� �š�Z���� �‰�µ���o�]���� �}�v�� �(�}�}���� �•�����µ�Œ�]�š�Ç�X�� �d�Z�Œ�}�µ�P�Z�� ���� ���}�r
creation approach and public debate, it aims to enable 
the public to understand and articulate their views to 
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contribute to Responsible Research and Innovation (RRI) 
in the field of food security, with plants being the perfect 
guideline and botanic gardens a great meeting point for 
�š�Z�]�•���‰�µ�Œ�‰�}�•���X
The present study analyses the results of four science 
�����(� �•�� �����Œ�Œ�]������ �}�µ�š�� �]�v�� �D�����Œ�]���� �����š�Á�����v�� �î�ì�í�ó�� ���v���� �î�ì�í�ô��
by the Spanish partners of the Big Picnic project, that 
is, the Royal Botanic Gardens of Madrid and Alcalá de 
�,���v���Œ���•�X�� �d�Z���� �•�‰�����]�(�]���� ���]�u�•�� �}�(�� �š�Z�]�•�� �•�š�µ���Ç�� �Á���Œ���W�� �~�í�•�� �š�}��
gather information on peoples’ interests and worries 
around food security, and (2) to link these results to the 
United Nations’ Sustainable Development Goals (SDG), 
in order to contribute to the Responsible Research and 
�/�v�v�}�À���š�]�}�v���~�Z�Z�/�•���}���i�����š�]�À�����}�(���š�Z�������]�P���W�]���v�]�����‰�Œ�}�i�����š�X

MATERIAL AND METHODS
	 Co-creation of science cafés
���]�(�(���Œ���v�š�� �(�}�Œ�u���š�•�� �}�(�� �•���]���v������ �����(� �•�� �Á���Œ���� �����•�]�P�v������ ���v����
�����À���o�}�‰������ �µ�•�]�v�P�� ���� ���}�r���Œ�����š�]�}�v�� ���‰�‰�Œ�}�����Z�X�� ���]�P�W�]���v�]����
�‰���Œ�š�v���Œ�•�� �µ�•���� ���}�r���Œ�����š�]�}�v�� �š�}�� �����À���o�}�‰�� ���Æ�Z�]���]�š�]�}�v�•��
and events in collaboration with their communities 
and stakeholders, combining expertise to produce 
�Œ���o���À���v�š�� ���v���� ���v�P���P�]�v�P�� �����š�]�À�]�š�]���•�� �}�v�� �(�}�}���� �•�����µ�Œ�]�š�Ç�X�� �d�Z�]�•��
participatory process aims to create a shared ownership 
of the project, raising awareness and sensitivity beyond 
�š�Z�����•���}�‰�����}�(���š�Z�����‰�Œ�}�i�����š�X
���š���š�Z���������P�]�v�v�]�v�P���}�(���š�Z�����‰�Œ�}�i�����š���������}�r���Œ�����š�]�}�v���•���•�•�]�}�v���Á���•��
held with an advisory group of experts on a wide range of 
subjects around food security (agriculture, environment, 
�‰�}�o�]���]���•�U���]�v���µ�•�š�Œ�Ç�U�����š���X�•�X���&�Œ�}�u���š�Z�]�•���(�]�Œ�•�š���•���•�•�]�}�v�������•���Œ�]���•���}�(��
hot topics emerged and provided the starting point for 
�š�Z�����•�µ���•���‹�µ���v�š���u���š���Œ�]���o�•�U�����À���v�š�•�����v�����•���]���v�����������(� �•���š�Z���š��
�Á���Œ���� �����•�]�P�v�����X�� �������Z�� �•���]���v������ �����(� �� �Á���•�� �š�Z���v�� ���}�r���Œ�����š������
with different people (experts and general public) and 
took place in a diversity of scenarios, from the botanic 
�P���Œ�����v�•���š�}���������}�u�u�µ�v�]�š�Ç�������v�š�Œ�������v���������µ�v�]�À���Œ�•�]�š�Ç�������u�‰�µ�•�X��
�d�Z���������š���]�o�•���}�(���š�Z�����•���]���v�����������(� �•���Œ���À�]���Á�������]�v���š�Z�]�•���•�š�µ���Ç�����Œ����
�•�µ�u�u���Œ�]�Ì�������]�v���d�����o�����í�X

	 Data Analysis
Participants’ questions and comments were recorded, 
categorized, linked to the United Nations’ Sustainable 
Development Goals (SDGs) and descriptively analysed 
�µ�•�]�v�P���^�W�^�^���À�X�î�ð�X�ì
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Title Alternative food  
supply chains, are 
they possible?

A decision in  every 
spoonful: consumer 
choices

Food sovereignty Sustainable food on the  
university campus

Venue Royal Botanic Garden of 
�D�����Œ�]��

Arganzuela Community 
Centre

Royal Botanic Garden 
�}�(���D�����Œ�]��

University of Alcalá Canteen

Participants 6 speakers 
36 participants

4 speakers 
27 participants 

1 speaker 
25 participants

4 speakers 
19 participants

Theme New ways  of accessing 
food, through short-
chain distribution 
models (from producers 
to consumer).

Consumers’ 
options in their 
decisions, taking 
into consideration: 
(1) production 
methods (organic vs. 
conventional); (2) 
guarantees in organic 
certifications; (3) 
participatory guarantee 
systems, and (4) 
consumer power on 
market trends.

The ecological and 
social footprint of 
a given sample of 
everyday products 
in order to raise 
awareness of their 
impact worldwide and 
the possible solutions 
to reduce it.

Reflecting on how and why 
we make the food choices 
we make and decide how 
to better food offer in the 
university campus.

Speakers
description

A scientist on 
agroecology and rural 
�����À���o�}�‰�u���v�š�X
A representative from:
A food facilitator 
���}�u�‰���v�Ç�X
�������}�v�•�µ�u���Œ���P�Œ�}�µ�‰�X
A production and selling 
�•�}���]���o�����}�}�‰���Œ���š�]�À���X
���v�����P�Œ�]���µ�o�š�µ�Œ���o���‰���Œ�l�X
An association that 
groups together different 
���]�Œ�����š�r�š�}�r���}�v�•�µ�u���Œ��
�]�v�]�š�]���š�]�À���•�X

A scientist on 
agroecology and rural 
�����À���o�}�‰�u���v�š�X
�����•���]���v�š�]�•�š���]�v�����P�Œ�}�v�}�u�Ç�X
A specialist in organic 
certifications
An ecological produce

An expert on food 
sovereignty

University lecturer, expert in 
�Z�����o�š�Z�����v���������š�]�v�P���Z�����]�š�•�X
A university lecturer, expert 
�}�v���(�}�}�����o�������o�o�]�v�P�X
A university lecturer, expert 
�}�v���(�}�}�������v�����Z�����o�š�Z�X
An association for 
�•�µ�•�š���]�v�����o�����(�}�}�����‰�Œ�}���µ���š�]�}�v�X
A representative of a Project 
on sustainable university 
�����u�‰�µ�•���•���]�v���D�����Œ�]���X
�����(���]�Œ���š�Œ���������}�Œ�P���v�]�Ì���š�]�}�v�X
�����(�}�}�����•�µ�‰�‰�o�]���Œ�X

Dynamics Each speaker 
made a short 
presentation of their 
�š�Z���u���X���W���}�‰�o�����š�Z���v��
wrote questions and 
comments for each 
speaker on provided 
�‰���‰���Œ�•�X�����]�•���µ�•�•�]�}�v�•���Á�]�š�Z��
each speaker took place 
in turns of 15 minutes in 
�•�u���o�o���P�Œ�}�µ�‰�•�X

The discussion
 started with the 
presentation of a series 
of striking news about 
food markets, which was 
�µ�•���������•�����v���]���������Œ�����l���Œ�X��
Speakers were initially 
anonymously seated 
among the public in 
a big circle, and were 
�‰�Œ���•���v�š���������(�š���Œ�Á���Œ���•�X��
People were asked 
to write questions 
at the beginning of 
�š�Z���������(� ���Á�Z�]���Z���Á���Œ����
then launched to the 
speakers, with new 
questions that arose 
���µ�Œ�]�v�P���š�Z�������������š���X

�d�Z�]�•�������(� ���(�}�o�o�}�Á����
 the format of a 
workshop in which 
participants were 
distributed in small 
groups and had to 
discuss and analyze 
the ecological impact 
of some everyday 
�‰�Œ�}���µ���š�•�X���Z���•�µ�o�š�•���Á���Œ����
then presented to 
the rest of the group 
and all comments 
and questions were 
�Œ�����}�Œ�������X

Each speaker made a short 
presentation of their topic 
and participants were asked 
to write questions and 
comments on a board to 
contribute to the debate 
�(�}�o�o�}�Á�]�v�P�X��

Table 1:�������•���Œ�]�‰�š�]�}�v�����v�������Z���Œ�����š���Œ�]�•�š�]���•���}�(���š�Z�������]�P���W�]���v�]�����•���]���v�����������(� �•���]�v���D�����Œ�]���X
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RESULTS
�W���Œ�š�]���]�‰���v�š�•�� ���š�� �š�Z���� �(�}�µ�Œ�� �•���]���v������ �����(� �•�� �Z���o���� �]�v�� �D�����Œ�]����
contributed to the debate with 202 questions and 
���}�u�u���v�š�•�X�� �d�Z���� �‰���Œ�š�]���]�‰���š�]�}�v�� �Œ���š���� �À���Œ�]������ �����š�Á�����v��
�ñ�õ�� �t�� �í�ì�ì�9�� �����‰���v���]�v�P�� �}�v�� �š�Z���� �����(� �U�� �Á�]�š�Z�� �š�Z���� �����(� �•�� �}�v��
���o�š���Œ�v���š�]�À���� �(�}�}���� �•�µ�‰�‰�o�Ç�����Z���]�v�•���~�í�ì�ì�9���‰���Œ�š�]���]�‰���š�]�}�v�•�����v����
�(�}�}���� �•�}�À���Œ���]�P�v�š�Ç�� �~�õ�ò�9�� �‰���Œ�š�]���]�‰���š�]�}�v�•�� �����]�v�P�� �š�Z���� �u�}�•�š��
�•�µ�������•�•�(�µ�o�X
�W���Œ�š�]���]�‰���v�š�•�� �]�v�� �š�Z���� �(�]�Œ�•�š�� �•���]���v������ �����(� �� �����}�µ�š�� ���o�š���Œ�v���š�]�À����
supply chains were mainly interested in the functioning 
�}�(���š�Z���•�����u�}�����o�•���~�î�ñ�9�•�����v�����Z�}�Á���š�Z���Ç�����}�µ�o�����P���š���]�v�À�}�o�À������
�~�í�î�9�•���~�&�]�P�X���í�X���^���í�•�X�����š�š���v���]�v�P���š�}���š�Z�����v�µ�u�����Œ���}�(���‹�µ���•�š�]�}�v�•��
posed, the distribution models that received higher 
attention were the food facilitator company and the 
���P�Œ�]���µ�o�š�µ�Œ���o�� ���}�r�}�‰�� �~�î�ì�9�� �}�(�� ���o�o�� �‹�µ���•�š�]�}�v�•�� �Á���Œ���� �}�v�� �š�Z���]�Œ��
organizational issues); but when it came to enrolling in 
these initiatives it was the food facilitator company and 
the consumer group that seemed more attractive to 
�š�Z���� �‰���Œ�š�]���]�‰���v�š�•�� �~�õ�9�� �}�(�� ���o�o�� �‹�µ���•�š�]�}�v�•�� �Á���Œ���� �}�v�� ���v�Œ�}�o�o�]�v�P��
�}�v�� �š�Z���•���� �‰�Œ�}�i�����š�•�•�X�� �D�}�Œ���}�À���Œ�U�� �Z���o�(�� �š�Z���� �‹�µ���•�š�]�}�v�•�� ���v����
comments fell in the categories of market trends, 
economic and social impacts of these type of supply 
���Z���]�v�•���~�&�]�P�X���í�X���^���í�•�U���Á�]�š�Z���‹�µ���•�š�]�}�v�•���o�]�l�����^���Œ�����š�Z���Œ�������v�}�µ�P�Z��
�o�}�����o���‰�Œ�}���µ�����Œ�•���š�}�����š�š���v�����š�Z�����P�Œ�}�Á�]�v�P�������u���v���M�_�����Œ�]�•�]�v�P�X
�Z���•�µ�o�š�•�� �}�(�� �š�Z���� �•�����}�v���� �•���]���v������ �����(� �� �}�v�� ���}�v�•�µ�u���Œ�•�[��

elections and power showed that participants concerns 
focus on market trends, together with the possibility 
�}�(�� ���Z���v�P�]�v�P�� �š�Z���u�� �~�ï�ó�9�•�U�� �(�}�o�o�}�Á������ ���Ç�� �š�Z���� �µ�Œ�P���� �š�}�� �o�����Œ�v��
more about all aspects of organic production and 
�]�š�•�� �P�µ���Œ���v�š�����•�� �(�}�Œ�� ���}�v�•�µ�u���Œ�•�� �~�î�ï�9�•�� �~�&�]�P�X�� �í�X�� �^���î�•�X�� �/�v��
this sense, some participants pointed out that all the 
���}�v�š�Œ�}�À���Œ�•�Ç�� �}�v�� ���}�v�À���v�š�]�}�v���o�� �À�•�X�� �}�Œ�P���v�]���� �‰�Œ�}���µ���š�]�}�v�� �]�•��
�Œ���o���š�]�À���o�Ç���u�}�����Œ�v���•�]�v���������•���š�Z���Ç���•���]�����^�š�Z�����Á�}�Œ�o�����Z���•�������]�v�P��
�(�������]�v�P���}�Œ�P���v�]�����o�o�Ç���µ�v�š�]�o���À���Œ�Ç���Œ�������v�š�o�Ç�_�X
In relation to sustainable food in the university campus 
participants pointed out that the reasons for our decisions 
and their reflection on university menus are mainly due 
to personal habits, consumers’ lack of information and 
�u�}�Œ���� �P�o�}�����o�� �u���Œ�l���š�� �š�Œ���v���•�� �~�&�]�P�X�� �í�X�^���ï�•�X�� ���}�u�u���v�š�•�� �o�]�l����
�^�u�}�Œ���� ���Á���Œ���v���•�•�� �}�v�� �š�Z���� �•�}���]���o�� �]�u�‰�����š�� �}�(�� �}�µ�Œ���������]�•�]�}�v�•��
and not only of the feeding function is needed” illustrate 
�š�Z���•�����Œ���•�µ�o�š�•�X
�&�]�v���o�o�Ç�U���š�Z�����(�}�}�����•�}�À���Œ���]�P�v�š�Ç���•���]���v�����������(� ���Ç�]���o���������Œ���•�µ�o�š�•��
on becoming more conscious of what we eat, how it 
is produced and reducing excess packaging as a must 
�~�ò�ó�9�•�� �~�&�]�P�X�� �í�X�� �^���ð�•�X�� �^�t���� �•�Z�}�µ�o���� �P�}�� �������l�� �š�}�� ���}�v�•�µ�u�]�v�P��
�u�}�Œ�����o�}�����o�o�Ç�_�����v����� �̂��}�v�•�µ�u�������µ�o�l���‰�Œ�}���µ���š�•�_���Á���Œ�����•�}�u����
of the opinions launched by participants to tackle these 
problems, as we become more and more aware of the 
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Figure 1:�� �W���Œ�����v�š���P���� �}�(�� �����š���P�}�Œ�]�Ì������ �‰���Œ�š�]���]�‰���v�š�•�[�� �‹�µ���•�š�]�}�v�•�� ���v���� ���}�u�u���v�š�•�� �(�}�Œ�� �š�Z���� ���]�P�� �W�]���v�]���� �•���]���v������ �����(� �•�� �~�^���í�W��
���o�š���Œ�v���š�]�À�����(�}�}�����•�µ�‰�‰�o�Ç�����Z���]�v�•�V���^���î�W�����}�v�•�µ�u���Œ���������]�•�]�}�v�•�V���^���ï�W���(�}�}�����•�}�À���Œ���]�P�v�š�Ç�V���^���ð�W���(�}�}�����]�v���š�Z�����µ�v�]�À���Œ�•�]�š�Ç�•�X
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�•�}���]���o�����v�������v�À�]�Œ�}�v�u���v�š���o�����(�(�����š�•���}�(���}�µ�Œ���������]�•�]�}�v�•�X
�K�À���Œ���o�o�U�� �P�o�}�����o�� �Œ���•�µ�o�š�•�� �}�(�� ���o�o�� �(�}�µ�Œ�� �•���]���v������ �����(� �•�� �•�µ�P�P���•�š��
that citizens demand: (1) better information about 
food processes and how to access higher quality food, 
���v�����~�î�•���Z���À�]�v�P���u�}�Œ�����‰�}�Á���Œ���š�}���]�v�(�o�µ���v�������u���Œ�l���š���š�Œ���v���•�X��
These results, which represent citizens’ concerns on food 
security, align with the Sustainable Development Goals of 
the United Nations and specifically with the Responsible 
Consumption and Production goal (SDG 12) mainly, but 
also with the Quality Education (SDG 4) and the Industry, 
Innovation and Infrastructure goals���~�^���'���õ�•�X

DISCUSSION
	 Science cafés as a communication tool
�d�Z�����Œ���•�µ�o�š�•���(�Œ�}�u���}�µ�Œ���(�}�µ�Œ���•���]���v�����������(� �•���•�Z�}�Á�������š�Z���š���š�Z�]�•��
communication tool can be very effective to inform, 

Figure 2: Percentage of partipants’ questions and comments 
�]�v���Œ���o���š�]�}�v���š�}���š�Z�����^�µ�•�š���]�v�����o���������À���o�}�‰�u���v�š���'�}���o�•�X

engage and gather peoples’ views, taking into account 
�š�Z���� �Z�]�P�Z�� �o���À���o�� �}�(�� �‰���Œ�š�]���]�‰���š�]�}�v�� �����Z�]���À������ �~�µ�‰�� �š�}�� �í�ì�ì�9�•�X��
Science and technology are still valued positively 
in Europe and citizens expect a lot from scientific 
�‰�Œ�}�P�Œ���•�•�� �~���o�����•�•���v�•�U�� �î�ì�ì�ô�•�X�� �d�Z���Œ���(�}�Œ���U�� ���}�u�u�µ�v�]�����š�]�v�P��
�•���]���v�������Z���•���������}�u���������u�µ�•�š���š�}���u�����š���š�Z���]�Œ�����Æ�‰�����š���š�]�}�v�•�X��
Furthermore, communication has changed from being 
something optional to being planned and accounted 
�(�}�Œ���(�Œ�}�u���š�Z���������P�]�v�v�]�v�P���}�(�������‰�Œ�}�i�����š�X���/�v���š�Z�]�•���•���v�•���U���u���v�Ç��
research funding organizations, including the European 
Commission, now demand communication plans as part 
�}�(���(�µ�v���]�v�P�����‰�‰�o�]�����š�]�}�v�•���~�Z�]�]�•���U���î�ì�ì�ô�•�X���h�v�����Œ���š�Z�]�•���•�����v���Œ�]�}��
and taking into account the new options that have arisen 
with the Internet, new formats for science communication 
�Z���À���� �Z������ �š�}�� ������ �����À���o�}�‰�����U�� �Á�]�š�Z�� �(�������r�š�}�r�(�������� ���À���v�š�•��
�o�]�l���� �•���]���v������ �����(� �•�� �Z���À�]�v�P�� �������}�u���� �À���Œ�Ç�� �‰�}�‰�µ�o���Œ�X�� �D���v�Ç��
institutions all over the world have implemented science 
�����(� �•�� �•�µ�������•�•�(�µ�o�o�Ç�� �]�v�� �š�Z���]�Œ�� ���}�u�u�µ�v�]�����š�]�}�v�� �•���Z���u���U�� ���v����
�•�}�u���š�]�u���•�����•���‰���Œ�š���}�(���o���Œ�P���Œ�����À���v�š�•�X���/�v���������U���u���l�]�v�P���š�Z����
public take part in the interpretation of the message 
�Œ���]�•���•���š�Z���]�Œ���]�v�š���Œ���•�š���~�>���Z�Œ�����š�����o�X�U���î�ì�ì�ó�•�X

	 Food Security: views from the public
�Z���•�µ�o�š�•�� �(�Œ�}�u�� �•���]���v������ �����(� �•�� �‰�Œ�}�À�]�������� �µ�•�� �Á�]�š�Z�� ���v��
understanding of how a small sample of Spanish citizens 
�À�]���Á�� ���]�(�(���Œ���v�š�� ���•�‰�����š�•�� �}�(�� �š�Z���� �(�}�}���� �•�����µ�Œ�]�š�Ç�� ���Z���o�o���v�P���X��
Citizens demand better information about what they 
�����š�����v�����Œ���o�]�����o�����Á���Ç�•���š�}�����������•�•���•���(�������v�����v�µ�š�Œ�]�š�]�}�µ�•���(�}�}���X��
More and more consumers question food production 
practices in the food supply chain, since distances from 
the production origin have grown larger and become 
�]�v���Œ�����•�]�v�P�o�Ç���‹�µ���•�š�]�}�v�����o�����•�}�u���š�]�u���•���~�>�����d�Œ�}�������˜�������}�š�š�U��
�î�ì�ì�ì�•�X���/�v���������]�š�]�}�v�U�������v�µ�u�����Œ���}�(���(�}�}�����•�����v�����o�•���Z���À�������}�u����

to make things worse and have brought consumers to 
demand greater transparency and information on food 
�}�Œ�]�P�]�v�� �~�&���o���u���v�v�U�� �î�ì�í�ñ�•�X�� �d�Z�µ�•�U�� �u���v�Ç�� ���}�v�•�µ�u���Œ�•�� �Z���À����
�š�µ�Œ�v�������š�}�Á���Œ���•���u�}�Œ�����o�}�����o���(�}�}�����~�,�}�o�o�}�Á���Ç�����š�����o�X�U���î�ì�ì�ó�•�X��
In the USA and Europe this has led some supermarket 
chains to start selling organic and local foods to meet 
consumer demands, and an increasing number of 
���o�š���Œ�v���š�]�À���� �(�}�}���� �v���š�Á�}�Œ�l�•�� �Z���À���� ���u���Œ�P������ �~�:�}�v���•�� ���š�� ���o�X�U��
�î�ì�ì�ð�•�X�� �d�Z���•���� ���o�š���Œ�v���š�]�À���� �u�}�����o�•�� �]�v���o�µ������ �•�Z�}�Œ�š�� �•�µ�‰�‰�o�Ç��
chains, alternative food networks, local farming systems 
�}�Œ�� ���]�Œ�����š�� �•���o���•�� �~�<�v�����(�•���Ç�� ���š�� ���o�X�U�� �î�ì�í�ï���•�X�� �K�µ�Œ�� �Œ���•�µ�o�š�•�� ���Œ����
congruent with these trends, showing that consumers are 
eager to get access to more naturally produced food, but 
�•�}�u���š�]�u���•���o�����l���š�Z�����������‹�µ���š�����]�v�(�}�Œ�u���š�]�}�v�X���&�µ�Œ�š�Z���Œ�u�}�Œ���U��
many Spanish citizens are still not aware of these new 
alternatives and very often their willingness to pay for 
�}�Œ�P���v�]�������v�����o�}�����o���(�}�}�����]�•���o�}�Á���~�^�}�o���Œ�����š�����o�X�U���î�ì�ì�î�•�X���&�}�Œ���š�Z�]�•��
�Œ�����•�}�v�U���}�µ�Œ���(�]�Œ�•�š���•���]���v�����������(� ���}�v�����o�š���Œ�v���š�]�À�����(�}�}�����•�µ�‰�‰�o�Ç��
chains aimed at introducing citizens to new alternatives 
to access local and organic products that would better fit 
�š�Z���]�Œ���Á���Ç���}�(���o�]�(���V���Á�Z���Œ�����•���}�µ�Œ�������(� ���}�v�����}�v�•�µ�u���Œ�•�[�����Z�}�]�����•��
pretended to reconnect producers and consumers, 
by promoting proximity and reliability on agricultural 
�‰�Œ�����š�]�����•�����v�����(�}�}�����‰�Œ�}���µ���š�]�}�v�X
�&�}�}���� ���Z�}�]�����•�� ���Œ���� ���v�� ���u�‰�}�Á���Œ�]�v�P�� �š�}�}�o�� �(�}�Œ�� ���}�v�•�µ�u���Œ�•�X��
However, the more developed and urbanized a country 
is it becomes more disconnected to producers, less 
aware of the impact of our food choices and seem less 
�]�v�š���Œ���•�š�������]�v���u���l�]�v�P���������Z���v�P�����~�K�Æ�(���u�U���î�ì�í�ð�•�X���/�v���š�Z�]�•���•���v�•���U��
�‰���Œ�š�]���]�‰���v�š�•���]�v���}�µ�Œ���•���]���v�����������(� �•���Á���Œ�����Z�]�P�Z�o�Ç�����}�v�����Œ�v������
about global market trends and the possibility of 
changing them, although some had the tragic perception 
that citizens only react when a scandal arises in the 
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�v���Á�•�X�� ���µ�š�� �]�š�� �]�•�� �v�}�š�� �}�v�o�Ç�� ���}�Œ�‰�}�Œ���š�]�}�v�•�� ���v���� �P�}�À���Œ�v�u���v�š�•��
�š�Z���š���Z���À�����‰�}�Á���Œ���}�À���Œ���š�Z�����•�Ç�•�š���u�X�����}�v�•�µ�u���Œ�•�U���Á�]�š�Z���š�Z���]�Œ��
everyday actions of buying, cooking and eating food are 
�u�}�Œ���� �‰�}�Á���Œ�(�µ�o�� �š�Z���v�� �Á���� �u�]�P�Z�š�� �š�Z�]�v�l�X�� �t�Z���v�U�� �š�}�P���š�Z���Œ�U��
we say we want this rather than that, we become a 
�(�}�Œ�������š�Z���š�������v���š�Œ�]�P�P���Œ���š�Z�����•�Ç�•�š���u���š�}���u�����š���}�µ�Œ�������u���v���•�X��
Consumers play an important role in food security, by 
driving demand for high quality, low cost food (Kneafsey 
���š�� ���o�X�U�� �î�ì�í�ï���•�X�� �&�µ�Œ�š�Z���Œ�u�}�Œ���U�� �]�v�� �š�Z���� �o���•�š�� �������������•�� �š�Z����
Internet has increased consumer power in comparison 
with that of previous times over traditional markets, 
because (a) it overcomes many information asymmetries 
that characterize traditional consumer markets and thus 
provides higher levels of market transparency, (b) allows 
individuals to associate against companies, and (c) to take 
on a more active role in the value chain by influencing 
products and prices based on individual preferences 
�~�Z���Ì�������l�Z�•�Z�����š�����o�X�U���î�ì�ì�ò�•

	 Sustainable Development Goals
In 2015, world leaders gathered at the UN to adopt 
17 Sustainable Development Goals to set the way to 
achieve several crucial world objectives by 2030: end 

�‰�}�À���Œ�š�Ç�U�� �‰�Œ�}�u�}�š���� �‰�Œ�}�•�‰���Œ�]�š�Ç�� ���v���� �Á���o�o�r�����]�v�P�� �(�}�Œ�� ���o�o�U�� ���v����
�‰�Œ�}�š�����š�� �š�Z���� �‰�o���v���š�� �~�h�v�]�š������ �E���š�]�}�v�•�U�� �î�ì�í�ñ�•�X�� �d�Z���•���� �P�}���o�•��
aim to promote action from all sectors across the world 
(governments, businesses, foundations, academics, civil 
�•�}���]���š�Ç�� �P�Œ�}�µ�‰�•�U�� ���v�š�Œ���‰�Œ���v���µ�Œ�•�U�� ���š���X�•�X�� �&�µ�Œ�š�Z���Œ�u�}�Œ���U�� �š�Z����
proposed goals and targets can be seen as a network, in 
which links among goals exist through targets that refer 
�š�}���u�µ�o�š�]�‰�o�����P�}���o�•���~�'�Œ�]�P�P�•�����š�����o�X�U���î�ì�í�ï�•�X
By creating measurable goals, we can keep track of 
where we are doing well and where we need to do 
�����š�š���Œ�X���&�}�Œ���š�Z�]�•���Œ�����•�}�v�U���u���v�Ç���‰���}�‰�o�����Z���À�����Z�]�P�Z�o�]�P�Z�š�������š�Z����
importance of improving data collection and use around 
�š�Z���� �Á�}�Œ�o���X�� �d�Z���� �����š���� ���}�o�o�����š������ �(�Œ�}�u�� �š�Z���� �‰�µ���o�]���� �À�]���� �}�µ�Œ��
�•���]���v�����������(� �•���•�Z�}�Á�������š�Z���š���š�Z���]�Œ���]�v�š���Œ���•�š�•�����v�����Á�}�Œ�Œ�]���•�����Œ����
�Œ���(�o�����š������ �]�v�� �š�Z���� �^�µ�•�š���]�v�����o���� �����À���o�}�‰�u���v�š�� �P�}���o�•�X�� �D�}�Œ����
specifically, peoples’ views on food security fall in the 
Responsible Consumption and Production goal (SDG 12) 
mainly, but also with the Quality Education (SDG 4) and 
the Industry, Innovation and Infrastructure���P�}���o�•���~�^���'���õ�•��
�~�&�]�P�X�� �î�•�X�� ���š�š���u�‰�š�•�� ���š�� �‰�}�o�]���Ç�� �]�v�š���P�Œ���š�]�}�v�� �����Œ�}�•�•�� ���Œ�����•�� �Á�]�o�o��
have to be based on further studies of the biophysical, 
social and economic systems at appropriate scales (Le 
���o���v���U���î�ì�í�ñ�•�X

CONCLUSION
�/�v�� ���}�v���o�µ�•�]�}�v�U���•���]���v������ �����(� �•�� �Z���À���� �‰�Œ�}�À������ �š�}�� ������ ���v�� �]�������o��
tool both to communicate science and to gather peoples’ 
�À�]���Á�•�� �}�v�� �(�}�}���� �•�����µ�Œ�]�š�Ç�X�� �d�Z���Œ���� �]�•�� ���� �P�Œ�}�Á�]�v�P�� ���}�v�����Œ�v�� �}�v��
food issues in our society, with citizens demanding 
better information about food processes and how to 
access higher quality food, as well as having more power 
to influence present market trends by enhancing local 
���v���� �}�Œ�P���v�]���� �‰�Œ�}���µ���š�]�}�v�X�� �d�Z���Œ���(�}�Œ���U�� �‰���}�‰�o���•�[�� �]�v�š���Œ���•�š�•��

and worries around food are reflected on the United 
Nation’s Sustainable Development Goals, with goals 12 
(Responsible Consumption and Production), 4 (Quality 
Education�•�����v�����õ���~Industry, Innovation and Infrastructure) 
being the most relevant to the public, in order of 
�]�u�‰�}�Œ�š���v�����X�� �/�v�� ���}�v���o�µ�•�]�}�v�U�� �•���]���v������ �����(� �•�� �����v�� ������ ���v��
effective tool not only for outreach and communication, 
���µ�š�����o�•�}���(�}�Œ���Œ���•�����Œ���Z�X
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DEVELOPING AND IMPLEMENTING AN EFFECTIVE PLANT CONSERVATION PROGRAM
FOR INDIVIDUAL BOTANIC GARDENS

�W���d���Z���^�X���t�z�^�����:�����<�^�K�E

�D�]�•�•�}�µ�Œ�]�����}�š���v�]�����o���'���Œ�����v�U���W�K�����}�Æ���î�õ�õ���^�š���>�}�µ�]�•�U���D�]�•�•�}�µ�Œ�]���ò�ï�í�ò�ò�U���h�^��
�‰���š���Œ�X�Á�Ç�•���i�����l�•�}�v�›�u�}���}�š�X�}�Œ�P

ABSTRACT
�d�Z�����'�o�}�����o���^�š�Œ���š���P�Ç���(�}�Œ���W�o���v�š�����}�v�•���Œ�À���š�]�}�v���~�'�^�W���•���}�(���š�Z�����h�X�E�X�����}�v�À���v�š�]�}�v���}�v�����]�}�o�}�P�]�����o�����]�À���Œ�•�]�š�Ç���‰�Œ�}�À�]�����•�������À���o�µ�����o����
�(�Œ���u���Á�}�Œ�l�� �š�}�� �P�µ�]������ �š�Z���� �‰�o���v�š�� ���}�v�•���Œ�À���š�]�}�v�� �‰�Œ�]�}�Œ�]�š�]���•�� ���v���� �����š�]�}�v�•�� �}�(�� �������Z�� ���}�š���v�]���� �P���Œ�����v�X�� �� �t�Z�]�o���� �š�Z���� �'�^�W���� �Á���•��
���Œ�����š������ �š�}�� �‰�Œ�}�À�]������ ���v�� �]�v�š���Œ�v���š�]�}�v���o�� �}�À���Œ�r���Œ���Z�]�v�P�� �‰�o���v�� �(�}�Œ�� �‰�o���v�š�� ���}�v�•���Œ�À���š�]�}�v�� �š�Z�Œ�}�µ�P�Z�� �P�}�À���Œ�v�u���v�š�•�U�� �v���À���Œ�š�Z���o���•�•��
it has become an important reference point for the individual actions of numerous institutions, including botanic 
�P���Œ�����v�•�X�����^�}�u�����•�‰�����]�(�]�����š���Œ�P���š�•���}�(���š�Z�����'�^�W�����u���Ç���������u�}�Œ�����]�u�‰�}�Œ�š���v�š���(�}�Œ�����]�(�(���Œ���v�š�����}�š���v�]�����P���Œ�����v�•���š�Z���v���(�}�Œ���}�š�Z���Œ�•�U���]�š���]�•��
important that each botanic garden should consider their own institutional priorities and responses to local, national 
���v�����]�v�š���Œ�v���š�]�}�v���o���‰�o���v�š�����}�v�•���Œ�À���š�]�}�v���v�������•�X�����d�Z�]�•���Á�]�o�o���Z���o�‰���š�Z���u���š�}�������š���Œ�u�]�v�����Á�Z���Œ�����š�Z���]�Œ���Œ���•�}�µ�Œ�����•�������v�������������•�š���µ�•������
and help to ensure that the work of the botanic garden is coordinated effectively, rather than relying on any ad hoc 
���‰�‰�Œ�}�����Z���Á�Z���Œ�������]�(�(���Œ���v�š���•�š���(�(�����v���������‰���Œ�š�u���v�š�•�����Œ�����Œ���•�‰�}�v���]�v�P���}�Œ�������š�]�v�P���]�v���]�À�]���µ���o�o�Ç�X�������µ�]�o���]�v�P���������o�����Œ�����v�������}�Z���Œ���v�š��
�Œ���•�‰�}�v�•�����š�}���‰�o���v�š�����}�v�•���Œ�À���š�]�}�v���v�������•���]�v�š�}���š�Z�������}�š���v�]�����P���Œ�����v�[�•���•�š�Œ���š���P�]�����‰�o���v���Á�]�o�o�����o�•�}�������������À���o�µ�����o�������‰�‰�Œ�}�����Z�X
�d�Z�]�•�� �‰���‰���Œ�� ���Œ���Á�•�� �}�v�� ���Æ���u�‰�o���•�� �}�(�� �š�Z���� �‰�o���v�š�� ���}�v�•���Œ�À���š�]�}�v�� �Á�}�Œ�l�� �}�(�� �š�Z���� �D�]�•�•�}�µ�Œ�]�� ���}�š���v�]�����o�� �'���Œ�����v�X�� �� �d�Z���� ���]�u�� �]�•�� �š�}��
illustrate the approaches to plant conservation challenges being applied throughout the institution, through 
���]�(�(���Œ���v�š�������‰���Œ�š�u���v�š�•�U�����•�‰�����]���o�o�Ç���]�v���Z�}�Œ�š�]���µ�o�š�µ�Œ���U���Œ���•�����Œ���Z�U�������µ�����š�]�}�v�����v�����•�µ�•�š���]�v�����]�o�]�š�Ç�X�����d�Z�����]�u�‰�}�Œ�š���v�š�����v�����µ�v�]�‹�µ����
roles of botanic garden horticulture are highlighted, including the need for the development of exemplary data 
recording systems, documenting cultivation and propagation protocols for threatened species and implementing a 
�‰�o���v�v���������‰�‰�Œ�}�����Z���š�}���•�����µ�Œ�����š�Z�����u�}�•�š���š�Z�Œ�����š���v�������‰�Œ�]�}�Œ�]�š�Ç���‰�o���v�š�•���]�v�����}�v�•���Œ�À���š�]�}�v���‰�Œ�}�P�Œ���u�u���•�X�����E���Á�����v�����]�v�v�}�À���š�]�À����
methodologies in conservation biology research can also help to guide the achievement of valuable conservation 
results, helping to understand why particular species are threatened and what factors need to be overcome if species 
���Œ�����š�}�����������}�v�•���Œ�À���������(�(�����š�]�À���o�Ç�X�����^�}�u�����}�‰�‰�}�Œ�š�µ�v�]�š�]���•�����v�����•�š�Œ���š���P�]���•���(�}�Œ���Œ���]�•�]�v�P���(�µ�v���•�����v�������š�š�Œ�����š�]�v�P���Œ���•�}�µ�Œ�����•���(�}�Œ���‰�o���v�š��
���}�v�•���Œ�À���š�]�}�v���‰�Œ�}�P�Œ���u�u���•���]�v���]�v���]�À�]���µ���o�����}�š���v�]�����P���Œ�����v�•�����Œ�������o�•�}�����}�v�•�]�����Œ�����X
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INTRODUCTION
Over the last few decades, botanic gardens worldwide 
have increased their involvement in plant conservation 
very considerably so that today there are few regions 
anywhere in the world where botanic gardens are not 
yet contributing effectively to implementing plant 
conservation actions (Wyse Jackson and Sutherland, 
�î�ì�í�ó�V�� �t�Ç�•���� �:�����l�•�}�v�� ���v���� �^�µ�š�Z���Œ�o���v���U�� �î�ì�ì�ì�•�X�� �� �d�Z���Ç��
have been encouraged and supported in this by the 
development of major new international, national and 
other initiatives, including the Global Strategy for Plant 
���}�v�•���Œ�À���š�]�}�v���~�'�^�W���•���}�(���š�Z�����h�X�E�X�����}�v�À���v�š�]�}�v���}�v�����]�}�o�}�P�]�����o��
Diversity (CBD), national biodiversity strategies and action 
plans (that are in place for most Parties to the CBD), as 
well as through a wide variety of regional and local plant 
���}�v�•���Œ�À���š�]�}�v�����(�(�}�Œ�š�•�X�����d�Z���•�������o�o���‰�Œ�}�À�]�����������À���o�µ�����o�����P�o�}�����o��
context for each individual botanic garden’s commitment 

�š�}�� �‰�o���v�š�� ���}�v�•���Œ�À���š�]�}�v�X�� �� �d�Z���� �'�^�W���� �Z���•�� ���o�•�}�� �‰�Œ�}�À�]�������� ���v��
important framework for the specific plant conservation 
�����š�]�À�]�š�]���•���}�(���������Z���]�v���]�À�]���µ���o�����}�š���v�]�����P���Œ�����v�X
Today the botanic garden provides a remarkable and 
unrivaled global community and worldwide network of 
�]�v�•�š�]�š�µ�š�]�}�v�•�� �•�µ�‰�‰�}�Œ�š�]�v�P�� �‰�o���v�š�� ���}�v�•���Œ�À���š�]�}�v�X�� �� �t�Z�]�o���� �]�š�� �]�•��
fully recognized that there is a huge task to undertake 
if the world’s plant species and their diversity are to 
be safeguarded, and that botanic gardens cannot 
achieve success all on their own, nevertheless we 
must be optimistic that the commitment, experience, 
resources and expertise of botanic gardens for plant 
conservation can help to ensure that many, if not most, 
�}�(���š�Z�����Á�}�Œ�o���[�•���š���v�•���}�(���š�Z�}�µ�•���v���•���}�(���Z���š���Œ�]�•�l�[���‰�o���v�š���•�‰�����]���•��
can be conserved with botanic gardens’ support and 
�]�v�À�}�o�À���u���v�š�X
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While the work of any botanic garden in plant conservation 
will vary greatly, based on current conservation needs 
and priorities, and available resources, most botanic 
gardens incorporate conservation activities, including 
ex situ conservation of rare plant species or those at 
risk of extinction and plant conservation education and 
���Á���Œ���v���•�•�� �Œ���]�•�]�v�P�� �����š�]�À�]�š�]���•�X�� �� �K�š�Z���Œ�� ���}�š���v�]���� �P���Œ�����v�•��
include aspects of in situ conservation as well, such as 
managing nature reserves, other plant habitats and wild 
plant populations, monitoring threatened species, species 
�Œ�����}�À���Œ�Ç�� �����š�]�À�]�š�]���•�� ���v���� �����}�o�}�P�]�����o�� �Œ���•�š�}�Œ���š�]�}�v�X�� �� �^�}�u����
botanic gardens too have active programs in research 
relevant to plant conservation, including conservation 
biology, taxonomy, phenology, conservation genetics, 
restoration ecology, invasive species control, and other 
���Œ�����•�X���/�v���š�Z�]�•���‰���‰���Œ���•�}�u�������o���u���v�š�•���(�}�Œ�������•�µ�������•�•�(�µ�o���‰�o���v�š��
conservation programme in an individual botanic garden 
are suggested, illustrated with examples and experiences 
�(�Œ�}�u���š�Z�����D�]�•�•�}�µ�Œ�]�����}�š���v�]�����o���'���Œ�����v�X

	 The Global Strategy for Plant Conservation
As pointed out already, the Global Strategy for Plant 
Conservation (GSPC) provides a valuable framework for 
any individual botanic garden to use to guide its responses 
�š�}���‰�o���v�š�����}�v�•���Œ�À���š�]�}�v���v�������•�X�����d�Z�����'�^�W�����Á���•���(�]�Œ�•�š�������}�‰�š������
by the Parties to the Convention on Biological Diversity at 

�]�š�•���ò�æ�Ú�����}�v�(���Œ���v�������}�(���š�Z�����W���Œ�š�]���•���~���K�W�•���Z���o�����]�v���d�Z�����,���P�µ���U��
�E���š�Z���Œ�o���v���•�� �}�v�� �í�õ�æ�Ú�� ���‰�Œ�]�o�U�� �î�ì�ì�î�X�� �� �/�š�� �Á���•�� �•�µ���•���‹�µ���v�š�o�Ç��
�µ�‰�����š������ �(�}�Œ�� �š�Z���� �‰���Œ�]�}���� �î�ì�í�í�t�î�ì�î�ì�� �}�v�� �î�õ�æ�Ú�� �K���š�}�����Œ��
�î�ì�í�ì���]�v���E���P�}�Ç���U���:���‰���v�X�����d�Z�����'�^�W�����]�v���}�Œ�‰�}�Œ���š���•���������}�v���]�•����
framework of objectives and targets which aim to halt 
�š�Z���� �o�}�•�•�� �}�(�� �‰�o���v�š�� ���]�À���Œ�•�]�š�Ç�� �Á�}�Œ�o���Á�]������ ���Ç�� �î�ì�î�ì�X�� �� �/�š�•�� �(�]�À����
objectives are as follows:
�í�X	Plant diversity is well understood, documented and 

recognized; (3 targets)
�î�X	Plant diversity is urgently and effectively conserved; 

(7 targets)
�ï�X	Plant diversity is used in a sustainable and equitable 

manner; (3 targets)
�ð�X	Education and awareness about plant diversity, its 

role in sustainable livelihoods and importance to all 
life on Earth is promoted; (1 target)

�ñ�X	The capacities and public engagement necessary to 
�]�u�‰�o���u���v�š�� �š�Z���� �^�š�Œ���š���P�Ç�� �Z���À���� �������v�� �����À���o�}�‰�����X�� �~�î��
targets)

The GSPC incorporated 16 targets, of which botanic 
gardens have been identified as primary stakeholders 
�]�v�� �š�Z���� �����Z�]���À���u���v�š�� �}�(�� �ñ�ì�9�� �}�(�� �š�Z���� �š���Œ�P���š�•�U�� ���µ�š�� ���}�š���v�]����
gardens can and do contribute to progress made in all 
�í�ò���š���Œ�P���š�•�X

Objective Target

Objective I:
Plant diversity is well understood, documented and 
recognized

�d���Œ�P���š���í�W�����v���}�v�o�]�v�����(�o�}�Œ�����}�(�����o�o���l�v�}�Á�v���‰�o���v�š�•�X��

Target 2: An assessment of the conservation status 
of all known plant species, as far as possible, to guide 
���}�v�•���Œ�À���š�]�}�v�������š�]�}�v�X��

Target 3: Information, research and associated outputs, 
and methods necessary to implement the Strategy 
�����À���o�}�‰���������v�����•�Z���Œ�����X��

Objective II:
Plant diversity is urgently and effectively conserved

Target 4: At least 15 per cent of each ecological region or 
vegetation type secured through effective management 
���v���l�}�Œ���Œ���•�š�}�Œ���š�]�}�v�X��

Target 5: At least 75 per cent of the most important areas 
for plant diversity of each ecological region protected 
with effective management in place for conserving 
�‰�o���v�š�•�����v�����š�Z���]�Œ���P���v���š�]�������]�À���Œ�•�]�š�Ç�X��

Target 6: At least 75 per cent of production lands in 
each sector managed sustainably, consistent with the 
���}�v�•���Œ�À���š�]�}�v���}�(���‰�o���v�š�����]�À���Œ�•�]�š�Ç�X��

Target 7: At least 75 per cent of known threatened plant 
species conserved in situ�X��
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Objective II:
Plant diversity is urgently and effectively conserved

Target 8: At least 75 per cent of threatened plant species 
in ex situ collections, preferably in the country of origin, 
and at least 20 per cent available for recovery and 
�Œ���•�š�}�Œ���š�]�}�v���‰�Œ�}�P�Œ���u�u���•�X��

�d���Œ�P���š�� �õ�W�� �ó�ì�� �‰���Œ�� �����v�š�� �}�(�� �š�Z���� �P���v���š�]���� ���]�À���Œ�•�]�š�Ç�� �}�(��
���Œ�}�‰�•�� �]�v���o�µ���]�v�P�� �š�Z���]�Œ�� �Á�]�o���� �Œ���o���š�]�À���•�� ���v���� �}�š�Z���Œ�� �•�}���]�}�r
economically valuable plant species conserved, while 
respecting, preserving and maintaining associated 
�]�v���]�P���v�}�µ�•�����v�����o�}�����o���l�v�}�Á�o�����P���X��

Target 10: Effective management plans in place to prevent 
new biological invasions and to manage important areas 
�(�}�Œ���‰�o���v�š�����]�À���Œ�•�]�š�Ç���š�Z���š�����Œ�����]�v�À���������X��

Objective III:
Plant diversity is used in a sustainable and equitable 
manner

Target 11: No species of wild flora endangered by 
�]�v�š���Œ�v���š�]�}�v���o���š�Œ�������X��

�d���Œ�P���š�� �í�î�W�� ���o�o�� �Á�]�o���� �Z���Œ�À���•�š������ �‰�o���v�š�r�����•������ �‰�Œ�}���µ���š�•��
�•�}�µ�Œ���������•�µ�•�š���]�v�����o�Ç�X��

Target 13: Indigenous and local knowledge innovations 
and practices associated with plant resources maintained 
or increased, as appropriate, to support customary use, 
sustainable livelihoods, local food security and health 
�����Œ���X��

Objective IV:
Education and awareness about plant diversity, its role 
in sustainable livelihoods and importance to all life on 
earth is promoted

Target 14: The importance of plant diversity and the need 
for its conservation incorporated into communication, 
�����µ�����š�]�}�v�����v�����‰�µ���o�]�������Á���Œ���v���•�•���‰�Œ�}�P�Œ���u�u���•�X

Objective V:
The capacities and public engagement necessary to 
implement the Strategy have been developed 

Target 15: The number of trained people working with 
appropriate facilities sufficient according to national 
�v�������•�U���š�}�������Z�]���À�����š�Z�����š���Œ�P���š�•���}�(���š�Z�]�•���^�š�Œ���š���P�Ç�X

Target 16: Institutions, networks and partnerships for 
plant conservation established or strengthened at 
national, regional and international levels to achieve the 
�š���Œ�P���š�•���}�(���š�Z�]�•���^�š�Œ���š���P�Ç�X

Table 1: ���d�Z�����'�^�W�����K���i�����š�]�À���•�����v�����š�Z�����í�ò���š���Œ�P���š�•���(�}�Œ���š�Z�����‰���Œ�]�}�����î�ì�í�í�r�î�ì�î�ì�X

	 The Sustainable Development Agenda
The 2030 Sustainable Development Agenda, and 
the Sustainable Development Goals that the Agenda 
incorporates, was adopted by the United Nations in 
2015 also provides a valuable overarching framework to 
enable plant conservation to be included in a broader 
�����À���o�}�‰�u���v�š���o���(�Œ���u���Á�}�Œ�l�X�����d�Z�����^�µ�•�š���]�v�����o���������À���o�}�‰�u���v�š��
Goals (SDGs) have become the successors to the Millennium 
�����À���o�}�‰�u���v�š�� �'�}���o�•�� �~�D���'�•�•�X�� �� �d�Z���Ç�� �]�v���o�µ������ �í�ó�� �'�}���o�•�� ���v����
�í�ò�õ���š���Œ�P���š�•�����v�����Œ�����}�P�v�]�Ì�����š�Z�����]�v�š���Œ�r�Œ���o���š�]�}�v�•�Z�]�‰�•�������š�Á�����v��
human development and environmental, economic, social 
���v�����‰�}�o�]�š�]�����o�����}�v�š���Æ�š�X�����t�Z�]�o�����‰�o���v�š�����}�v�•���Œ�À���š�]�}�v���]�•���Œ���o���À���v�š���š�}��
the achievement of many of the SDGs, one in particular, SDG 

�í�ñ���Z�>�]�(�����}�v���>���v���[���]�•���‰���Œ�š�]���µ�o���Œ�o�Ç���Œ���o���À���v�š���š�}���‰�o���v�š�����}�v�•���Œ�À���š�]�}�v��
�~�^�Z���Œ�Œ�}���l�� ���v���� �t�Ç�•���� �:�����l�•�}�v�U�� �î�ì�í�ó�•�X�� �� �d�Z�]�•�� �P�}���o�� ���]�u�•�� �š�}��
address the sustainable management of forests, combat 
desertification, halt and reverse land degradation and halt 
�š�Z���� �o�}�•�•�� �}�(�� ���]�}���]�À���Œ�•�]�š�Ç�X�� �� �d�Z���� �^�µ�•�š���]�v�����o���� �����À���o�}�‰�u���v�š��
Agenda and its SDGs are expected to shape government 
actions in the future and it is therefore crucial that botanic 
gardens should align their efforts in plant conservation with 
�•�µ�•�š���]�v�����o���������À���o�}�‰�u���v�š�����}�v�����Œ�v�•�����v�����š�Z�]�•���P�o�}�����o�����P���v�����X����
�/�v���������U���]�š���]�•�����Æ�‰�����š�������š�Z���š���š�Z�����‰�}�•�š�r�î�ì�î�ì���P�o�}�����o�����]�}���]�À���Œ�•�]�š�Ç��
framework that is currently being negotiated through the 
���������Á�]�o�o�����o�•�}�����������o�}�•���o�Ç�����•�•�}���]���š�������Á�]�š�Z���š�Z�����^���'�•�X
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	 Background to the Missouri Botanical Garden and 
its role in plant conservation
�d�Z�����D�]�•�•�}�µ�Œ�]�����}�š���v�]�����o���'���Œ�����v���Á���•���}�‰���v�������]�v���í�ô�ñ�õ�����Ç���]�š�•��
founder, Henry Shaw, an English merchant who settled in 
�^�š���>�}�µ�]�•�U���D�]�•�•�}�µ�Œ�]���]�v���í�ô�í�õ�����v�������Œ�����š�������š�Z�����'���Œ�����v�����(�š���Œ��
�Z�]�•���Œ���š�]�Œ���u���v�š�����š���š�Z�������P�����}�(���ð�ì�X�����d�Z�����'���Œ�����v���]�•���}�v�����}�(���š�Z����
oldest botanic gardens in the United States and, since 
its creation, it has developed and maintained important 
���}�o�o�����š�]�}�v�•�� �~�o�]�À�]�v�P�� ���}�o�o�����š�]�}�v�•�U�� �Z���Œ�����Œ�]�µ�u�� ���v���� �o�]���Œ���Œ�Ç�•�X����
Currently the living collections include over 17,000 
taxa and the herbarium has incorporated in excess of 
�ó�X�ñ�� �u�]�o�o�]�}�v�� �‰�Œ���•���Œ�À������ �•�‰�����]�u���v�•�X�� �� �K�š�Z���Œ�� ���}�o�o�����š�]�}�v�•��
include a seed bank with over 2,000 accessions, a 
DNA bank with 26,000 accessions and a biocultural 
���}�o�o�����š�]�}�v�� �Á�]�š�Z�� ���‰�‰�Œ�}�Æ�]�u���š���o�Ç�� �í�U�ô�ñ�ì�� �]�š���u�•�� �]�v���o�µ�������X����
The Garden is visited by over one million people each 
year, and has the following mission: to discover and 
share knowledge about plants and their environment in 
order to preserve and enrich life�X�� �� �d�Z���� �'���Œ�����v�� �Z���•�� �Z������
extensive programmes in botanical research, notably 
in tropical botany, for many decades and has been and 
continues to be a leading institution especially involved 
�]�v���‰�o���v�š���•�Ç�•�š���u���š�]���•�����v�����š���Æ�}�v�}�u�Ç�X�����Z�������v�š���‰�Œ�}�i�����š�•���Z���À����
included major contributions to the Flora of China, Flora 
Mesoamericana, the Flora of North America, the Flora of 
Costa Rica, and many more projects particularly in Africa, 
�D�������P���•�����Œ�����v�����>���š�]�v�����u���Œ�]�����X����
The conservation programmes of the Garden 
have expanded in recent years, especially with the 
establishment and growth of a dedicated Center for 
Conservation and Sustainable Development (CCSD) 
within the Garden that includes research focus on 
species and population biology of threatened and rare 
�‰�o���v�š�� �•�‰�����]���•�� �]�v�� �š�Z���� �h�X�^�X�� ���v���� �]�v�š���Œ�v���š�]�}�v���o�o�Ç�U�� �����}�o�}�P�]�����o��
�Œ���•�š�}�Œ���š�]�}�v�U�� ���}�v�•���Œ�À���š�]�}�v�� �P���v���š�]���•�� ���v���� ���o�]�u���š���� ���Z���v�P���X����
Conservation has continued to be an important theme 
at the Missouri Botanical Garden and in recent years a 
significant expansion has been put in place to mainstream 
�‰�o���v�š�� ���}�v�•���Œ�À���š�]�}�v�� �]�v�š�}�� ���o�o�� �}�(�� �š�Z���� �'���Œ�����v�[�•�� �����š�]�À�]�š�]���•�X����
The Garden’s Strategic Plan adopted in 2015 includes 
plant conservation and its first Strategic Objective, 
closely aligning itself with the GSPC and supporting a 
growing focus on practical conservation measures being 
�]�u�‰�o���u���v�š�������]�v���š�Z�����Œ���P�]�}�v�U���]�v���š�Z�����h�X�^�X�����v�����Á�}�Œ�o���Á�]�����X����
Priority tasks at the Missouri Botanic Garden in 
conservation include:
•	 �^�����µ�Œ�]�v�P�� �š�Z���� �l�v�}�Á�o�����P���� �����•���� �t�� �•�µ�‰�‰�}�Œ�š�� �(�}�Œ�� �š�Z����

�����À���o�}�‰�u���v�š�� �}�(�� �š�Z���� �Z�t�}�Œ�o���� �&�o�}�Œ���� �K�v�o�]�v���[�� �š�}��
�]�u�‰�o���u���v�š�� �d���Œ�P���š�� �í�� �}�(�� �š�Z���� �'�^�W���X�� �� �d�Z���� �'���Œ�����v��
provides leadership and is active with a wide range 

of international partners, many of them botanic 
gardens, towards the achievement of the GSPC 
goal of having a comprehensive Flora of the World 
online by 2020 to provide a baseline of knowledge 
of the world’s plants that can be used to guide plant 
conservation efforts and an understanding of global 
�‰�o���v�š�����]�À���Œ�•�]�š�Ç�X�����d�Z�����t�}�Œ�o�����&�o�}�Œ�����K�v�o�]�v�����~�t�&�K�•���‰�}�Œ�š���o��
�]�•�����À���]�o�����o�������š���Á�Á�Á�X�Á�}�Œ�o���(�o�}�Œ���}�v�o�]�v���X�}�Œ�P�X

•	 Strengthening the conservation base of living plant 
���}�o�o�����š�]�}�v�•�� �t�� �P�Œ�}�Á�]�v�P�� ���v�� �]�v���Œ�����•�]�v�P�o�Ç�� �]�u�‰�}�Œ�š���v�š��
and diverse ex situ�� ���}�v�•���Œ�À���š�]�}�v�� ���}�o�o�����š�]�}�v�� �t�� �š�}�����Ç��
�~�^���‰�š���u�����Œ�� �î�ì�í�õ�•�� �š�Z���� �'���Œ�����v�� �u���v���P���•�� ���� �š�}�š���o��
of 1,350 species that are at risk of extinction in 
�š�Z���� �Á�]�o���X�� �� �d�Z���� �'���Œ�����v�� �Z������ �‰�Œ���À�]�}�µ�•�o�Ç�� �•���š�� ���� �š���Œ�P���š��
to achieve 700 threatened plants in the Garden’s 
living collections by 2020 but had already gone way 
�����Ç�}�v�����š�Z���š���(�]�P�µ�Œ�������Ç���î�ì�í�ô�X�����d�Z�]�•�������š�]�À�]�š�Ç���]�•�������•�]�P�v������
to make major contributions to the achievement of 
GSPC target 8 on ex situ�����}�v�•���Œ�À���š�]�}�v�X

•	 The establishment of a new Conservation Genetics 
Laboratory and program (Edwards and Wyse 
�:�����l�•�}�v�U���î�ì�í�õ�•�X���h�v�����Œ�•�š���v���]�v�P���š�Z�����P���v���š�]�������]�À���Œ�•�]�š�Ç��
of threatened plant species and their surviving 
populations is often a key to conserving many species 
���(�(�����š�]�À���o�Ç�����v�������}�u�‰�Œ���Z���v�•�]�À���o�Ç�X

•	 ���Œ�����š�]�}�v���}�(�������v���Á���^�������������v�l���t���š�Z�����‰�Œ�]�u���Œ�Ç���(�}���µ�•���}�(��
the Seed Bank is on conserving the diversity of plant 
species in the State of Missouri and surrounding 
�Œ���P�]�}�v�•�� �}�(�� �š�Z���� �h�X�^�X�� �D�]���Á���•�š�X�� �� �,�}�Á���À���Œ�U�� �•��������
accessions from other regions of the world in which 
the Garden has active collaborative research and 
���}�v�•���Œ�À���š�]�}�v���‰�Œ�}�P�Œ���u�u���•�����Œ�������o�•�}���]�v���o�µ�������X

•	 ���µ�]�o���]�v�P�� ���� �Z�•�š���š���� �}�(�� �š�Z���� ���Œ�š�[�� ���}�š���v�]���� �'���Œ�����v�� �W�o���v�š��
�Z�����}�Œ���•�� ���v���� �D���v���P���u���v�š�� �^�Ç�•�š���u�� �t�� �d�Z�]�•�� �•�Ç�•�š���u�U�� ����
���}�u�‰�µ�š���Œ�r�����•������ �Z�>�]�À�]�v�P�� ���}�o�o�����š�]�}�v�•�� �D���v���P���u���v�š��
System’ (LCMS), has continued to expand since it was 
created in the years since 2011, includes a database 
that has the capacity to prepare comprehensive 
summaries and analyses of the living collections at 
any time, as required to track data on all accessions 
�]�v�� �š�Z���� �o�]�À�]�v�P�� ���}�o�o�����š�]�}�v�•�X�� �� �d�Z���� �>���D�^�� �]�•�� �Á�����r���v�����o������
and users can locate any individual accessions in the 
collection on its website and so use it to explore the 
���}�o�o�����š�]�}�v���š�Z���u�•���o�À���•�X

•	 Increasing a focus on species recovery and ecological 
�Œ���•�š�}�Œ���š�]�}�v�� �t�� �(�}�Œ�� ���Æ���u�‰�o���U�� �š�Z���� �'���Œ�����v�� �u���]�v�š���]�v�•�� ����
�î�U�ð�ì�ì�������Œ�����l���õ�ó�ì���,�����Z�^�Z���Á���E���š�µ�Œ�����Z���•���Œ�À���[�U���•�]�š�µ���š������
30 miles (48 km) west of the main botanic garden 
�����u�‰�µ�•�X�� �� �d�Z���� �‰�µ�Œ�‰�}�•���•�� �}�(�� �š�Z�]�•�� �Z���•���Œ�À���� ���Œ���� �š�}�� �í�•��
�•�µ�‰�‰�}�Œ�š�� �v���š�µ�Œ���r�����•������ ���v�À�]�Œ�}�v�u���v�š���o�� �����µ�����š�]�}�v�U�� �î�•��
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promote native plant horticulture and 3) provide a 
�o�]�À�]�v�P�� �}�µ�š���}�}�Œ�� �o�����}�Œ���š�}�Œ�Ç�� �}�v�� �����}�o�}�P�]�����o�� �Œ���•�š�}�Œ���š�]�}�v�X����
The Reserve includes a diverse landscape of native, 
restored and created tallgrass prairies, woodlands, 
�P�o�������•�� �~�Œ�}���l�Ç�� �P�Œ���•�•�o���v���•�•�� ���v���� �Á���š�o���v���•�X�� ���� �v���š�]�À����
plant display garden, the Whitmire Wildflower 
�'���Œ�����v�U���]�v���o�µ�����•�����X�ò�ì�ì���•�‰�����]���•�����v�������]�u�•���š�}���‰�Œ�}�u�}�š����
the use of native plants in home gardens, restoration 
�‰�Œ�}�i�����š�•�����v�����}�Œ�v���u���v�š���o���Z�}�Œ�š�]���µ�o�š�µ�Œ���X

	 Elements of a successful institutional commitment 
to plant conservation
The achievement of an effective institutional 
commitment to plant conservation requires very careful 
�‰�o���v�v�]�v�P�U���Œ���•�}�µ�Œ���]�v�P�����v�����]�u�‰�o���u���v�š���š�]�}�v�X�����^�}�u�����}�(���š�Z����
key elements for developing an institutional response 
to current and future plant conservation challenges, 
commitments and responsibilities may be developed 
�µ�v�����Œ���š�Z�����(�}�o�o�}�Á�]�v�P�������š���P�}�Œ�]���•�X
�í�X	�^�š�Œ���š���P�Ç�� �t�� �����À���o�}�‰�]�v�P�� �š�Z���� ���}�u�u�]�š�u���v�š�� �Á�]�š�Z�]�v�� �š�Z����

framework of a strategic plan for the institution/
organization and determining the strategic 
�}���i�����š�]�À���•�X

�î�X	�W�o���v�v�]�v�P�� �t�� ���v�•�µ�Œ�]�v�P�� �š�Z���š�� �š�Z���� �]�v�•�š�]�š�µ�š�]�}�v�[�•�� �•�š�Œ���š���P�]����
objectives are elaborated within a carefully 
determined planning framework that highlights 
resource needs (including funding required and 
available), staff responsibilities, timelines, metrics 
���v�����š���Œ�P���š�•�����v�����Œ���‰�}�Œ�š�]�v�P���(�������������l�•�X

�ï�X	�W�Œ�]�}�Œ�]�š�]���•�� �t�� �•���š�š�]�v�P�� �‰�Œ�]�}�Œ�]�š�]���•�U�� �����Z�]���À�]�v�P�� �����Œ�}�•�•�r
institutional support for these priorities and 
���o�o�}�����š�]�v�P���Œ���•�}�µ�Œ�����•���š�}���š�Z�����š�}�‰���‰�Œ�]�}�Œ�]�š�]���•�X

�ð�X	�Z���•�}�µ�Œ���]�v�P�� �t�� ���v�•�µ�Œ�]�v�P�� �š�Z���š�� �(�µ�v���•�U�� �(�����]�o�]�š�]���•�� ���v����
capacity are in place to achieve the strategic 
�}���i�����š�]�À���•�X

�ñ�X	�h�v�����Œ�•�š���v���]�v�P�� �t�� ���µ�]�o���]�v�P�� ���� �l�v�}�Á�o�����P���� �����•���� �š�}��
support the plant conservation needs, including 
information management tools and research on 
�Œ���o���š���������}�v�•���Œ�À���š�]�}�v�����]�}�o�}�P�Ç�X

�ò�X	�/�u�‰�o���u���v�š���š�]�}�v���t�������Œ�Œ�Ç�]�v�P���}�µ�š���š�Z�����‰�o���v�š�����}�v�•���Œ�À���š�]�}�v��
projects identified and planned in an efficient and 
�š�]�u���o�Ç���u���v�v���Œ�X

�ó�X	���}�o�o�����}�Œ���š�]�}�v���t�����•�š�����o�]�•�Z�]�v�P���š�Z�������}�o�o�����}�Œ���š�]�}�v���v������������
for the successful delivery of institutional projects 
within the institution, between research, horticulture 
���v���������µ�����š�]�}�v���o�������‰���Œ�š�u���v�š�•�X�����/�š���]�•�����o�Á���Ç�•���]�u�‰�}�Œ�š���v�š��
to create or strengthen partnerships with other 
���Æ�š���Œ�v���o�� ���}���]���•�U�� �•�µ���Z�� ���•�� �o���v���r�u���v���P�]�v�P�� ���P���v���]���•�U��
funding sources, community groups, the media, 
���š���X�� �� ���o�•�}�� ���•�•���v�š�]���o�� �]�•�� �‰�µ�š�š�]�v�P�� �]�v�� �‰�o�������� ���v�Ç�� �‰���Œ�u�]�š�•��

and securing permissions required, including for 
import, export of plant material and collecting, prior 
informed consents and material transfer/acquisition 
���P�Œ�����u���v�š�•�X

	 Growing a living collection to meet conservation 
priorities
Most well established botanic gardens include legacy 
collections of living plants assembled in an often ad hoc 
�u���v�v���Œ�� �(�Œ�}�u�� ���]�À���Œ�•���� �•�}�µ�Œ�����•�X�� �� �^�}�u���š�]�u���•�� �š�Z���•���� �Z���À����
been derived from, for example i) commercial sources; 
ii) received through exchanges with other botanic 
gardens; iii) accumulated as a result of research projects 
or special interests of the staff or others associated 
with the Garden; iv) collected to meet some particular 
educational purpose, or through a wide variety of other 
�u�����v�•�X�� �� �t�Z�]�o���� �š�Z���•���� ������ �Z�}���� ���}�o�o�����š�]�}�v�•�� �Z���À���� �}�(�š���v��
resulted in remarkable and valuable assemblages of 
plants, nevertheless this approach is rarely effective 
in ensuring that all the plants are included that are 
needed for a comprehensive collection for conservation 
�‰�µ�Œ�‰�}�•���•�X�����W�o���v�v�]�v�P�����v�����]�u�‰�o���u���v�š�]�v�P���������}�Z���Œ���v�š���o�]�À�]�v�P��
collections policy for many botanic garden is, somewhat 
�•�µ�Œ�‰�Œ�]�•�]�v�P�o�Ç�U�������Œ���š�Z���Œ���Œ�������v�š�������À���o�}�‰�u���v�š�X�����E���À���Œ�š�Z���o���•�•�U��
for several decades most botanic gardens have realized 
the importance of maintaining a good record system 
to record the names, provenance (including wild origin 
�Á�Z���Œ���� �l�v�}�Á�v�•�� ���v���� �o�}�����š�]�}�v�•�� �]�v���š�Z���� �'���Œ�����v�X���� �d�Z�]�•�� �]�•�� �š�Z����
���•�•���v�������}�(���Á�Z���š���]�•�������P���v�µ�]�v�����Z���}�š���v�]�����P���Œ�����v�[�U���•���‰���Œ���š�]�v�P��
it in form and function from a park or amenity display 
�P���Œ�����v�� �Á�Z���Œ���� �•�µ���Z�� �Œ�����}�Œ���•�� ���Œ���� �Œ���Œ���o�Ç�� �u���]�v�š���]�v�����X����
�d�}�����Ç���Á�����Œ�����o�]�Ì�����š�Z���š�����Æ���u�‰�o���Œ�Ç���Œ�����}�Œ���r�l�����‰�]�v�P�����v�����š�Z����
tracking of accessions is an essential part of managing a 
�o�]�À�]�v�P�����}�o�o�����š�]�}�v���(�}�Œ���•�‰�����]���•�����}�v�•���Œ�À���š�]�}�v�X
Since 2011 the Missouri Botanical Garden has 
�����À���o�}�‰������ �]�š�•�� ���}�u�‰�µ�š���Œ�r�����•������ �>�]�À�]�v�P�� ���}�o�o�����š�]�}�v�•��
Management System (LCMS) as a tool for such tracking 
���v���� �u���v���P���u���v�š�� �}�(�� �š�Z���� �'���Œ�����v�[�•�� �o�]�À�]�v�P�� ���}�o�o�����š�]�}�v�•�X����
�d�Z�]�•�� ���µ�•�š�}�u�� ���µ�]�o�š�� �•�Ç�•�š���u�� �]�•�� �u���]�v�š���]�v������ ���•�� ���� �Á�����r�����•������
�^�Y�>�� �����š�������•���U�� �]�v�š���P�Œ���š������ �Á�]�š�Z�� �š�Z���� �'���Œ�����v�[�•�� �d�Œ�}�‰�]���}�•��
database (which provides the essential taxonomic 
�������l���}�v���� �(�}�Œ�� ���o�o�� �Œ�����}�Œ���•�•�� �~�Á�Á�Á�X�š�Œ�}�‰�]���}�•�X�}�Œ�P�•�� ���v���� �µ�•�]�v�P��
data mapped in ESRI’s (Environmental Systems Research 
Institute) ArcGIS software to manage all geographic 
data (both in the Garden and to map the origins of the 
�u���š���Œ�]���o�� �]�v�� �š�Z���� �Á�]�o���� �}�Œ�� �(�Œ�}�u�� �}�š�Z���Œ�� �•�}�µ�Œ�����•�•�X�� �� �^�]�v������ �š�Z����
�>���D�^�� �]�•�� �Á�����r�����•�����U�� �����š���� �����v�� ������ �Œ���š�Œ�]���À�����U�� �u���‰�‰������ �}�Œ��
�u���v���P������ �Á�]�š�Z�� ���� �À���Œ�]���š�Ç�� �}�(�� �]�v�š���Œ�v���š�r���}�v�v�����š������ �����À�]�����•�U��
�•�µ���Z�����•���•�u���Œ�š�‰�Z�}�v���•�U���š�����o���š�•�����v���������•�l�š�}�‰�������À�]�����•�X�����d�Z�]�•��
allows users, including the horticultural staff managing 
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the collection, to have immediate and easy access to 
�����š���X�����d�Z�����>���D�^���•�Ç�•�š���u�����o�•�}���]�v���}�Œ�‰�}�Œ���š���•���o�������o�o�]�v�P���(�}�Œ�����o�o��
accessions, including embossed labels that include the 
accession number, the plant name and the collector’s 
�v���u���� ���v���� �v�µ�u�����Œ�X�� �� �/�����v�š�]�(�]�����š�]�}�v�•�� ���v���� �À���Œ�]�(�]�����š�]�}�v�•��
of all plants in the collection are undertaken by the 
horticultural and scientific staff of the Garden and 
herbarium voucher specimens are made to provide a 
�o�}�v�P�r�š���Œ�u�� �Œ�����}�Œ���� �}�(�� �š�Z���� �]�����v�š�]�š�Ç�� �}�(�� �š�Z���� �‰�o���v�š�� �u���š���Œ�]���o�X����
The names of those people verifying each specimen is 
�Œ�����}�Œ�������X�� �� �/�v�š���Œ�‰�Œ���š���š�]�À���� �o�������o�•�� ���Œ���� ���o�•�}�� �µ�•������ �(�}�Œ�� �u���v�Ç��
plants, the simplest of which include the scientific and 
vernacular names, the native distribution of the species/
�š���Æ�}�v�� ���v���� �š�Z���� �(���u�]�o�Ç�� �š�}�� �Á�Z�]���Z�� �]�š�� �����o�}�v�P�•�X�� �� �d�Z���•���� �o�������o�•��
���Œ�����u���������]�v���š�Z�����'���Œ�����v���(�Œ�}�u���h�s���•�š�����o�����u�]���Œ�}�r�•�µ�Œ�(����������
�]�u�‰�����š�������Œ�Ç�o�]�����~�î�r�‰�o�Ç���u���š�š�����(�]�v�]�•�Z�U���í�l�í�ò���]�v���Z���š�Z�]���l�•�����v�������Œ����
���v�P�Œ���À�������Á�]�š�Z�������o���•���Œ�����v�P�Œ���À���Œ�X�����d�Z�����o�������o�•�����Œ�����P���v���Œ���š������
�(�Œ�}�u�������š�������]�Œ�����š�o�Ç�����Æ�‰�}�Œ�š�������(�Œ�}�u���š�Z�����>���D�^���•�Ç�•�š���u�X�����K�š�Z���Œ��
more extensive interpretative labels are also widely used 
in the Garden that illustrate specific information with 
several paragraphs of text about particular plants or 
�'���Œ�����v���(�����š�µ�Œ���•�����v�����š�Z���Ç���P���v���Œ���o�o�Ç���]�v���o�µ���������v���]�u���P���X
A key part of the Missouri Botanical Garden’s collections 
policy is to have rigorous prioritization of all new species 
�����‹�µ�]�•�]�š�]�}�v�•�U�� �š�}�� �u�����š�� �•�‰�����]�(�]���� �‰�Œ�]�}�Œ�]�š�]���•�X�� �� �&�}�Œ���u�}�•�š��
amongst these are to focus on plants of conservation 
concern, especially those that are threatened, rare 
or endangered, where the institution can assist with 
���}�v�•���Œ�À���š�]�}�v�� ���(�(�}�Œ�š�•�X�� �� �W�o���v�š�•�� �}�(�� ���}�v�•���Œ�À���š�]�}�v�� ���}�v�����Œ�v��
that are widely cultivated or included in many other 
���}�o�o�����š�]�}�v�•�����Œ�����š�Z���Œ���(�}�Œ�����v�}�š���Œ���P���Œ�����������•�������‰�Œ�]�}�Œ�]�š�Ç�X
Some priorities for new species acquisitions at the 
Garden are:
•	 Specific targeted collections where the Garden has a 

particular interest or expertise;
•	 Materials that comes from wild sources, where 

detailed collection data are available;
•	 Threatened and endangered species, particular those 

that have not been included in other conservation 
collections;

•	 Where the material meets geographic and taxonomic 
�]�v�š���Œ���•�š�•�U���•�µ���Z�����•���o�}�����o�o�Ç���]�v���š�Z�����h�X�^�X���u�]���r�Á���•�š�����v�����(�Œ�}�u��
countries where the Garden has close partnerships, 
active research programmes and strong links; 

•	 Material that is of value for the Garden’s decorative 
and horticultural displays;

•	 Plant species that are hardy in the St Louis region;
•	 Plants that are not invasive, especially in the current 

�}�Œ���‰�Œ�}�i�����š�������D�]�•�•�}�µ�Œ�]�����o�]�u���š���X

The Garden aims to use extensive research and data to 
���Œ�]�À�����‰�Œ�]�}�Œ�]�š�]���•�X�����&�}�Œ�����Æ���u�‰�o���U���š�}���]�����v�š�]�(�Ç���š���Æ�����]�v���v���������}�(��
conservation, data derived from IUCN and national Red 
Lists are used extensively, including valuable conservation 
�•�š���š�µ�•�������š�����(�Œ�}�u�����'���/�[�•���d�Z�Œ�����š�^�����Œ���Z���~�Z�š�š�‰�•�W�l�l�š�}�}�o�•�X���P���]�X
�}�Œ�P�l�š�Z�Œ�����š�z�•�����Œ���Z�X�‰�Z�‰�•�X�����d�}�����o���Œ�š���š�Z�����'���Œ�����v���š�}���‰�}�š���v�š�]���o��
invasiveness, a wide range of invasive species lists have 
been reviewed and incorporated into the LCMS system, 
to ensure that invasive species or their near relatives 
���Œ���� �v�}�š�� �P�Œ�}�Á�v�X�� �� �&�o�}�Œ���•�U�� �}�š�Z���Œ�� �(�o�}�Œ�]�•�š�]���� �������}�µ�v�š�•�� ���v����
inventories from many parts of the world form valuable 
sources for the development of targeted list of potential 
�‰�o���v�š�•���š�}���]�v���o�µ�������]�v���v���Á�����}�v�•���Œ�À���š�]�}�v���‰�Œ�}�P�Œ���u�u���•�X
The following are some of the data sets and methods 
that are consulted or utilized by the Missouri Botanical 
Garden in identifying priorities for adding new plants to 
the living collections for conservation purposes:
•	 Floras
•	 Inventories
•	 Weather/climate data
•	 Distribution data
•	 Ethnobotanical data
•	 Cultural data
•	 Gardening data
•	 Endemic species lists
•	 Libraries
•	 Checklists
•	 Catalogues

•	 Legislation
•	 Plant trials
•	 Cultivar registrations
•	 Plant hardiness
•	 Pests and diseases
•	 Phenological data
•	 Atlases
•	 Herbaria
•	 Journals
•	 Surveys
•	 GAP Analysis

 
���'���/�[�•�� �W�o���v�š�^�����Œ���Z�� �~�Z�š�š�‰�•�W�l�l�š�}�}�o�•�X���P���]�X�}�Œ�P�l�‰�o���v�š�z
�•�����Œ���Z�X�‰�Z�‰�•�� �‰�Œ�}�À�]�����•�� ���� �À���o�µ�����o���� �•�}�µ�Œ������ �}�(�� �����š���� �(�}�Œ��
determining whether a species or taxon is one that 
should be considered for inclusion in the Garden’s ex 
situ�� ���}�v�•���Œ�À���š�]�}�v�� �‰�Œ�}�P�Œ���u�u���X�� �� �d�Z�]�•�� �����š�������•���� �‰�Œ�}�À�]�����•��
extensive information on the whereabouts of each 
particular taxon in other ex situ collections (living 
���}�o�o�����š�]�}�v�•�����v�����•�����������v�l�•�•�X�����/�v���P���v���Œ���o�U���Á�������]�u���š�}���š���Œ�P���š��
species only that are currently known in less than five 
other ex situ�� ���}�o�o�����š�]�}�v�•�X�� �� �t���� �Z�}�‰���� �š�Z���š�� �š�Z�]�•�� �Á�]�o�o�� �Œ���•�µ�o�š��
in enhancing conservation for species and other taxa 
that have been neglected or overlooked to date and 
�Z���o�‰���š�}���(�]�o�o���P���‰�•�X�����t�������o�•�}�������o�]���À�����š�Z���š�����}�o�o�����š�]�}�v���‰�o���v�v�]�v�P��
should extend beyond reviews of one’s own institution, 
to take account of the efforts and collections of other 
botanic gardens, to avoid duplication and to promote 
close collaboration in meeting shared or complementary 
�}���i�����š�]�À���•�X����
���v�}�š�Z���Œ�� ���'���/�� �š�}�}�o�U�� �š�Z���� �'�o�}�����o�d�Œ�����^�����Œ���Z�� �~�Z�š�š�‰�•�W�l�l�š�}�}�o�•�X
���P���]�X�}�Œ�P�l�P�o�}�����o�z�š�Œ�����z�•�����Œ���Z�X�‰�Z�‰�•�U���]�•�� ���� �µ�v�]�‹�µ���� �•�}�µ�Œ������ �}�(��
�]�v�(�}�Œ�u���š�]�}�v�� �}�v�� �š�Œ������ ���]�•�š�Œ�]���µ�š�]�}�v�•�X�� �� �/�š�� ���µ�Œ�Œ���v�š�o�Ç�� �]�v���o�µ�����•��
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�����š�����}�v���š�Z�������]�•�š�Œ�]���µ�š�]�}�v���}�(���}�À���Œ���ò�ì�U�ì�ì�ì���š�Œ�����•�X�����h�•�]�v�P���•�µ���Z��
data we can generate lists of target species automatically 
�(�Œ�}�u���}�µ�Œ�������š�������•���X
It should be noted that investing in wild collected 
material of high value for conservation purposes requires 
much more time than securing plants from commercial 
�•�}�µ�Œ�����•�X�� �� �,�}�Á���À���Œ�U�� �Á�]�o���� �u���š���Œ�]���o�� �]�•�� �P���v���Œ���o�o�Ç�� �}�(�� �u�µ���Z��
greater value for conservation than material that can be 
obtained from commercial sources, and indeed often 
better than material sourced through the international 
�/�v�����Æ���^���u�]�v�µ�u���•�����������Æ���Z���v�P�����•���Z���u���X�����&�]�P�µ�Œ�����í���•�Z�}�Á�•��
the relative time involved in bringing new material into a 
�'���Œ�����v���(�Œ�}�u���š�Z���•�������]�(�(���Œ���v�š���•�}�µ�Œ�����������š���P�}�Œ�]���•�X

Figure 1: Source: Andrew Wyatt, 2018, unpublished

Collecting material from the wild is generally very complex, 
not only in locating and securing plants and propagation 
material but also in obtaining appropriate permissions 
�š�}�� ���o�o�}�Á�� �š�Z���� ���}�o�o�����š�]�v�P�� �}�(�� �‰�o���v�š�•�� �(�Œ�}�u�� �Á�]�o���� �•�}�µ�Œ�����•�X�� �� �/�š��
is essential that botanic gardens give due attention to 
building partnerships with the relevant authorities and 
other agencies who can give permission for collecting, 
especially when this includes the export and import of 
�u���š���Œ�]���o�� �����Œ�}�•�•�� �v���š�]�}�v���o�� ���}�µ�v�����Œ�]���•�X�� �� ���}�š���v�]���� �P���Œ�����v�•��
should NEVER collect material from other countries 
without having first received written permissions and 
prior informed consent from the correct and appropriate 
���µ�š�Z�}�Œ�]�š�]���•�X�����&�µ�Œ�š�Z���Œ�u�}�Œ���U���š�Z�������}�o�o�����š�]�}�v���}�(�����}�v�•���Œ�À���š�]�}�v��
material should be undertaken wherever possible with 
close partner institutions in the country or region where 
�š�Z�����‰�o���v�š���•�‰�����]���•���}�����µ�Œ�X�����/�v���š�Z�]�•���Á���Ç���]�š���•�Z�}�µ�o�����������‰�}�•�•�]���o����
�š�}�� ���•�š�����o�]�•�Z�� �u�µ�o�š�]�r�•�]�š���� ���v���� �u�µ�o�š�]�r�‰�µ�Œ�‰�}�•���� ���}�o�o�����š�]�}�v�•�U��
notably including ex situ collections in the country of 
�}�Œ�]�P�]�v�X�����d�Z�]�•�����‰�‰�Œ�}�����Z�����v�•�µ�Œ���•�����o�•�}���š�Z���š�����}�š���v�]�����P���Œ�����v�•��
�(�µ�o�o�Ç�����}�u�‰�o�Ç���Á�]�š�Z���š�Z�����‰�Œ�}�À�]�•�]�}�v�•���}�(���š�Z�����h�X�E�X�����}�v�À���v�š�]�}�v��
on Biological Diversity and its Nagoya Protocol on Access 
to Genetic Resources and the Fair and Equitable Sharing 
�}�(�������v���(�]�š�•�����Œ�]�•�]�v�P���(�Œ�}�u���š�Z���]�Œ���h�š�]�o�]�Ì���š�]�}�v�X

	 Plant Conservation and Sustainable Development
As noted above, the adoption of the 2030 Sustainable 
Development Agenda, and the Sustainable Development 
Goals provide new opportunities for botanic gardens to 
establish links between their plant conservation activities 
and sustainable development activities, particularly at 
local and community levels (Sharrock and Wyse Jackson, 
�î�ì�í�ó�•�X�� �� �,�����]�š���š�� �o�}�•�•���•�� ���v���� �‰�Œ���•�•�µ�Œ���•�� �}�v�� �Á�]�o���� �‰�o���v�š��
�‰�}�‰�µ�o���š�]�}�v�•�����Œ�����}�(�š���v�������Œ�]�À�������(�Œ�}�u���µ�v�•�µ�•�š���]�v�����o�����•�}���]�}�r
economic impacts and so conservation of wild plants and 
their habitats can rarely be achieved without seeking to 
�������Œ���•�•���š�Z���•�����]�v���]�Œ�����š���Z�µ�u���v���]�v�(�o�µ���v�����•�X
The Missouri Botanical Garden has maintained an 
extensive research and conservation programme in 
�D�������P���•�����Œ���(�}�Œ���•���À���Œ���o���������������•���~�&���š�Z�u���v�U���î�ì�í�ï�•�X���������l���Ç��
component of this work involves working at community 
levels with local people to establish and manage 
important conservation areas, which the Garden has 
helped to identify as crucial for safeguarding important 
�‰�o���v�š���Z�����]�š���š�•�����v�����‰�o���v�š�����]�À���Œ�•�]�š�Ç�X�����d�Z�����'���Œ�����v���]�•�����µ�Œ�Œ���v�š�o�Ç��
active in assisting local communities to manage 13 sites, 
���u�}�µ�v�š�]�v�P�� �š�}�� �ñ�í�ñ�U�ì�ì�ì�� �����Œ���•�� �~�î�ì�ô�U�ð�í�ï�� �Z���•�X�� �� �d�Z���•���� �•�]�š���•��
contain an estimated 3,500 plant species (one quarter of 
the flora of Madagascar), including 52 plant species that 
���Œ�����µ�v�l�v�}�Á�v���}�µ�š�•�]�������}�(���š�Z���•�����•�]�š���•�X�����/�v���������]�š�]�}�v���š�}���‰�o���v�š��
conservation importance, these sites are also valuable 
opportunities for the conservation of other biodiversity 
�š�}�}�X�����&�}�Œ�����Æ���u�‰�o���U�������š�}�š���o���}�(���ï�î���o���u�µ�Œ���•�‰�����]���•���Z���À�����������v��
�Œ�����}�Œ�������� �]�v�� �š�Z���•���� ���}�v�•���Œ�À���š�]�}�v�� �•�]�š���•�X�� �� �d�Z���� ���}�u�u�µ�v�]�š�Ç��
partnerships are only successful if local people are 
closely involved in all aspects of the management of 
�š�Z���•���� �•�]�š���•�� ���v���� �P���]�v�� �•�µ���•�š���v�š�]���o�� �����v���(�]�š�•�� �(�Œ�}�u�� �š�Z���u�X����
For example, in the Garden’s Madagascar work, local 
people are hired to assist in the management of the 
�•�]�š���•�U���]�v���o�µ���]�v�P�����•�š�����o�]�•�Z�]�v�P�����v�����u���]�v�š���]�v�]�v�P���(�]�Œ���r���Œ�����l�•�U��
removal of invasive species, providing guides for tourists, 
operating nurseries and implementing ecological 
�Œ���•�š�}�Œ���š�]�}�v���‰�Œ�}�i�����š�•�X���������Á�]�������À���Œ�]���š�Ç���}�(���‰�Œ�}�i�����š�•���š�Z���š���•�����l��
to involve the lives of the local people involved in these 
sites are implemented too and have included assistance 
in building schools and health centers, crop irrigation 
projects, agroforestry training, ecotourism initiatives, 
duckling distributions, establishing school fruit and 
vegetable gardens, fruit tree distribution, a basket 
�u���l�]�v�P�����•�•�}���]���š�]�}�v�����v�����(�]�•�Z���(���Œ�u�]�v�P���]�v�]�š�]���š�]�À���•�X
Building aspects of sustainable development into plant 
conservation projects can provide great benefits, raising 
awareness and involvement of local communities in 
�����o�]�À���Œ�]�v�P���Œ�����o�����}�v�•���Œ�À���š�]�}�v���}�µ�š���}�u���•�X
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	 Resources for plant conservation through a botanic garden
Adequately funding and resourcing a strong botanic 
garden plant conservation programme is generally a 
���Z���o�o���v�P���X�� �� �,�}�Á���À���Œ�U�� �Œ���•�}�µ�Œ�����•�� �Á�]�o�o�� �Œ���Œ���o�Ç�� ������ �•�µ�(�(�]���]���v�š��
if the plant conservation outcomes are not recognized 
as central to the strategy, objectives and priorities of 
�š�Z�����]�v�•�š�]�š�µ�š�]�}�v�X�������š���š�Z�����D�]�•�•�}�µ�Œ�]�����}�š���v�]�����o���'���Œ�����v�U���‰�o���v�š��
conservation is included as the first of four strategic 
directives of the institution (the others are the cultural 
importance of the Garden in its own region; the need 
to invest in its people and infrastructure and the 
�����Z�]���À���u���v�š���}�(���(�]�v���v���]���o���•�µ�•�š���]�v�����]�o�]�š�Ç�•�X�����d�Z�����š�Œ���v�•�(�}�Œ�u������
and increasingly sophisticated botanic garden agenda 
related to biodiversity conservation at this Garden, and 
many others too, has been heavily influenced by the 
�'�^�W���X�� �� �d�Z���� �'�^�W���� �Z���•�� �����u�}�v�•�š�Œ���š������ �š�Z���� �]�u�‰�}�Œ�š���v������ �}�(��
high level national and international policy frameworks 
to which we can link, which helps to justify our resource 
needs to governing bodies, donors and local and national 
���µ�š�Z�}�Œ�]�š�]���•�X�� �� �K�(�� ���}�µ�Œ�•���U�� ���}�v�•���Œ�À���š�]�}�v�� �Á�}�Œ�l�� �•�Z���Œ���•�� �š�Z����
botanic garden with many other priorities and activities 
but successful strategies for integrating all aspects of a 
botanic garden’s concerns can be found through careful 
�•�š�Œ���š���P�]�����‰�o���v�v�]�v�P�X
�&�µ�v���r�Œ���]�•�]�v�P���]�•�����v�����À���Œ�Ç�����Ç���š���•�l���(�}�Œ���u�}�•�š���}�(���µ�•�����v���������v��
succeed best when effective means of communicating 
�š�Z���� �u�]�•�•�]�}�v�� ���v���� �Á�}�Œ�l�� �}�(�� �š�Z���� �]�v�•�š�]�š�µ�š�]�}�v�� ���Œ���� �����À���o�}�‰�����X����
One should not overlook the importance of incorporating 
resources for plant conservation into the core costs of 
�š�Z�����]�v�•�š�]�š�µ�š�]�}�v�U���Œ���š�Z���Œ���š�Z���v���Œ���o�Ç�]�v�P���•�}�o���o�Ç���}�v���•�‰�����]���o���}�v���r
�}�(�(�� �(�µ�v���]�v�P�� �(�}�Œ�� ���}�v�•���Œ�À���š�]�}�v�� �‰�Œ�}�i�����š�•�X�� �� �/�š�� �]�•�� �À���o�µ�����o���� �š�}��
include a responsibility for achieving plant conservation 
in the mission of the botanic garden, as well as in the 
job profiles of all staff, whether they are working in 
�Z�}�Œ�š�]���µ�o�š�µ�Œ���U�� �Œ���•�����Œ���Z�U�� �����µ�����š�]�}�v�� �}�Œ�� �����u�]�v�]�•�š�Œ���š�]�}�v�X����
Building the base of support in the community is essential 
too and volunteers and member groups can become a 
wonderful asset for implementing conservation projects, 
���}�š�Z���š�Z�Œ�}�µ�P�Z���š�Z���]�Œ���À�}�o�µ�v�š�����Œ���o�����}�µ�Œ�����v�����š�Z���]�Œ�����}�v���š�]�}�v�•�X
At the Missouri Botanical Garden, private individuals 
and local foundations have generously supported 
infrastructure developments and specific plant 
conservation projects recently, such as the construction 
�}�(�������v���Á���•�š���š���r�}�(�r�š�Z���r���Œ�š���Z���Œ���Ç���‰�o���v�š���v�µ�Œ�•���Œ�Ç���Á�Z���Œ�����š���v�•��
�}�(���š�Z�}�µ�•���v���•���}�(���v���Á�����}�v�•���Œ�À���š�]�}�v���‰�o���v�š�•�������v���������Œ���]�•�����X����
Private philanthropy also played an important part in 
�•�µ�‰�‰�}�Œ�š�]�v�P���š�Z���������À���o�}�‰�u���v�š���}�(���š�Z�����'���Œ�����v�[�•���•�����������v�l�X����
The Garden’s membership of 47,000 households and 
2,000 volunteers provides a remarkable base of support 
�(�}�Œ���š�Z�����'���Œ�����v�X

	 Plant conservation and climate change
We recognize today that the increasing impact and pace 
of climate change is impacting plant conservation very 
�•�]�P�v�]�(�]�����v�š�o�Ç�X�� �� �W�o���v�š�� ���}�v�•���Œ�À���š�]�}�v�� �������}�u���•�� �•�]�P�v�]�(�]�����v�š�o�Ç��
more difficult as a result of climate change and many 
more plants will be threatened than we had previously 
�‰�Œ�����]���š�����X�� �� �d�Z���� �'�Œ���v�� �����v���Œ�]���� �������o���Œ���š�]�}�v�� �/�/�U�� �}�v�� ���o�]�u���š����
change and plant conservation provides a useful summary 
�}�v���o�]�l���o�Ç�����o�]�u���š�������Z���v�P�����]�u�‰�����š�•���}�v���‰�o���v�š�•���~�Z�š�š�‰�•�W�l�l�Á�Á�Á�X
���P���]�X�}�Œ�P�l�(�]�o���•�l���o�o�l�<���Ç�z�W�µ���o�]�����š�]�}�v�•�l�P�����������v�P�o�]�•�Z�X�‰���(�•�X
At the level of the individual botanic garden, there will be 
a growing need for each garden to assess the potential 
impact and consequences of climate change on their 
�}�‰���Œ���š�]�}�v�•�� ���v���� �š�Z���� �o�]�À�]�v�P�����}�o�o�����š�]�}�v�•�� �š�Z���Ç�� �u���v���P���X�� �� �&�}�Œ��
example, based on the best predictions on future climate 
change scenarios it is likely that many of the plants that 
are grown outdoors in most botanic gardens will change 
and that we will see substantial changes in the floras of 
�u���v�Ç���'���Œ�����v�•�X�����d�Z�]�•���Á�]�o�o���]�v���o�µ�������‰�o���v�š�•���š�Z���š�����Œ�����v�}���o�}�v�P���Œ��
suited to the changed climate of the Garden’s own 
�Œ���P�]�}�v�X�� �� �W�o���v�š�•�� �Á�Z�]���Z�� �Z���À���� �v�}�š�� �•�Z�}�Á�v�� ���v�Ç�� �š���v�����v���]���•��
to be invasive may also become so, and require to be 
�Œ���u�}�À�����X�� �� ���•�� �Á���� �Z���À���� ���o�•�}�� �•�����v�U�� �š�Z���Œ���� �]�•�� ���v�� �]�v���Œ�����•�]�v�P��
occurrence of catastrophic weather events in many 
�Œ���P�]�}�v�•�U���]�v���o�µ���]�v�P�������À���•�š���š�]�v�P���(�o�}�}���•�U���•�����r�o���À���o���Œ�]�•���•�����v����
storm surges, storms, hurricanes, tornadoes, as well as 
�µ�v�š�Ç�‰�]�����o�� �‰���Œ�]�}���•�� �}�(�� ���Œ�}�µ�P�Z�š�� ���v���� ���o�]�u���š���r�]�v�(�o�µ���v��������
�Á�]�o���(�]�Œ���•�X�� �� �K�µ�Œ�� ���}�v�(�]�����v������ �Z���•�� �������v�� �•�Z���l���v�� �š�Z���š�� �š�Z����
ex situ collections of many botanic gardens are as safe 
into the future as we might formerly have hoped and 
�����o�]���À�����X
In addition, achieving the GSPC targets has become 
even more challenging than ever before due to climate 
���Z���v�P���X�����t�����Œ�����o�]�Ì�����š�Z���š���u���v�Ç���v���š�]�À�����‰�o���v�š�•�����Œ�����v�}���o�}�v�P���Œ��
secure in their natural habitats, even within protected 
���Œ�����•�X�� �� �K�(�š���v�� �š�Z���•���� �Á�]�o�o�� ������ �š�Z�Œ�����š���v������ ���µ���� �š�}�� ���Z���v�P������
environmental conditions to which they are not suited, 
also due to loss of pollinators, the spread of new invasive 
pests and diseases, the loss of seed dispersal agents, 
���v���� �}�š�Z���Œ�� ���o�]�u���š���r�]�v�(�o�µ���v�������� �(�����š�}�Œ�•�X�� �� �/�š�� �]�•�� �š�Z���Œ���(�}�Œ����
important that botanic gardens factor in the impact of 
climate change into their own institutional planning, their 
living collections priorities and into the ways in which 
they communicate their needs and priorities to their 
�À�]�•�]�š�}�Œ�•�����v�����•�š���l���Z�}�o�����Œ�•�X�������À���o�}�‰�]�v�P�����o�}�•�����‰���Œ�š�v���Œ�•�Z�]�‰�•��
with other botanic gardens are important where back up 
���}�o�o�����š�]�}�v�•���}�(�����}�v�•���Œ�À���š�]�}�v�����}�o�o�����š�]�}�v�•�������v���������Z���o���X
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	 A contemporary approach to plant conservation
The remarkable development of botanic gardens over the 
last few decades has helped to transform their approach 
�š�}�� �‰�o���v�š�� ���}�v�•���Œ�À���š�]�}�v�X�� �� �t�Z�]�o����ex situ conservation (in 
living collections, seedbanks and tissue collections) 
remains foundational to their approach, there has been 
�����P�Œ�}�Á�]�v�P���•�}�‰�Z�]�•�š�]�����š�]�}�v���]�v���u���š�Z�}���}�o�}�P�]���•�����‰�‰�o�]�����X�����d�Z�]�•��
has included much more focus on documenting and 
tracking the genetic diversity of the plants with which 
they are concerned, applying an approach that aims to 
conserve and understand plant diversity at all levels, 
including genetic diversity, individual plants, populations, 
�•�‰�����]���•�����v�����š�Z���]�Œ���Œ�}�o�����}�Œ���‰�o���������]�v���(�µ�v���š�]�}�v�]�v�P�������}�•�Ç�•�š���u�•�X����
Such an approach had required considerable new 
investment in research, particularly in conservation 
���]�}�o�}�P�Ç�X�� �� ���}�v�•���Œ�À���š�]�}�v�� �P���v���š�]���•�� �Z���•�� �������}�u���� ���� �(�Œ�µ�]�š�(�µ�o��
research direction for some botanic gardens and is 
expected to grow in importance (Edwards and Wyse 
�:�����l�•�}�v�U���î�ì�í�õ�•�X
New awareness has grown of the importance of 
indigenous and local knowledge of plants, as well 
as innovations and practices associated with plant 
resources, with awareness of the value of such 
knowledge to support customary uses, sustainable 
�o�]�À���o�]�Z�}�}���•�U���o�}�����o���(�}�}�����•�����µ�Œ�]�š�Ç�����v�����Z�����o�š�Z�������Œ���X���Z���•�����Œ���Z��
�]�v�� ���š�Z�v�}���}�š���v�Ç�� �]�•�� ���� �À���o�µ�����o���� �‰�o���v�š�� ���}�v�•���Œ�À���š�]�}�v�r�Œ���o���š������

���Œ������ �(�}�Œ�� �•���]���v�š�]�(�]���� �]�v�À���•�š�]�P���š�]�}�v�X�� �� �D���v�Ç�� ���}�š���v�]���� �P���Œ�����v�•��
now include biocultural collections of artifacts which can 
be useful for educational displays and for research (Salick 
���š�����o�U���î�ì�í�ï�•�X
�K�š�Z���Œ�� �š�Œ�����]�š�]�}�v���o�� ���v���� �v�}�v�r�š�Œ�����]�š�]�}�v���o�� �Œ���•�����Œ���Z�� ���Œ�����•�� �š�}��
support plant conservation through individual botanic 
�P���Œ�����v�•�����Œ���W���š���Æ�}�v�}�u�Ç���~�(�}�Œ�����Æ���u�‰�o���U���u���v�Ç���}�(���š�Z�������X�î�ì�ì��
plant species newly discovered and described by the 
Missouri Botanical Garden’s scientific staff each year are 
found to be threatened species); restoration ecology; 
phenology; horticultural research on propagation, 
cultivation, seed biology and storage and in situ 
���}�v�•���Œ�À���š�]�}�v�U���Œ���•�š�}�Œ���š�]�}�v�����v�����Œ�����}�À���Œ�Ç���u���š�Z�}���•�X
It is clear that to be truly effective in plant conservation 
an individual botanic garden needs to mobilize and 
apply its diverse teams and expertise in horticulture, 
science, education, restoration, advocacy, knowledge 
�u���v���P���u���v�š�U�������u�]�v�]�•�š�Œ���š�]�}�v�� ���v���� ���}�u�u�µ�v�]�š�Ç���}�µ�š�Œ�������Z�X����
The key to success will be continued committed 
institutional and network responses to the plant 
conservation challenges we face, the implementation 
of strategic, planned and coordinated approaches and 
�������]�����š������ �]�v���]�À�]���µ���o�•�� ���v���� �o���������Œ�•�Z�]�‰�X���� �d�Z���� �Á�}�Œ�o���� �v�������•��
botanic gardens to be successful in this work today, even 
�u�}�Œ�����š�Z���v�����À���Œ�������(�}�Œ���X
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�ù�h�D�Z���/�^�z�������/�v�•�š�]�š�µ�š���������^�Ç�•�š� �u���š�]�‹�µ���U�����À�}�o�µ�š�]�}�v�U�����]�}���]�À���Œ�•�]�š� �X
�u���]�š���X�����o�u���•�›�u�v�Z�v�X�(�Œ�V�������v�]�•�X�o���Œ�‰�]�v�›�u�v�Z�v�X�(�Œ�V���•���Œ�P���X�u�µ�o�o���Œ�›�u�v�Z�v�X�(�Œ

ABSTRACT
Biodiversity in Metropolitan France cannot be compared to that of the tropics but through the variety of the terrestrial 
and marine biomes held in its Overseas Departments, Countries and Territories (ODCT), from the Northern Boreal 
�~�^���]�v�š�r�W�]���Œ�Œ���r���š�r�D�]�‹�µ���o�}�v�•�� �š�}�� �^�}�µ�š�Z���Œ�v�� �^�µ���� ���v�š���Œ���š�]���� �~�d�����&�•�U�� �š�Z�Œ�}�µ�P�Z�� �š�Z���� �š�Œ�}�‰�]�����o�� �Ì�}�v���•�� �}�(�� �š�Z�Œ������ �P�Œ�����š�� �}�������v�•�U�� �]�š��
�‰�Œ���•���v�š�•�������Œ���u���Œ�l�����o�������]�}�o�}�P�]�����o�����]�À���Œ�•�]�š�Ç�X���d�Z�]�•���‰�}�•�]�š�]�}�v�•���&�Œ���v���������•���š�Z�����u�}�•�š�����]�}���]�À���Œ�•�������}�µ�v�š�Œ�Ç���]�v�����µ�Œ�}�‰�����P�]�À�]�v�P���]�š������
�P�Œ�����š���Œ���•�‰�}�v�•�]���]�o�]�š�Ç�X
The first part of the presentation describes how France is implementing targets 1, 2, 5, and 7 of the Global Strategy 
�(�}�Œ���W�o���v�š�����}�v�•���Œ�À���š�]�}�v���]�v���]�š�•���K�����d�X���/�š���š�Z���v���(�}���µ�•���•�� �}�v���š�Á�}���&�Œ���v���Z�������‰���Œ�š�u���v�š�•���}�(�� �š�Z���� �/�v���]���v���K�������v�W���Z���µ�v�]�}�v�����v����
�D���Ç�}�š�š���U���Á�Z���Œ�������]�}���]�À���Œ�•�]�š�Ç���Z���•���������v���Á���o�o�����Æ�‰�o�}�Œ�����X��
It presents the current in and ex situ conservation programs and action plans that are already in place in these two 
�����‰���Œ�š�u���v�š�•�X���>�}�}�l�]�v�P���u�}�Œ�����‰�Œ�����]�•���o�Ç�����š���š���Œ�P���š���ô�U���]�š�����v���o�Ç�Ì���•�U���µ�•�]�v�P���š�Z�������'���/���W�o���v�š�^�����Œ���Z���š�}�}�o�U���š�Z�����Œ���‰�Œ���•���v�š���š�]�À���v���•�•��
of the CR and EN threatened flora maintained in ex situ collections, botanical conservatories, botanical gardens and 
�•�������������v�l�•���]�v���š�Z���•���������‰���Œ�š�u���v�š�•���}�Œ���]�v���}�š�Z���Œ���o�}�����š�]�}�v�•���Á�]�š�Z�]�v���}�Œ���}�µ�š�•�]�������&�Œ���v�����X��
�������}�Œ���]�v�P���š�}���š�Z�����o���š���•�š���/�h���E���o�]�•�š�•�U���š�Z�����(�o�}�Œ�����}�(���Z���µ�v�]�}�v���/�•�o���v�����]�v���o�µ�����•���õ�í���š���Æ�����š�Z���š�����Œ�����Œ���š���������Z�����v�����ô�ì�����E�U�����v�����(�}�Œ���D���Ç�}�š�š����
�ï�ò�����Z�����v�����ð�í�����E�X���d�Z�]�•���•�š�µ���Ç���•�Z�}�Á�����•���•���š�Z�����‰���Œ�����v�š���P�����}�(�����Œ�]�š�]�����o�o�Ç�����v�����v�P���Œ���������v�������v�����v�P���Œ�������š���Æ�����š�Z���š�����Œ�����u���]�v�š���]�v�������]�v��
ex situ collections, showing where they are held and by obtaining information on the accession data of the species of special 
���}�v�����Œ�v���Z���o�‰�•���š�}���]�����v�š�]�(�Ç���Á�Z���š���‰���Œ�����v�š���P�������}�µ�o���������������š�µ���o�o�Ç���µ�•�������(�}�Œ���Œ�����}�À���Œ�Ç�����v�����Œ���•�š�}�Œ���š�]�}�v���‰�Œ�}�P�Œ���u�•�X
When fully implemented, in Metropolitan France and in the French ODCT, the array of programs and action plans set 
up for the implementation of the Global Strategy for Plant Conservation, the Aichi targets 12 and 15 of the Sustainable 
�����À���o�}�‰�u���v�š���P�}���o�•���•�Z�}�µ�o�������o�o�}�Á���š�}�����v�•�µ�Œ�����š�Z�����‰�Œ���•���Œ�À���š�]�}�v���}�(���š�Z�����š�Z�Œ�����š���v�������•�‰�����]���•���]�v���š�Z���]�Œ���v���š�µ�Œ���o���Z�����]�š���š�•�X
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INTRODUCTION
���µ�Œ�]�v�P�� �š�Z���� �����Œ�š�Z�� �^�µ�u�u�]�š�� �]�v�� �í�õ�õ�î�U�� �š�Z���� �]�v�š���Œ�v���š�]�}�v���o��
community agreed upon a strategy to halt the loss of the 
biological diversity, aiming at ensuring its conservation, 
the sustainable use of its components and the fair and 
equitable sharing of benefits arising from the use of 
�š�Z���� �P���v���š�]���� �Œ���•�}�µ�Œ�����•�X�� �d�Z���� ���}�v�À���v�š�]�}�v�� �}�v�� ���]�}�o�}�P�]�����o��
���]�À���Œ�•�]�š�Ç���~�������•�����v�š���Œ�������]�v�š�}���(�}�Œ�������}�v���î�õ�����������u�����Œ���í�õ�õ�ï��
���v�����&�Œ���v�������Œ���š�]�(�]�������š�Z�������}�v�À���v�š�]�}�v���]�v���^���‰�š���u�����Œ���í�õ�õ�ð�X
The Convention is implemented through a Strategic 
�W�o���v�� �(�}�Œ�� ���]�}���]�À���Œ�•�]�š�Ç�� �Á�Z�]���Z�� �Á���•�� �Œ�����}�v���µ���š������ �]�v�� �î�ì�í�ì�X��
�d�Z���� �v���Á�� �^�š�Œ���š���P�]���� �W�o���v�� �(�}�Œ�� ���]�}���]�À���Œ�•�]�š�Ç�� �î�ì�í�í�r�î�ì�î�ì�� ���v����
its Aichi targets were adopted in Nagoya, Japan during 
���}�v�À���v�š�]�}�v�[�•���í�ì�æ�Ú�����}�v�(���Œ���v�������}�(���š�Z�����W���Œ�š�]���•���~���K�W�í�ì�•�X

The European Union (EU), a party to the convention 
�•�]�v�������D���Œ���Z���í�õ�õ�ð�U�������}�‰�š�������]�v���î�ì�í�í�������•�š�Œ���š���P�Ç���š�}���‰�Œ�}�š�����š��
���]�}���]�À���Œ�•�]�š�Ç���]�v�����µ�Œ�}�‰�������Ç���î�ì�î�ì�X���/�š���•���š�•���}�µ�š���•�]�Æ���}���i�����š�]�À���•��
���]�u�]�v�P�����š���Œ�����µ���]�v�P���š�Z�����u���i�}�Œ���‰�Œ���•�•�µ�Œ���•���}�v���v���š�µ�Œ���X
In line with the commitment made by all the other 
European Union member states of halting the loss of 
biodiversity by 2010, a French National Biodiversity 
�^�š�Œ���š���P�Ç���~�E���^�•���î�ì�í�í�r�î�ì�î�ì���Á���•���o���µ�v���Z�������]�v���î�ì�í�í�X��
The NBS reflects the country’s commitment to meeting 
���]���Z�]�[�•�� �}���i�����š�]�À���•�X�� �d�Z���� �š�Á���v�š�Ç�� �}���i�����š�]�À���•�� �Á���Œ���� �•���š�� �š�}��
preserve, restore, strengthen, enhance biodiversity and 
ensure its sustainable and equitable use and concern 
all sectors of activity and all territorial scales, both in 
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�D���š�Œ�}�‰�}�o�]�š���v�����v�����K�À���Œ�•�����•���&�Œ���v�����X��
In July 2007, major consultations brought together 
representatives of the State, local authorities, NGOs, 
companies and their employees to develop in France 
�v���Á�� �����š�]�}�v�•�� �]�v�� �(���À�}�Œ�� �}�(�� �����}�o�}�P�Ç�� ���v���� �š�Z���� ���v�À�]�Œ�}�v�u���v�š�X��
Following these consultations, two laws known as 
�^�'�Œ���v���o�o���� �/�_�� ���v���� �^�'�Œ���v���o�o���� �/�/�_�� �Á���Œ���� �����}�‰�š������ �]�v�� �î�ì�ì�õ��
���v���� �î�ì�í�ì�X�� �d�Z���� �'�Œ���v���o�o���� �/�/�� �o���Á�� �~�}�(�� �í�î�� �:�µ�o�Ç�� �î�ì�í�ì�•�� �•���š�•�� ���•��
national objectives, the development of regional and 
local biodiversity strategies in Metropolitan France and 
in the French Overseas Departments, Countries and 
�d���Œ�Œ�]�š�}�Œ�]���•���~�K�����d�•�X���d�Z���•�����•�š�Œ���š���P�]���•���Z���À�����������v�������À���o�}�‰������
taking into account the competences of the territorial 
���}�o�o�����š�]�À�]�š�]���•�����v�����]�v�����}�v�•�µ�o�š���š�]�}�v���Á�]�š�Z�����o�o���•�š���l���Z�}�o�����Œ�•�X��
The more recent Law for the reconquest of biodiversity, 
�v���š�µ�Œ���� ���v���� �o���v���•�����‰���•�� �}�(�� ���µ�P�µ�•�š�� �õ�æ�Ú�U�� �î�ì�í�ò�U�� �Z���•�� �‰�Œ�}�À�]��������
�&�Œ���v������ �Á�]�š�Z�� ���v�� ���u���]�š�]�}�µ�•�� ���v���� ���o�o�r���v���}�u�‰���•�•�]�v�P�� �o���P���o��
framework at the service of the preservation of the 
���v�À�]�Œ�}�v�u���v�š�� ���v���� �š�Z���� �‹�µ���o�]�š�Ç�� �}�(�� �o�]�(���X�� �K�v�� �í�å�æ�� �:���v�µ���Œ�Ç�� �î�ì�í�ó�U��
�š�Z�����&�Œ���v���Z�����P���v���Ç���(�}�Œ�����]�}���]�À���Œ�•�]�š�Ç���~���&���•���Á���•�����Œ�����š�����X���/�š���]�•��
today the State’s central operator for terrestrial, aquatic and 
�u���Œ�]�v�������]�}���]�À���Œ�•�]�š�Ç���]�v���D���š�Œ�}�‰�}�o�]�š���v�����v�����K�À���Œ�•�����•���&�Œ���v�����X
�d�Z�����D�µ�•� �µ�u���E���š�]�}�v���o�����ò�,�]�•�š�}�]�Œ�����E���š�µ�Œ���o�o�����~�D�E�,�E�•���]�•������
public scientific and cultural institution nationally and 
internationally renowned for its expertise on biodiversity 
���v�����]�š�•�����}�v�•���Œ�À���š�]�}�v�X���/�š���(���o�o�•���µ�v�����Œ���š�Z�����i�}�]�v�š�����µ�š�Z�}�Œ�]�š�Ç���}�(��

the Ministry in charge of Higher Education, Research and 
Innovation and of the Ministry of Ecological and Inclusive 
�d�Œ���v�•�]�š�]�}�v�X
The Institution fulfils its role through five missions: basic 
and applied research, conservation and expansion of its 
collections, education, expertise and the dissemination 
�}�(�� �l�v�}�Á�o�����P���X�� �/�š�•�� �•���]���v�š�]�•�š�•�� �}�‰���Œ���š���� �]�v�� ���� �À���Œ�Ç�� �Á�]������
���Œ�Œ���Ç�� �}�(�� ���]�•���]�‰�o�]�v���•�X�� �d�Z���� �•�š�µ���]���•�� �}�(�� �š�Z���� �‰���•�š�� ���v�o�]�P�Z�š���v��
the future, and natural sciences mingles with human 
�•���]���v�����•�X�� �&�µ�Œ�š�Z���Œ�u�}�Œ���U�� �š�Z���� �D�E�,�E�� �]�•�� ���� �u���u�����Œ�� �}�(�� �š�Z����
Consortium of Scientific Partners to the Convention on 
Biological Diversity and collaborates with other scientific 
institutions worldwide with the aims to contributing to 
�š�Z�����]�u�‰�o���u���v�š���š�]�}�v���}�(���š�Z�����^�š�Œ���š���P�]�����W�o���v���}�v�����]�}���]�À���Œ�•�]�š�Ç�X��
Created in January 2017, the natural heritage joint 
service unit PatriNat pursues a wide array of missions 
from expertise to knowledge management for its three 
branches, namely the French Agency for Biodiversity 
(AFB), the MNHN and the National Center for Scientific 
�Z���•�����Œ���Z���~���E�Z�^�•�X���/�š���]�•���]�v�����Z���Œ�P�����}�(���š�Z�����•���]���v�š�]�(�]�������}�v���µ���š��
of the National Inventory of Natural Heritage (INPN) and 
the development of the National Information System 
on Nature (SINP) gathering all available knowledge on 
biodiversity and geodiversity in Metropolitan France and 
�]�v���&�Œ���v���Z���K�����d�X

AN EXCEPTIONAL BIODIVERSITY RICHNESS OVERSEAS
	 Geographically
With a land area of 551,500 km², Metropolitan France 
�]�•�� �š�Z���� �o���Œ�P���•�š�� ���}�µ�v�š�Œ�Ç�� �]�v�� �t���•�š���Œ�v�� ���µ�Œ�}�‰���X�� �/�v�� �������]�š�]�}�v�U��
thanks to the diversity of locations of its Departments, 
Countries and Territories (ODCT) beyond the mainland, 
Overseas France cover 110,000 km² spanning three 
continents (Europe, the Americas and Oceania) and 
�š�Z�Œ������ �}�������v�•�� �~�W�����]�(�]���U�� �/�v���]���v�� ���v���� ���š�o���v�š�]���•�� �~�&�]�P�µ�Œ���� �í�•�X�� �/�š��
comprises the following islands: New Caledonia, 18,600 
�l�u�ø�U���&�Œ���v���Z���W�}�o�Ç�v���•�]���U���ï�U�ñ�î�í���l�u�ø�U���t���o�o�]�•���˜���&�µ�š�µ�v���U���í�ð�ì��
km² and Clipperton, 2 km² (Pacific Ocean); Austral Islands, 
7,800 km², Reunion, 2,512 km², Mayotte, 376 km² and 
Eparse Islands, 53 km² (Indian Ocean); Guadeloupe and 
its dependencies, 1,628 km², Martinique, 1,128 km², 
�^�š�r�W�]���Œ�Œ���r���š�r�D�]�‹�µ���o�}�v�U�� �î�ð�î�� �l�u�ø�� ���v���� �^�š�r�D���Œ�š�]�v�� ���v���� �^�š�r
�����Œ�š�Z���o���u�Ç�U�� �ó�ô�� �l�u�ø�� �~�E�}�Œ�š�Z�� ���š�o���v�š�]���� �K�������v�•�X�� �d�Z���� �o���Œ�P���•�š��
ODCT is French Guiana (84,000 km²) in South America, 
�Á�Z�]���Z���]�•���v�}�š�����v���]�•�o���v���X����
�d�Z���� ���}�µ�v�š�Œ�Ç�� ���}���•�š�•�� �š�Z���� �Á�}�Œ�o���[�•�� �•�����}�v���r�o���Œ�P���•�š�� �u���Œ�]�š�]�u����
���}�u���]�v�����(�š���Œ���š�Z�����h�v�]�š�������^�š���š���•���~�í�ì�X�ï���u�]�o�o�]�}�v���l�u�ø�•�U�����Z��������
�}�(�����µ�•�š�Œ���o�]���U�������v�����������v�����Z�µ�•�•�]���X���/�š�•���K�����d���������}�µ�v�š���(�}�Œ���õ�ó���9��
�}�(���]�š�•�����Æ���o�µ�•�]�À���������}�v�}�u�]�����•�}�v�����~�����•�•�X���&�Œ���v�������•�Z���Œ���•���ð�U�ì�ô�î��

�l�u���}�(���o���v�������}�Œ�����Œ�•���Á�]�š�Z���í�í�����}�µ�v�š�Œ�]���•���t�����]�P�Z�š���}�(���Á�Z�]���Z�����Œ����
�]�v�����µ�Œ�}�‰�����t�����v�����Z���•���u���Œ�]�š�]�u�������}�Œ�����Œ�•���Á�]�š�Z���ï�ì�����}�µ�v�š�Œ�]���•��
�~�W�Œ�}�š�����š���������Œ�����•���]�v���&�Œ���v�����U���î�ì�í�ï�•�X��

	 Politically/Administratively
Amongst the European Union (EU) Member States, 
France, Portugal and Spain have part of their territory 
located beyond the boundaries of Europe, which are 
�l�v�}�Á�v�� ���•�� ���µ�Œ�}�‰���[�•�� �K�µ�š���Œ�u�}�•�š�� �Z���P�]�}�v�•�� �~�K�Z�•�•�X�� �E���u���o�Ç�U��
these are the Azores and Madeira for Portugal, and the 
�����v���Œ�Ç���/�•�o���v���•���(�}�Œ���^�‰���]�v�X���&�]�À�����&�Œ���v���Z���K�Z�•���Z���À�����š�Z�����•�š���š�µ�•��
of Departments: Guadeloupe, French Guiana, Reunion, 
�D���Œ�š�]�v�]�‹�µ���U�� �D���Ç�}�š�š���U�� �Á�Z�]�o���� �^���]�v�š�r�D���Œ�š�]�v�� �]�•�� ���� �&�Œ���v���Z��
�K�À���Œ�•�����•�����}�u�u�µ�v�]�š�Ç�X��
In addition to this, in the EU, Denmark, France, the 
Netherlands and the United Kingdom count Overseas 
Countries and Territories (OCTs) which are associated to 
�š�Z�������h�����µ�š�����Œ�����v�}�š���‰���Œ�š���}�(���]�š�X���K�À���Œ�•�����•���&�Œ���v�������Z���•�����]�(�(���Œ���v�š��
�•�š���š�µ�•���~�D�]�v�]�•�š���Œ���������•���K�µ�š�Œ���r�D���Œ�U���î�ì�í�õ�•�X���&�Œ���v���Z���W�}�o�Ç�v���•�]����
and New Caledonia are recognized as Overseas Countries 
�~�W���Ç�•�����[�K�µ�š�Œ���r�D���Œ�•���Á�]�š�Z�]�v���š�Z�����Z���‰�µ���o�]�����~�W�K�D�•���]�•�������•�š���š�µ�•��
affording the possibility of future total independence, 
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�]�(���š�Z�]�•���]�•���š�Z�����Á�]�•�Z���}�(���š�Z�����]�v�Z�����]�š���v�š�•�•�X���t���o�o�]�•�����v�����&�µ�š�µ�v����
���v�����^���]�v�š�r�W�]���Œ�Œ���r���š�r�D�]�‹�µ���o�}�v�����Œ�����K�À���Œ�•�����•�����}�o�o�����š�]�À�]�š�]���•��
�~���}�o�o�����š�]�À�]�š� �•�����[�K�µ�š�Œ���r�D���Œ���t�����K�D�•�•�U���š�Z�����&�Œ���v���Z���^�}�µ�š�Z���Œ�v��
and Antarctic Territories remain a TOM (Territoire 
���[�K�µ�š�Œ���r�D���Œ�•�X���d�Z�������K�D�r�d�K�D�•�����Œ�����Œ�µ�v���]�v���š�Z�����•���u�����Á���Ç��
as Departments and Regions in Metropolitan France, 
while the COMs have a degree of autonomy with their 
�}�Á�v�����o�����š���������•�•���u���o�]���•�����v�����•�}�u�����o���P�]�•�o���š�]�À�����‰�}�Á���Œ�•�X

	 Environmentally 
France holds a unique natural and cultural heritage, 
on account of the diversity of terrestrial and marine 
biogeographic regions and the variety of geographical 
distribution of its ODCT which span from the tropical and 
���‹�µ���š�}�Œ�]���o���Ì�}�v���•�U���š�}���š�Z�������}�Œ�����o�����v�����^�}�µ�š�Z���Œ�v���^�µ�������v�š���Œ���š�]���X��
Metropolitan France counts 4 biogeographical regions 
�~���š�o���v�š�]���U�� ���}�v�š�]�v���v�š���o�U�� ���o�‰�]�v���U�� �D�����]�š���Œ�Œ���v�����v�•�X�� �ô�í�� �9�� �}�(��
���µ�Œ�}�‰�����v�������}�•�Ç�•�š���u�•�����v�����ò�ô���9���}�(�����µ�Œ�}�‰�����v���š�Z�Œ�����š���v������
habitats are present in Metropolitan France (Observatoire 
�E���š�]�}�v���o���������o�������]�}���]�À���Œ�•�]�š� �U���î�ì�í�ô�•�X
Overseas France is characterized by an outstanding 
diversity of terrestrial and marine habitats which 
have been far less modified by human activity than 
�D���š�Œ�}�‰�}�o�]�š���v�� �&�Œ���v�����X�� �d�Z���� �‰�o���v�š�� ���v���� ���v�]�u���o�� �•�‰�����]���•��
�v�µ�u�����Œ�•�� ���Œ���� ���o�•�}�� ���Æ�����‰�š�]�}�v���o�o�Ç�� �Z�]�P�Z�X�� �/�š�� �]�•�� ���}�u�u�}�v�o�Ç��
�•�š���š������ �š�Z���š�� ���š�� �o�����•�š�� �ô�ì�� �9�� �}�(�� �š�Z���� �v���š�]�}�v���o�� ���]�}���]�À���Œ�•�]�š�Ç�� �]�•��
located overseas (four in five French species are found 
�}�À���Œ�•�����•�•�X��

Of the world’s 36 designated biodiversity hotspots, 
five land hotspots (the Mediterranean basin, Antilles, 
Polynesia, New Caledonia and Indian Ocean) and two out 
of 10 marine hotspots (Reunion and New Caledonia) are 
�]�v���&�Œ���v�����X���������]�}���]�À���Œ�•�]�š�Ç���Z�}�š�•�‰�}�š���]�•�������P���}�P�Œ���‰�Z�]�������Œ�������Á�]�š�Z��
at least 1,500 endemic plant species that has already lost 
���š���o�����•�š���ó�ì���9���}�(���]�š�•���}�Œ�]�P�]�v���o���v���š�µ�Œ���o���À���P���š���š�]�}�v�X���,�}�š�•�‰�}�š�•��
�Œ���‰�Œ���•���v�š�� �i�µ�•�š�� �î�X�ï�� �9�� �}�(�� �š�Z���� �����Œ�š�Z�[�•�� �o���v���� �•�µ�Œ�(�������X�� �K�À���Œ��
�ñ�ì���9���}�(���š�Z�����Á�}�Œ�o���[�•�����v�����u�]�����‰�o���v�š���•�‰�����]���•�����v�����ð�î���9���}�(��
�š���Œ�Œ���•�š�Œ�]���o���À���Œ�š�����Œ���š���•�� �o�]�À���� �]�v�� �š�Z���•���� �Z�}�š�•�‰�}�š�•�X���d�Z���� �K�����d��
�Z�}�Á���À���Œ�� ���}�µ�v�š�� �í�ð�� �}�µ�š�� �}�(�� �š�Z���� �í�ó�� �&�Œ���v���Z�� �����}�r�Œ���P�]�}�v�•��
(WWF defines an ecoregion as a large unit of land or 
water containing a geographically distinct assemblage 
of species, natural communities, and environmental 
���}�v���]�š�]�}�v�•�•���~�&�Œ���v���Z���‰�}�o�]���Ç���}�v�����]�}���]�À���Œ�•�]�š�Ç�U���î�ì�í�õ�•�X
All ODCT have in common a high terrestrial and marine 
biological diversity, historical and biogeographic 
originality, strong endemism, heritage species and the 
�]�u�‰�}�Œ�š���v������ �}�(�� �š�Œ�����]�š�]�}�v���o�� �l�v�}�Á�o�����P���X�� �/�(�� �Á���� ���Æ���o�µ������
French Guiana, it is important to note the importance of 
coral ecosystems and the heritage value of the marine 
���Œ�����•�X�� �d�Z���•���� ���Z���Œ�����š���Œ�]�•�š�]���•�� �P�]�À���� �&�Œ���v������ ���� ���}�v�•�]�����Œ�����o����
asset but impose on it an international responsibility to 
maintain and preserve such an exceptional biodiversity 
�~�'���Œ�P�}�u�]�v�Ç�U���î�ì�ì�ï�V���D�µ���o�o���Œ���˜���D���Ç���Œ�U���î�ì�í�î�•�X
One common characteristic of the French ODCT is that 
�š�Z���Ç���‰�}�•�•���•�•�������Z�]�P�Z���o���À���o���}�(�����v�����u�]�•�u���]�v�����o�o���P�Œ�}�µ�‰�•�X���d�Z����
ODCT are presenting a lot more endemic species than in 

Figure 1: Metropolitan and 
Overseas France
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Metropolitan France (100 times more freshwater fishes, 
�ò�ì���š�]�u���•���u�}�Œ�������]�Œ���•�U���î�ò���š�]�u���•���u�}�Œ�����‰�o���v�š�•�U���ï�X�ñ���š�]�u���•���u�}�Œ����
�u�}�o�o�µ�•���•�•�X���/�v���š�Z�����o���š���•�š���Œ���‰�}�Œ�š���}�v���š�Z�����•�š���š�����}�(�����]�}���]�À���Œ�•�]�š�Ç�U��
�š�Z���� �&�Œ���v���Z�� �K���•���Œ�À���š�}�]�Œ���� �E���š�]�}�v���o�� ������ �o���� ���]�}���]�À���Œ�•�]�š� ��
(ONB) confirms the exceptional richness of France’s 
natural heritage and the international responsibility 
�š�Z���š�� �]�š�� �]�u�‰�o�]���•�U�� �‰���Œ�š�]���µ�o���Œ�o�Ç�� �(�}�Œ�� �•���(���P�µ���Œ���]�v�P�� �š�Z���� �í�õ�U�ð�î�ð��
���v�����u�]���� �}�Œ�� �•�µ���r���v�����u�]���� �•�‰�����]���•�� �~�ð�l�ñ�� �}�À���Œ�•�����•�•�X�� �î�î�� �9��
of species are endemic in overseas islands compared 
�š�}�� �ï�� �9�� �]�v�� �D���š�Œ�}�‰�}�o�]�š���v�� �&�Œ���v������ �~�K���•���Œ�À���š�}�]�Œ���� �E���š�]�}�v���o��
������ �o���� ���]�}���]�À���Œ�•�]�š� �U�� �î�ì�í�ô�V�� ���Z�]�(�(�Œ���•�� ���o� �•�� ������ �o���� ���]�}���]�À���Œ�•�]�š� ��
���v���&�Œ���v�����U���î�ì�í�ô�•�X���t�Z�]�o�����‰�Œ���•���v�š�]�v�P�������•���Œ�]���•���}�(�����}�u�u�}�v��
traits, each French ODCT reveals and retains its natural 
���v�������µ�o�š�µ�Œ���o���]�����v�š�]�š�Ç�����v�����•�‰�����]�(�]���]�š�Ç�X��

	 In the Atlantic Ocean 
�d�Z���� �K�À���Œ�•�����•�� ���}�o�o�����š�]�À�]�š�Ç�� �}�(�� �^���]�v�š�r�W�]���Œ�Œ���r���š�r�D�]�‹�µ���o�}�v��
�o�]���•�� �]�v�� �š�Z���� �v�}�Œ�š�Z�r�Á���•�š�� ���š�o���v�š�]���U�� �î�ñ�� �l�u�� �}�(�(�� �š�Z���� ���}���•�š�� �}�(��
�E���Á�(�}�µ�v���o���v���U�������v�������X���/�š�� �Z���•�� �š�Á�}�� �u���]�v�� �]�•�o���v���•�U���Á�]�š�Z������
�š�}�š���o�����Œ�������}�(���î�ð�î���l�u�ø�X���d�Z�����•�}�]�o���]�•�������]�������v�����š�Z�]�v���Á�]�š�Z���‰�����š��
bogs, scrubs and remnants of Boreal forest in parts of the 
�/�•�o���v�����}�(���>���v�P�o�������X
In the Caribbean the archipelago of the Lesser Antilles 
belongs to a small volcanic arc with about 21 main islands 
and numerous islets, all belonging to the Caribbean Islands 
���]�}���]�À���Œ�•�]�š�Ç�� �,�}�š�•�‰�}�š�X�� �D���Œ�š�]�v�]�‹�µ���� ���v���� �'�µ�������o�}�µ�‰���� ���Œ����
�š�Z�����o���Œ�P���•�š���]�•�o���v���•�X���E���š�µ�Œ���o���š�Ç�‰���•���}�(���š���Œ�Œ���•�š�Œ�]���o���À���P���š���š�]�}�v��
�]�v���o�µ������ �•���u�]�r�������]���µ�}�µ�•�����Œ�Ç���(�}�Œ���•�š�•�U���•�����•�}�v���o�����À���Œ�P�Œ�����v��
forest, ombrophilous forest, mangroves, beaches and 
�o�]�š�š�}�Œ���o�����o�]�(�(���À���P���š���š�]�}�v�����v�����u�}�v�š���v�����•���À���v�v���X
�D���Œ�š�]�v�]�‹�µ���� �/�•�o���v���� �Z���•�� ���v�� ���Œ������ �}�(�� �í�U�í�î�ô�� �l�u�ø�X�� �s�}�o�����v�]����
in origin, it offers a varied landscape dominated by the 
�À�}�o�����v�}���}�(���D�}�v�š���P�v�����W���o� �����~�í�U�ï�õ�ó���u�������}�À�����•�������o���À���o�•�X��
Guadeloupe is the largest island in the French West 
Indies with an area of 1,438 km² (1,628 km² with its 
�����‰���v�����v���]���•�•�X���/�š�� ���}�u�‰�Œ�]�•���•�� �����•�•���r�d���Œ�Œ���U�����}�u�]�v���š������ ���Ç��
�š�Z���� �À�}�o�����v�}�� �}�(�� �>���� �^�}�µ�(�Œ�]���Œ���� �~�í�U�ð�ô�ð�� �u�� �����}�À���� �•������ �o���À���o�•�U��
���v���� �'�Œ���v�����r�d���Œ�Œ���U�� �Á�]�š�Z�� �š�Z���� �����i�������v�š�� �/�•�o���v���•�� �}�(�� �>����
��� �•�]�Œ�������U���/�o���•�������•���^���]�v�š���•�����v�����D���Œ�]���r�'���o���v�š���X�����&�µ�Œ�š�Z���Œ���š�}��
�š�Z���� �E�}�Œ�š�Z�U���^�š�������Œ�š�Z� �o���u�Ç���~�î�ñ���l�u�ø�•�� ���v���� �š�Z���� �&�Œ���v���Z���‰���Œ�š��
of St Martin (53 km²) are other ODCT among the Lesser 
���v�š�]�o�o���•�X��
�&�Œ���v���Z�� �'�µ�]���v���� �]�•�� ���}�v�š�]�v���v�š���o�U�� �•�]�š�µ���š������ �]�v�� �š�Z���� �v�}�Œ�š�Z�r
eastern part of South America between Surinam and 
���Œ���Ì�]�o�����v�������}�À���Œ�•�����v�����Œ�������}�(���ô�ï�U�ñ�ï�ð���l�u�ø�X���/�š�����v���}�u�‰���•�•���•��
a large block of tropical ombrophilous lowland forest 
and submontane forest, which covers nine tenths of 
the territory with a great diversity of fauna (insects, 
���u�‰�Z�]���]���v�•�U�� �š�µ�Œ�š�o���•�U�� ���]�Œ���•�� �X�X�X�•�� ���v���� �(�o�}�Œ���X�� �D�}�����Œ���š���� �o�}�����o��
�À���Œ�]�����]�o�]�š�Ç�� �]�•�� �(�}�µ�v���U�� �]�v���o�µ���]�v�P�� �u���Œ�•�Z�� �(�}�Œ���•�š�� ���o�}�v�P�� �Œ�]�À���Œ�•�X��

Some other vegetation types are recognized including 
patches of savannas and some patches of herbaceous 
�•�Á���u�‰�•�� ���o�}�v�P�� �š�Z���� ���}���•�š���o�� �o�}�Á�o���v���•�� �~�>�]�v�����u���v�� �˜�� �D�}�Œ�]�U��
�í�õ�ô�õ�•�X��

	 In the Indian Ocean 
The Island of Reunion with an area of 2,512 km² is part 
�}�(�� �š�Z���� �D���•�����Œ���v���� ���Œ���Z�]�‰���o���P�}�X�� �/�š�� �‰�Œ���•���v�š�•�� ���v�� ���Æ�š�Œ���u����
���]�À���Œ�•�]�š�Ç�� �}�(�� ���v�À�]�Œ�}�v�u���v�š�•�X�� �E�}�� �(���Á���Œ�� �š�Z���v�� �í�ï�ì�� ���]�(�(���Œ���v�š��
types of habitats are recognized after the Corine 
���]�}�š�}�‰���•�����µ�Œ�}�‰�����v�����o���•�•�]�(�]�����š�]�}�v�X���d�Z���Ç�����}�v�•�]�•�š���o���Œ�P���o�Ç���}�(��
forests, at lower altitude and at higher altitude (upper 
tamarind forests with the dominant species Acacia 
heterophylla�V���Z�u�]�•�š�Ç���(�}�Œ���•�š�•�[���}�Œ�����o�}�µ�����(�}�Œ���•�š�•�Y�•�U�����µ�š�����o�•�}��
cover a wide variety of other remarkable habitats: dry 
�(�}�Œ���•�š�•�U�� �•���u�]�r���Œ�Ç�� �(�}�Œ���•�š�•�U�� �u�������}�Á�•�U�� �Á���š�o���v���•�U�� �Œ���À�]�v���•�U��
�•���À���v�v���•�U���u�}�}�Œ�•�����v�����Z�����š�Z�•���}�v���š�Z�����‰�����l�•�U�����}�Œ���o���Œ�����(�•�X�X�X��
No mangrove forests are however observed on the 
�]�•�o���v���X�� �Z���µ�v�]�}�v�� �����o�}�v�P�•�� �š�}�� �š�Z���� �D�������P���•�����Œ�� ���v���� �/�v���]���v��
�K�������v���/�•�o���v���•�����]�}���]�À���Œ�•�]�š�Ç���,�}�š�•�‰�}�š�X
The Overseas Departmental Collectivity of Mayotte (376 
km²) is the most southerly of the four islands of the 
Comoro archipelago: It comprises two main islands and 
�ï�ì���}�Œ���•�}���]�•�o���š�•�X���d�Z�����u���]�v���v���š�µ�Œ���o���Z�����]�š���š�•���}�(���š�Z�����š���Œ�Œ�]�š�}�Œ�Ç��
are the natural forests, the riverine forests, the humid 
zones, the mangroves, the coastal habitats like mudflats, 
���}���•�š���o�� �(�}�Œ���•�š�•�� ���v���� �•���v���� ���������Z���•�� �~���P�P�r�o���Ç�]�v�P�� �‰�o�������•�� �(�}�Œ��
marine turtles), the islets (dry forest and sea birds), 
�š�Z�����•�����P�Œ���•�•�����v�����š�Z�������}�Œ���o���Œ�����(�•�X���>�]�l�����Z���µ�v�]�}�v�U���D���Ç�}�š�š����
belongs to the Madagascar and Indian Ocean Islands 
���]�}���]�À���Œ�•�]�š�Ç���,�}�š�•�‰�}�š�X
The French Southern and Antarctic Lands, the TAAF 
(Terres Australes et Antarctiques Françaises), consist of 
the Islands of St Paul (8 km²) and Amsterdam (58 km²), 
the Crozet Islands (340 km²), the Kerguelen Islands 
�~�ó�U�î�í�ñ�� �l�u�ø�•�� ���v���� �š�Z���� �d���Œ�Œ���� ����� �o�]���� �~�ð�ï�î�U�ì�ì�ì�� �l�u�ø�� �]�v�� �š�Z����
Antarctic continent, which is not taken into account in 
�}�µ�Œ���•�µ�Œ�À���Ç�� ���������µ�•���� �}�(�� �]�š�•�� �‰���Œ�š�]���µ�o���Œ���•�š���š�µ�•�•�X�� �d�Z���� ���o�]�u���š����
���v���� �À���P���š���š�]�}�v�� �}�(�� �š�Z���� �����}�À���r�u���v�š�]�}�v������ �]�•�o���v���•�� ���Œ����
�^�µ���� ���v�š���Œ���š�]���X�� �^�]�v������ �î�ì�ì�ó�U�� �š�Z���� �d�����&�� ���o�•�}�� ���}�u�‰�Œ�]�•���� �š�Z����
Scattered Islands (Eparse Islands) in the Indian Ocean, 
comprising the Islands of Bassas da India (less than 1 
km²), Europa (30 km²), Glorieuses (7 km²), Juan de Nova 
�~�ñ���l�u�ø�•�����v�����d�Œ�}�u���o�]�v���~�í���l�u�ø�•�X���d�Z���•�����]�•�o���v���•�����Œ�����•�µ���i�����š������
to tropical climatic conditions, from arid (South) to humid 
�~�E�}�Œ�š�Z�•�X���d�Z���]�Œ���(�o�}�Œ�������v�����À���P���š���š�]�}�v�����Œ���������•���Œ�]���������]�v���'�]�P�}�Œ����
���š�����o�X�U���î�ì�í�ï�X�����u�}�v�P�•�š���š�Z�����]�u�‰�}�Œ�š���v�š���‰�o���v�š���(�}�Œ�u���š�]�}�v�•���}�(��
these islands are mangroves and coastal vegetation which 
�•���Œ�À�������•���]�u�‰�}�Œ�š���v�š���Œ���(�µ�P�������Œ�����•���(�}�Œ���v���•�š�]�v�P�����]�Œ���•�X��
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	 In the Pacific Ocean
New Caledonia is part of the group of islands which make 
�µ�‰�� �D���o���v���•�]���� ���v���� ���}�À���Œ�•�� �í�ô�U�ñ�ó�ñ�� �l�u�ø�X�� �d�Z���� ���Œ���Z�]�‰���o���P�}��
comprises Grande Terre (main island) and the Islands 
�}�(�� �>�}�Ç���o�š�Ç�U�� �š�Z���� ��� �o���‰�� ���Œ���Z�]�‰���o���P�}�U�� �š�Z���� �/�•�o���� �}�(�� �W�]�v���•�� ���v����
a few remote islets, forming one of the 36 biodiversity 
�Z�}�š�•�‰�}�š�•�X�� �E���Á�� �����o�����}�v�]���� �]�•�� �l�v�}�Á�v�� �(�}�Œ�� �]�š�•�� ���]�•�š�]�v���š�]�À����
maquis vegetation (shrubland) on ultramafic soils, 
rainforests, sclerophyllous forests (dry forests), savannas, 
�Á���š�o���v���•�U�����}���•�š���o�������}�•�Ç�•�š���u�•���~�u���v�P�Œ�}�À���U�����������Z���•�Y�•�����v����
�À���P���š���š�]�}�v���}�v���o�]�u���•�š�}�v�����~�>�}�Ç���o�š�Ç���/�•�o���v���•�•�X��
French Polynesia with a land area of 3,521 km², consists 
of five archipelagos of 118 volcanic or coral islands, 
���}�À���Œ�]�v�P�������š�}�š���o���•���������Œ�������}�(���î�X�ñ���u�]�o�o�]�}�v���l�u�ø�W���š�Z�����^�}���]���š�Ç�U��
�D���Œ�‹�µ���•���•�U�� ���µ�•�š�Œ���o�� ���v���� �d�µ���u�}�š�µ�r�'���u���]���Œ�� �/�•�o���v���•�X�� �/�š��
comprises many relatively preserved atolls and a large 
EEZ with significant halieutic potential, especially tuna 
�Œ���•�}�µ�Œ�����•���]�v���š�Z�����D���Œ�‹�µ���•���•�X���d�Z�����(�o�}�Œ�����]�•���v�}�š�����•�‰�����]���o�o�Ç���Œ�]���Z��
but shows an exceptional diversity for endemism among 
���v�P�]�}�•�‰���Œ�u�•���~�ó�ñ���9�•�U�������‰���v���]�v�P���}�v���š�Z�����]�•�o���v���•���~�ñ�ð���9���}�(��
the vascular flora of the French Polynesian archipelagos 

�]�•�� ���v�����u�]���U�� �������}�Œ���]�v�P�� �š�}�� �D���Ç���Œ�� ���v���� ���o���Œ�]���P���U�� �î�ì�í�ð�•�X�� ����
great diversity of forest ecosystems is found, at different 
elevations (dry forests, coastal forest, mesophilous 
�(�}�Œ���•�š�•�U�� �u�}�v�š���v���� �Œ���]�v�� �(�}�Œ���•�š�•�U�� ���o�}�µ���� �(�}�Œ���•�š�•�Y�•�� ���o�}�v�P��
with other types of ecosystems (wetlands, shrublands, 
�u�}�v�š���v�����o���v�����(���Œ�v�•�����v�����•���À���v�v���•�U�����š�}�o�o���À���P���š���š�]�}�v�Y�•�X��
The archipelago of Wallis and Futuna (140 km²) is 
�‰���Œ�š�� �}�(�� �W�}�o�Ç�v���•�]���v�� �K�������v�]���X�� �/�š�� �]�•�� ���}�u�‰�Œ�]�•������ �}�(�� �š�Z����
three volcanic Islands of Wallis (76 km²), lying to the 
Northeast, and Futuna (46 km²) and the islet of Alofi (18 
�l�u�ø�•�� �(�}�Œ�u�]�v�P�� �š�Z���� �,�}�Œ�v�� ���Œ���Z�]�‰���o���P�}�X�� �d�Z���� �À���P���š���š�]�}�v�� �]�•��
divided into mangrove, littoral, dense evergreen forest 
(lower elevation and high montane forest), wetlands, 
Dicranopteris���(���Œ�v�o���v���•�X
Wallis and Futuna and the French Polynesia Islands 
�����o�}�v�P���š�}���š�Z�����W�}�o�Ç�v���•�]���r�D�]���Œ�}�v���•�]�������]�}���]�À���Œ�•�]�š�Ç���,�}�š�•�‰�}�š�X��
Located in the Northeastern Pacific Ocean, Clipperton 
is an inhabited and very small atoll (2 km²) of volcanic 
�}�Œ�]�P�]�v�X���h�v�o�]�l�����š�Z�����(���µ�v�����Á�Z�]���Z���]�•���Œ�]���Z���~�(�]�•�Z���•�U�����]�Œ���•�U�����}�Œ���o�•�U��
�u�}�o�o�µ�•�l�•�U�� �•�Z���o�o�(�]�•�Z�Y�•�U�� �š�Z���� �(�o�}�Œ���� �]�•�� �‰�}�}�Œ�U�� �o�]�š�š�o���� ���]�À���Œ�•�]�(�]������
���v�����u���]�v�o�Ç�����}�u�‰�}�•�������}�(���]�v�š�Œ�}���µ���������•�‰�����]���•�X

VULNERABILITY AND THREATS 
Due to their geographical characteristics, the French 
ODCT encompass a wealth of natural contrasts, an array 
of different climatic conditions, landscapes, flora and 
�(���µ�v���U���(�Œ�}�u���š�Z�����š�Œ�}�‰�]�����o�����v�������‹�µ���š�}�Œ�]���o���Ì�}�v���•���r���š�}���š�Z�����^���]�v�š�r
�W�]���Œ�Œ���r���š�r�D�]�‹�µ���o�}�v�����v�����^�}�µ�š�Z���Œ�v�����v�������v�š���Œ���š�]�����>���v���•�X�����•��
mentioned earlier, all French ODCT are islands, with the 
���Æ�����‰�š�]�}�v�� �}�(�� �&�Œ���v���Z�� �'�µ�]���v���� ���v���� �d���Œ�Œ���� ����� �o�]���X�� �^�}�u���� �}�(��
them are very small, increasing their vulnerability, a lower 
resilience to natural hazards, which increase significantly 
�š�Z���]�Œ�� ���Æ�‰�}�•�µ�Œ���� �š�}�� �š�Z���� ���}�v�•���‹�µ���v�����•�� �}�(�� ���o�]�u���š���� ���Z���v�P���X��
�d�Z���� �&�Œ���v���Z�� �K���•���Œ�À���š�}�]�Œ���� �E���š�]�}�v���o�� ������ �o���� ���]�}���]�À���Œ�•�]�š� ��
(ONB) indicates that the global context for the evolution 
�}�(�����]�}���]�À���Œ�•�]�š�Ç���]�v�����o�o���š�Z���•�����š���Œ�Œ�]�š�}�Œ�]���•���]�•���Á�}�Œ�Œ�Ç�]�v�P�X

France, which notably holds a great part of species 
diversity from its ODCT is unfortunately among the top 
ten countries in the world with the highest number of 
plant and animal threatened species: 1,147 species, 
among which 278 are in Metropolitan France (The IUCN 
�Z�������>�]�•�š���}�(���d�Z�Œ�����š���v�������•�‰�����]���•�U���î�ì�í�ó�•�X��
•	 The French ODCT show a very high variability in 
human population densities and therefore in impact of 
�Z�µ�u���v�������š�]�À�]�š�]���•���}�v�������}�•�Ç�•�š���u�•���~�&�]�P�µ�Œ�����î�•�X
These overseas lands have suffered from an important 
reduction of their natural areas after human colonization 
and are facing habitat destruction by an increasing 
�����À���o�}�‰�u���v�š���}�(�����P�Œ�]���µ�o�š�µ�Œ���U���]�v���µ�•�š�Œ�Ç�����v�����µ�Œ�����v�]�Ì���š�]�}�v�X��

Figure 2:  Terrestrial areas and 
human population densities in 
the French ODCT
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A first outstanding example concerns the New Caledonian 
dry forests ecoregion, only found on the Western side of 
�'�Œ���v������ �d���Œ�Œ���� �/�•�o���v���� �~�&�]�P�µ�Œ���� �ï�•�X�� �/�š�� �]�•�� �Z�}�u���� �š�}�� �u�}�Œ���� �š�Z���v��
�ð�ñ�ì�� �•�‰�����]���•�U�� �]�v���o�µ���]�v�P�� ���� �o���Œ�P���� �v�µ�u�����Œ�� �}�(�� ���v�����u�]���•�X��
This ecosystem had almost disappeared until the 
�]�u�‰�o���u���v�š���š�]�}�v���}�(�����Œ���•�š�]�����u�����•�µ�Œ���•���(�}�Œ���]�š�•���‰�Œ���•���Œ�À���š�]�}�v�X��
�/�š�� ���µ�Œ�Œ���v�š�o�Ç�� �������}�µ�v�š�•�� �(�}�Œ�� �}�v�o�Ç�� �����X�� �í�r�î�� �9�� �}�(�� �š�Z���� �}�Œ�]�P�]�v���o��
���}�À���Œ�����v�������Æ�]�•�š�•���u���]�v�o�Ç���]�v�����]�•�i�µ�v���š���(�}�Œ���•�š���‰���š���Z���•�X
The case of Reunion Island is another striking example 
�~�&�]�P�µ�Œ�����ï�•�X���/�v���š�Z�����o���•�š���š�Z�Œ�����������v�š�µ�Œ�]���•���š�Z�����Z�µ�u���v�������š�]�À�]�š�]���•��

have caused an accelerating loss of biological diversity 
due to the destruction and fragmentation of native 
tropical forests and the introduction of alien organisms, 
which have considerably modified the process of primary 
�•�µ�������•�•�]�}�v���]�v���š�Z�]�•�������}�•�Ç�•�š���u�X

·	 ���]�}�o�}�P�]�����o�� �]�v�À���•�]�}�v�•�� �l�� �/�v�À���•�]�À���� ���o�]���v�� �^�‰�����]���•�� �~�/���^�•�� ���Œ����
�v�}�Á�����}�v�•�]�����Œ���������•���š�Z�����í�å�æ�����}�Œ���î�à�Ö�������µ�•�����}�(�����Œ�}�•�]�}�v���}�(���š�Z����
biodiversity in tropical Islands, also in French overseas 
�]�•�o���v���•���~�&�]�P�µ�Œ�����ð�•�X

Figure 3:  Important reduction 
of natural areas after Human 
colonization and habitat 
destruction in New Caledonia 
���v���� �Z���µ�v�]�}�v�� �/�•�o���v���X�� �E���Á��
Caledonia: the original (green) 
���v���� ���µ�Œ�Œ���v�š�� ���Œ�Ç�� �(�}�Œ���•�š�•�� �~�Œ�����•�X��
Reunion: more than 3 centuries 
of evolution/degradation 
(maps of vegetation cover in 
�í�ò�ì�ì�����v�����í�õ�ô�ì�•

Figure 4:  Invasive Alien Species 
as a major cause of erosion of 
biodiversity in tropical islands
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Some examples for the French ODCT include: Rusa 
timorensis, the Rusa deer, in New Caledonia and 
Odocoileus virginianus�U�� �š�Z���� �t�Z�]�š���� �š���]�o������ �������Œ�U�� �]�v�� �^�š�r
�W�]���Œ�Œ���r���š�r�D�]�‹�µ���o�}�v���~�(���µ�v���•�U��Acacia mangium in Mayotte, 
Psidium cattleianum in Reunion Island and Miconia 
calvescens���]�v���&�Œ���v���Z���W�}�o�Ç�v���•�]�����~�(�o�}�Œ���•�X
�{	 �K�À���Œ�•�����•���o���v���•�����Œ�������o�•�}���š�Z�Œ�����š���v���������Ç�����o�]�u���š�������Z���v�P���X
In French Guiana, researchers have shown a strong 
decrease of the floristic richness of the forest cover on an 
isolated rock hill (inselberg) in relation with an increase of 
�š���u�‰���Œ���š�µ�Œ�������µ�Œ�]�v�P���š�Z�����ñ�ì���o���•�š���Ç�����Œ�•���~�&�}�v�š�Ç�����š�����o�X�U���î�ì�ì�õ�•�X��

In the Austral Islands a significant temperature elevation 
has permitted the reproduction of introduced plants such 
as Poa pratensis or Taraxacum sp�X�U�� �Á�Z�]���Z�� �v�}�Á�� �‰�Œ�}���µ������
�À�]�����o���� �•�������•�X�� �d�Z���]�Œ�� ���v���u�}���Z�}�Œ�}�µ�•�� ���]�•�•���u�]�v���š�]�}�v�� �o�������•��
�š�}�� �š�Z���]�Œ�� �]�v�À���•�]�}�v�X�� �d�Z���� �^���]�v�š�r�W�]���Œ�Œ���r���š�r�D�]�‹�µ���o�}�v�� ���Œ���š�}�r
���o�‰�]�v���� �š�µ�v���Œ���� �]�•�� ���o�•�}�� �À���Œ�Ç�� �•���v�•�]�š�]�À���� �š�}�� ���o�]�u���š���� ���Z���v�P���X��
�/�v���î�ì�ì�ô�U���^�X���D�µ�o�o���Œ���•���š���µ�‰���‰���Œ�u���v���v�š���‰�o�}�š�•���]�v���š�Z�������]�u���š�}��
�•�š�µ���Ç���š�Z���•�������Z���v�P���•���~�D�µ�o�o���Œ�U���î�ì�í�í�V���D�µ�o�o���Œ�����š�����o�X�U���î�ì�í�î�•�X��
In Tahiti (French Polynesia) cloud forests ecosystems and 
their biodiversity are affected by climate change (cloud 
�Œ�����µ���š�]�}�v���}�Œ�����o���À���š�]�}�v�•�X

WHICH MEASURES ARE IN PLACE?
	 The Law for the reconquest of biodiversity, nature 
and lansdcapes 
Since the promulgation of the Law for the reconquest 
�}�(�� ���]�}���]�À���Œ�•�]�š�Ç�U�� �v���š�µ�Œ���� ���v���� �o���v���•�����‰���•�� �}�v�� ���µ�P�µ�•�š�� �õ�æ�Ú�U��
2016, the protection and valorization of the French 
�E���š�µ�Œ���o�� �Z���Œ�]�š���P���� �]�•�� �v�}�Á�� ���v�•�Z�Œ�]�v������ �]�v�� �&�Œ���v���Z�� �o���Á�X�� �d�Z����
legal instruments for the conservation of threatened 
�•�‰�����]���•�� ���Œ���� �Œ���]�v�(�}�Œ�������X�� �d�Z���� �v���š�]�}�v���o�� �����š�]�}�v�� �‰�o���v�•�� �(�}�Œ��
the preservation and protection of endemic species 
(Aïchi target 12) will be reinforced and sanctions will be 
���v�(�}�Œ���������š�}���(�]�P�Z�š���]�o�o���P���o���š�Œ�������X
•	 �>���Á���‰�Œ�}�u�µ�o�P���š���������µ�P�µ�•�š���õ�U���î�ì�í�ò
•	 A dynamic and renewed vision of biodiversity
•	 An ambition to protect and enhance the French 

natural heritage
•	 Aim for environmental excellence
•	 Implementation of the Aïchi targets 

Amongst the Aïchi targets the most concerned in our 
study on the French ODCT are the following:
•	 Target 1: By 2020, at the latest, people are aware of 

the values of biodiversity and the steps they can take 
�š�}�����}�v�•���Œ�À�������v�����µ�•�����]�š���•�µ�•�š���]�v�����o�Ç�X

•	 Target 2: By 2020, at the latest, biodiversity values 
have been integrated into national and local 
development and poverty reduction strategies and 
planning processes and are being incorporated into 
national accounting, as appropriate, and reporting 
�•�Ç�•�š���u�•�X

•	 Target 5: By 2020, the rate of loss of all natural habitats, 
including forests, is at least halved and where 
feasible brought close to zero, and degradation and 
�(�Œ���P�u���v�š���š�]�}�v���]�•���•�]�P�v�]�(�]�����v�š�o�Ç���Œ�����µ�������X

•	 Target 7: By 2020 areas under agriculture, aquaculture 
and forestry are managed sustainably, ensuring 
���}�v�•���Œ�À���š�]�}�v���}�(�����]�}���]�À���Œ�•�]�š�Ç�X��

•	 Target 8: By 2020, pollution, including from excess 

nutrients, has been brought to levels that are not 
�����š�Œ�]�u���v�š���o���š�}�������}�•�Ç�•�š���u���(�µ�v���š�]�}�v�����v�������]�}���]�À���Œ�•�]�š�Ç�X

•	 Target 12: By 2020 the extinction of known threatened 
species has been prevented and their conservation 
status, particularly of those most in decline, has 
�������v���]�u�‰�Œ�}�À���������v�����•�µ�•�š���]�v�����X

•	 Target 15: By 2020, ecosystem resilience and the 
contribution of biodiversity to carbon stocks 
has been enhanced, through conservation and 
restoration, including restoration of at least 15 per 
cent of degraded ecosystems, thereby contributing 
to climate change mitigation and adaptation and to 
���}�u�����š�]�v�P�������•���Œ�š�]�(�]�����š�]�}�v�X

	 The protected flora and areas in the French ODCT
Table 1 presents the richness of the vascular flora 
(indigenous and endemic species) and the protected 
�À���•���µ�o���Œ�� �‰�o���v�š�� �•�‰�����]���•�� �]�v�� �š�Z���� �&�Œ���v���Z�� �K�����d�X�� �K�v���� �}�(�� �š�Z����
significant features is the number of more than 3000 
endemic vascular plant species (evps) overseas, to 
compare to the 210 evps in the French Metropolitan 
�š���Œ�Œ�]�š�}�Œ�Ç�X�� �/�š�� �]�•�� ���o�•�}�� �]�v�š���Œ���•�š�]�v�P�� �š�}�� �v�}�š���� �š�Z���� ���]�•�‰���Œ�]�š�]���•��
between territories regarding the protection of the flora 
���v�����š�Z�����‰���Œ�����v�š���P�����}�(���‰�Œ�}�š�����š���������Œ�����•�X
To know and preserve biodiversity, in Metropolitan 
France and the ODCT the French Ministry of Ecology (now 
called the Ministry of Ecological and Inclusive Transition) 
has developed tools adapted to the contexts and issues 
�~�D�]�v�]�•�š���Œ�����������o�����d�Œ���v�•�]�š�]�}�v�������}�o�}�P�]�‹�µ�������š���^�}�o�]�����]�Œ���U���î�ì�í�õ��
���U�����•�X���d�Z�����^�š�Œ���š���P�Ç���}�(�����Œ�����š�]�}�v���}�(���W�Œ�}�š�����š���������Œ�����•���~�^�����W�•��
is a national strategy aiming at enhancing the coherence, 
representativeness and efficiency of the network of 
terrestrial protected areas in France by contributing 
to maintaining biodiversity, the good functioning of 
�����}�•�Ç�•�š���u�•�� ���v���� �]�u�‰�Œ�}�À�]�v�P�� �����}�o�}�P�]�����o�� ���}�v�v�����š�]�À�]�š�Ç�X��
Figure 5 presents a panorama of the biodiversity and the 
�‰�Œ�}�š�����š���������Œ�����•���]�v���D���š�Œ�}�‰�}�o�]�š���v���&�Œ���v���������v�����K�À���Œ�•�����•�X����
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Table 1: Richness of the 
vascular flora (indigenous 
and endemic species) and 
the protected vascular plant 
species in the French ODCT

Figure 5: Biodiversity 
Panorama of the Protected 
areas in France (Metropolitan 
���v���� �K�À���Œ�•�����•�•�X�� �d�Z�]�•�� �u���‰��
was produced in 2018 in 
partnership with the Institut 
�'� �}�P�Œ���‰�Z�]�‹�µ���� �E���š�]�}�v���o�� �~�/�'�E�•�U��
the MNHN and the French 
Agency for Biodiversity/
���P���v������ �&�Œ���v�����]�•���� �‰�}�µ�Œ�� �o����
���]�}���]�À���Œ�•�]�š� ���~���&���•
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Among the most numerous and largest protected areas 
in France are the national parks and the regional natural 
�‰���Œ�l�•�X
French national parks cover a variety of land and 
maritime domains with the aim to protect biodiversity, 
�u���v���P�����š�Z�������µ�o�š�µ�Œ���o���Z���Œ�]�š���P�������v���������µ�����š�����š�Z�����‰�µ���o�]���X�����•��
of August 2018, France counts ten national parks: seven 
�]�v�� �D���š�Œ�}�‰�}�o�]�š���v�� �&�Œ���v������ �~��� �À���v�v���•�U�� �����Œ�]�v�•�U�� �D���Œ�����v�š�}�µ�Œ�U��
�W�}�Œ�š�r���Œ�}�•�U�� �W�Ç�Œ���v� ���•�U�� �s���v�}�]�•���� ���v���� �����o���v�‹�µ���•�•�� ���v���� �‰�o���v�•��
to reinforce this network by adding a new national park 
(Parc National des « Forêts de Plaine »), and 3 Overseas 
�~�'�µ�������o�}�µ�‰���U���&�Œ���v���Z���'�µ�]���v���U���Z���µ�v�]�}�v�•�X�����o�o���š���v���š�}�P���š�Z���Œ�U��
�š�Z���Ç�� �Œ���‰�Œ���•���v�š�� �v�����Œ�o�Ç�� �õ�� �9�� �}�(�� �š�Z���� �&�Œ���v���Z�� �š���Œ�Œ�]�š�}�Œ�Ç�� �(�}�Œ�� ����
�š�}�š���o�� �}�(�� �����}�µ�š�� �ò�ì�� �ì�ì�ì�� �l�u�ø�X�� �W�Œ�}�‰�}�Œ�š�]�}�v���o�o�Ç�� �š�}�� �š�Z���]�Œ�� �•�]�Ì���U��
the French ODCT have a greater proportion of protected 
���Œ�����•���š�Z���v���D���š�Œ�}�‰�}�o�]�š���v���&�Œ���v�����X
The French regional natural parks, developed under 
the responsibility of the region, are spaces of natural, 
���µ�o�š�µ�Œ���o�� �}�Œ�� �o���v���•�����‰���� �]�u�‰�}�Œ�š���v������ ���š�� �š�Z���� �v���š�]�}�v���o�� �o���À���o�X��
Their aim is to protect and manage this heritage as 
well as ensuring the economic and social development 
�}�(�� �š�Z���� ���Œ�����X�� �d�Z���Ç�� ���o�•�}�� �Á���o���}�u���� ���v���� �]�v�(�}�Œ�u�� �š�Z���� �‰�µ���o�]���U��
�‰���Œ�š�]���]�‰���š���� �]�v�� �����µ�����š�]�}�v�� ���v���� �š�Œ���]�v�]�v�P�� �‰�Œ�}�P�Œ���u�u���•�X�� �d�Z����
�(�]�Œ�•�š�� �Œ���P�]�}�v���o�� �v���š�µ�Œ���o�� �‰���Œ�l�� �Á���•�� ���Œ�����š������ �]�v�� �í�õ�ò�ô�� �~�^�����Œ�‰���r
���•�����µ�o�š�•�X�� ���•�� �}�(�� �D���Ç�� �î�ì�í�ô�U�� �š�Z���Œ���� ���Œ���� �ñ�ï�� �Œ���P�]�}�v���o�� �v���š�µ�Œ���o��
�‰���Œ�l�•�U�����u�}�v�P���Á�Z�]���Z���š�Á�}���K�À���Œ�•�����•�X
The main protected areas in the French ODCT:
•	 3 national parks have been created in Reunion, 

French Guiana and in Guadeloupe, the latter being 
extended, including at sea; the regional natural 
parks of Martinique and French Guiana; creation of 

the adjoining marine natural parks of Mayotte and 
�š�Z�����'�o�}�Œ�]�}�µ�•���/�•�o���v���•���~�^�����š�š���Œ�������/�•�o���v���•�U���d�����&�•�X�������š�}�š���o��
area of 100 000 km²;

•	 national nature reserves, such as the Guiana nature 
�Œ���•���Œ�À���� �v���š�Á�}�Œ�l�U�� �š�Z���� �^���]�v�š�r�D���Œ�š�]�v�� ���v���� �^���]�v�š�r
�����Œ�š�Z� �o���u�Ç�� �v���š�µ�Œ���� �Œ���•���Œ�À���•�U�� �š�Z���� �Z���µ�v�]�}�v�� �u���Œ�]�v����
�v���š�µ�Œ���� �Œ���•���Œ�À���� �}�Œ�� ���À���v�� �š�Z���� �•�µ���r���v�š���Œ���š�]���� �d�����&��
Islands (22 000 km² of which 15 000 at sea, the 
largest French national reserve whose biodiversity 
bill allows for expansion into EEZs);

•	 establishment by New Caledonia of the largest French 
�u���Œ�]�v�����‰�Œ�}�š�����š���������Œ�������Z���}�Œ���o���^�����[���}�v�����o�o���]�š�•���š���Œ�Œ�]�š�}�Œ�]���o��
�Á���š���Œ�•�� ���v���� �]�v�� �����•�U�� �u�}�Œ���� �š�Z���v�� �í�X�í�� �u�]�o�o�]�}�v�� �l�u�ø�U�� �‰���Œ�š��
of an international project broader cooperation, 
particularly with Australia (Great Barrier Reef);

•	 project of large marine areas in French Polynesia, 
���Œ�}�µ�v�����š�Z�����D���Œ�‹�µ���•���•�����v�����d�µ���u�}�š�µ�X

Other protected areas are internationally recognized 
through the UNESCO World Heritage inscriptions, in the 
ODCT (the Lagoons of New Caledonia: Reef Diversity and 
Associated Ecosystems; Pitons, cirques and remparts of 
Reunion Island and Marquesas project) and the Man 
and Biosphere Program (the biosphere reserve of the 
Guadeloupe archipelago and the biosphere reserve of 
�&���l���Œ���À�����]�v���W�}�o�Ç�v���•�]���•�X
Regarding the wetlands of international importance, 
France, in February 2018, has 48 sites registered under 
the Ramsar Convention, 37 of which are in Metropolitan 
�&�Œ���v������ ���v���� �í�í�� �K�À���Œ�•�����•�X�� �d�Z���•���� �•�]�š���•�� ���}�À���Œ�� ���v�� ���Œ������ �}�(��
�����}�µ�š���ï�ò���ì�ì�ì���l�u�ø�X

A ZOOM ON TWO ISLANDS OF THE INDIAN OCEAN
Reunion (2512 km²) and Mayotte (374 km²) are two 
French Departments and European Union’s outermost 
�Œ���P�]�}�v�•�� �o�}�����š������ �]�v�� �š�Z���� �/�v���]���v�� �K�������v�� �~�&�]�P�µ�Œ���� �ò�•�X�� ���}�š�Z��
territory hosts a biodiversity of world importance, but the 
completion of Red listing and the significant knowledge 
accumulated has allowed to identify many threats thanks 
to the presence of a National Botanical Conservatory/
Conservatoire Botanique National (CBN) on the Island of 
�Z���µ�v�]�}�v�X���d�Z�����š�Á�}���]�•�o���v���•�������o�}�v�P���š�}���š�Z�����•���u�������]�}���]�À���Œ�•�]�š�Ç��
hotspot, together with other islands of the South West 
Indian Ocean and are designated by scientists as being of 
�P�o�}�����o���‰�Œ�]�}�Œ�]�š�Ç���(�}�Œ���v���š�µ�Œ�������}�v�•���Œ�À���š�]�}�v�X���,�}�Á���À���Œ�U���]�š���u�µ�•�š��
be emphasized that they show two contrasting situations, 
in terms of land surface, relief, habitat diversity and 
�v�µ�u�����Œ���}�(���‰�Œ�}�š�����š���������Œ�����•�X��

	 Flora, vegetation and threatened species
Reunion, an island situated in the Indian Ocean, about 
700 kms East of Madagascar, profits from an exceptional 
biogeographical situation (insular, volcanic and tropical) 
���v���� �Z���•�� ���� �µ�v�]�‹�µ���� ���]�}�o�}�P�]�����o�� ���]�À���Œ�•�]�š�Ç�X�� �/�š�•�� �Z�µ�u���v��
���}�o�}�v�]�Ì���š�]�}�v�� �]�•�� �‹�µ�]�š���� �Œ�������v�š�� �~�í�ó�æ�Ú�� �����v�š�µ�Œ�Ç�•�X�� �d�Z���� �P�o�}�����o��
uniqueness of its flora and its organisation in numerous 
habitats is also unique (Boullet, 2007) and has led to their 
registration on the list of the UNESCO World Heritage 
�•�]�š���•���]�v���î�ì�í�ì�X
The native or indigenous flora of Reunion Island comprises 
1,764 species of vascular plants, of which there are 1,503 
�^�‰���Œ�u���š�}�‰�Z�Ç�š���•���~�ô�ñ�U�î���9�•�����v�����î�ò�í���W�š���Œ�]���}�‰�Z�Ç�š���•���~�í�ð�U�ô���9�•��
�~�����E���D���•�����Œ�]�v�U���î�ì�í�ô�V�������š�����(�Œ�}�u���î�ì�í�ñ�•�X���d�Z���Ç�����Œ�������]�À�]��������
into:
•	 �ô�ò�ó���v���š�]�À�����•�‰�����]���•���Á�Z�]���Z���]�•�������}�µ�š���Z���o�(���~�ð�ô���9�•���}�(���š�Z����

native flora, 
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•	 843 exotic species, which is approximately the other 
�Z���o�(���~�ð�ô���9�•�U

•	 54 cryptogenic species, with possible but still 
�µ�v�����Œ�š���]�v���]�v���]�P���v�}�µ�•���•�š���š�µ�•���~�ï���9�•�X

The native flora of the island may present a relatively reduced 
�‰�o���v�š�����]�À���Œ�•�]�š�Ç�����µ�š�������Z�]�P�Z���o���À���o���}�(�����v�����u�]�•�u���~�î�ò�X�ï���9���(�}�Œ���š�Z����
�•�š�Œ�]���š�� ���v�����u�]�•�u�� ���v���� �ð�ñ�X�ï�� �(�}�Œ�� �š�Z���� �D���•�����Œ���v���� ���v�����u�]�•�u�•�U��
���Á���Œ���]�v�P���]�š���Á�]�š�Z�����v���]�u�‰�}�Œ�š���v�š���‰���š�Œ�]�u�}�v�]���o���À���o�µ�����Á�}�Œ�o���Á�]�����X��

�,�}�Á���À���Œ���}�v�o�Ç���ï�ì���9���}�(���š�Z�����•�µ�Œ�(���������]�•���}�����µ�‰�]���������Ç���]�v���]�P���v�}�µ�•��
�À���P���š���š�]�}�v�� ���v���� �}�v�o�Ç�� �ï�ì�� �9�� �}�(�� �š�Z���� �À���P���š���š�]�}�v�� �š�Ç�‰���•�� �Á�Z�]���Z��
�}�����µ�Œ�Œ�����������(�}�Œ�����Z�µ�u���v�����}�o�}�v�]�Ì���š�]�}�v���]�v���š�Z�����í�ó�æ�Ú�������v�š�µ�Œ�Ç�U�����Œ����
�•�š�]�o�o���‰�Œ���•���v�š���~�^�š�Œ���•�����Œ�P�����š�����o�X�U���î�ì�ì�ñ�•���~�&�]�P�µ�Œ�����ó�•�X���D�}�Œ���������š�����}�v��
the flora and habitats of the Reunion Island can be found 
�]�v�������Œ�]� �U���í�õ�î�ó�V���Z�]�À���o�•�U���í�õ�ñ�î�V�����������š�U���í�õ�ó�ð�U���í�õ�ó�ó�V�����µ�‰�}�µ���Ç���˜��
���������š�U���í�õ�ô�ò�V�����o���v���Z���Œ���U���î�ì�ì�ì�V���^�š�Œ���•�����Œ�P�����š�����o�X�U���î�ì�ì�ì�V�����}�µ�o�o���š�U��
�î�ì�ì�ò�����U�����X

Figure 6: A zoom on two 
islands of the Indian Ocean: 
Reunion and Mayotte

Figure 7: Evolution of the 
natural vegetation of Reunion 
�/�•�o���v���� �~�W�Œ���� �í�ó�æ�Ú�� �����v�š�µ�Œ�Ç�� ���v����
now)
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Due to the strong regression of the surface of certain 
habitats, the island’s flora is today extremely threatened 
and this is furthermore accentuated by the biological 
invasions that strongly contribute to biodiversity loss in 
�š�Z���� �}�������v�]���� �]�•�o���v���•�� �~�>�}�}�‰���� �˜�� �D�µ���o�o���Œ�r���}�u���}�]�•�U�� �í�õ�ô�õ�V��
�D�������}�v���o���� ���š�� ���o�X�U�� �í�õ�õ�í�V�� �D���Ç���Œ�� �˜�� �&�o�}�Œ���v�����U�� �í�õ�õ�ò�V��
�>���À���Œ�P�v�������š�����o�X�U���í�õ�õ�õ�V���<�µ���(�(���Œ���˜���>���À���Œ�P�v���U���î�ì�ì�ð�V���D���Ç���Œ�U��
�î�ì�ì�ð�V���&�Œ���v�}�š�����š�����o�X�U���î�ì�ì�ñ�V�������Œ���š�����š�����o�X�U���î�ì�ì�ò�V���������µ�À���]�•�����š��
���o�X�U�� �î�ì�ì�ò�V�� ���}�v�o���v�� �˜�� �t�]�o���}�Æ�U�� �î�ì�ì�ô�V�� �<�µ���(�(���Œ�� ���š�� ���o�X�U�� �î�ì�í�ì�V��
�<�]���Z�v�U���î�ì�í�í�V�������Œ��� �����š�����o�X�U���î�ì�í�ñ�•�X��
�,�µ�u���v�� �•���š�š�o���u���v�š�� ���µ�Œ�]�v�P�� �š�Z���� �u�]�����o���� �}�(�� �š�Z���� �í�ó�æ�Ú��
century enriched the flora of the island with an exotic 
component that would gradually play a more and 
more important role in the development of society on 
�Z���µ�v�]�}�v�� �/�•�o���v���X�� �d�Z���� �Á�]������ �Œ���v�P���� �}�(�� �µ�•���P���� �~���P�Œ�]���µ�o�š�µ�Œ���o�U��
�(�}�Œ���•�š�Œ�Ç�U�� �����}�v�}�u�]���U�� �u�����]���]�v���o�U�� �}�Œ�v���u���v�š���o�X�X�X�•�� ���v���� ���v��
���À���Œ�r�]�v���Œ�����•�]�v�P�� �(�o�}�Á�� �}�(�� �P�}�}���•�� ���v���� �•���Œ�À�]�����•�� �o�������� �š�}�� �š�Z����
intentional or unintentional introduction of several 
thousands of species from tempered tropical zones all 
�}�À���Œ�� �š�Z���� �Á�}�Œ�o���X�� ���� �����Œ�š���]�v�� �‰�Œ�}�‰�}�Œ�š�]�}�v�� �}�(�� �š�Z���•���� �•�‰�����]���•��
�v�}�Á���‰�}�•���������Œ�����o���š�Z�Œ�����š���š�}���š�Z�����v���š�]�À�����(�o�}�Œ���X
�/�v�•�µ�o���Œ�]�š�Ç�� ���v���� �u�]���Œ�}�r���v�����u�]���]�š�Ç�� �u���l���� �š�Z���� �v���š�]�À���� �(�o�}�Œ����
more fragile and vulnerable, enhancing the risk of 
extinction and the biodiversity crisis on these oceanic 
�]�•�o���v���•�X�� �d�Z���� ���o�š���Œ���š�]�}�v�� ���v���� �����•�š�Œ�µ���š�]�}�v�� �}�(�� �Z�����]�š���š�•�� �Z���•��
had a hugely detrimental impact on the biodiversity 
�}�(�� �š�Z���� �]�•�o���v���X�� ���o�š�Z�}�µ�P�Z�� �š�Z���� �‰�Œ�}�����•�•�� �Z���•�� �•�o�}�Á������
down considerably under the combined action of an 

association of vigilants and a proactive policy for the 
preservation of native habitats and the conservation of 
native biodiversity, native vegetation continues to shrink 
�Z���Œ�������v�����š�Z���Œ���X
A variety of human disturbances (fires, wild grazing and 
the planting of crops in high mountain areas, plantations 
under trees, wild camping, the opening of paths, 
�}�À���Œ���Œ�}�Á���]�v�P�U�� �Y�•�� ���Œ���� ���}�v�š���u�‰�}�Œ���Œ�Ç�� ���Æ���u�‰�o���•�� �š�Z���š��
illustrate the more global problem of biological invasions 
���Ç���]�v�š�Œ�}���µ���������•�‰�����]���•���~�����E���D���•�����Œ�]�v�U���î�ì�í�ô�•�X

	 Red list of threatened species of the Vascular Flora 
of Reunion
���u�}�v�P�� �š�Z���� �]�v���]�P���v�}�µ�•�� �À���•���µ�o���Œ�� �‰�o���v�š�•�U�� �õ�ì�ñ�� �•�‰�����]���•�� �}�(��
ferns and flowering plants have been assessed using the 
Categories and Criteria of the IUCN Red List of Threatened 
�^�‰�����]���•�X�� �d�Z���� �•�š�µ���Ç�� �Á���•�� �����Œ�Œ�]������ �}�µ�š�� ���Ç�� �š�Z���� �/�h���E�� �&�Œ���v���Z��
National Committee, the MNHN, the Federation of National 
���}�š���v�]�����o�� ���}�v�•���Œ�À���š�}�Œ�]���•�l�&� ��� �Œ���š�]�}�v�� �����•�� ���}�v�•���Œ�À���š�}�]�Œ���•��
Botaniques Nationaux and the Conservatoire Botanique 
�E���š�]�}�v���o�� ������ �D���•�����Œ�]�v�X�� �d�Z�]�•�� �•�š�µ���Ç�� �Z�]�P�Z�o�]�P�Z�š�•�� �š�Z���� ���µ�Œ�Œ���v�š��
�•�š���š�����}�(�����(�(���]�Œ�•���}�v���Z���µ�v�]�}�v�V���]�š���•�Z�}�Á�•���š�Z���š���ð�õ���‰�o���v�š���•�‰�����]���•��
�~�ñ�X�ð�� �9�•�� �Z���À���� ���o�Œ�������Ç�� ���]�•���‰�‰�����Œ������ �(�Œ�}�u�� �š�Z���� �]�•�o���v���� ���v����
�š�Z���š�� ���v�}�š�Z���Œ�� �î�ó�ñ�� �•�‰�����]���•�� �~�ï�ì�X�ð�� �9�•�� ���Œ���� �v�}�Á�� ���o���•�•�]�(�]������ ���•��
�d�Z�Œ�����š���v�����U���]�v���š�Z�����(�}�o�o�}�Á�]�v�P�������š���P�}�Œ�]���•�W�����Z���~�õ�í���•�‰�����]���•�•�U��
EN (80) and VU (104) (The Flora of Reunion Island at Risk, 
�î�ì�í�ì�•���~�&�]�P�µ�Œ�����ô�•�X

Figure 8: Red list of threatened 
species of the Vascular Flora of 
Reunion Island
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�^�}�u�������Æ���u�‰�o���•���~�&�]�P�µ�Œ�����õ�•���]�v���o�µ�����W��
�rFoetidia mauritiana (Lecythidaceae) and Hibiscus 
columnaris (Malvaceae); CR
�rAloe macra (Asparagaceae) and Asplenium nidus 
(Aspleniaceae); EN

�rDisperis tripetaloides (Orchidaceae); VU
�rHeterochaenia rivalsii (Campanulaceae); NT 
 

Mayotte is composed of a group of volcanic islands more 
than 8 million years old, in the Comoros Archipelago, 
which is located in the Mozambique Channel and the 
�/�v���]���v�� �K�������v�X�� �D���Ç�}�š�š���� �]�•�� �u�������� �µ�‰�� �}�(�� �š�Á�}�� �u���]�v�� �]�•�o���v���•��
���v�����•���À���Œ���o���•�u���o�o���]�•�o���v���•�X���d�Z���Ç�����Œ�����Z�}�u�����š�}���������]�}���]�À���Œ�•�]�š�Ç��
�}�(���Á�}�Œ�o���Á�]�������]�u�‰�}�Œ�š���v�����X
Due to the subsidence of the island that gradually took 
place over the past 500,000 years, a large coral reef 
���v���� �o���P�}�}�v�� �•�µ�Œ�Œ�}�µ�v���]�v�P�� �š�Z���� �]�•�o���v���� ���u���Œ�P�����X�� �d�Z���•���� ���Œ����
exceptional for their size (1,000 km²) and for the rich 
biodiversity they host (more than 760 marine fishes of 
which 17 are threatened, according to the IUCN Red List 
of Threatened Species, 581 marine arthropod species, 
more than 450 cnidaria and 24 marine mammals) (IUCN 
���}�µ�v�š�Œ�Ç���&�}���µ�•�U���D���Ç�}�š�š���U���î�ì�í�õ�•�X
�D���Ç�}�š�š���[�•���(�o�}�Œ�����]�•���v�}�š�����À���v�o�Ç�����]�•�š�Œ�]���µ�š�������}�v���š�Z�����]�•�o���v�����t��
�u�}�Œ�����š�Z���v���ñ�ì���9���]�•���(�}�µ�v�����]�v���}�v�o�Ç���í�ì���9���}�(���š�Z�����š�}�š���o���š���Œ�Œ�]�š�}�Œ�Ç�X��
The existing flora is therefore not very representative of 
the actual natural heritage which the island could have 
���v�����Á�Z���š���Œ���u���]�v�•���]�•���Z�]�P�Z�o�Ç���š�Z�Œ�����š���v�������Á�]�š�Z�����Æ�š�]�v���š�]�}�v�X
The large wealth of Mayotte’s flora is shown by the 
high number of native species versus its land surface 
(Mayotte: 171 native species/100 km², Maurice: 37/100 
�l�u�ø�V�� �Z���µ�v�]�}�v�W�� �ï�ð�l�í�ì�ì�� �l�u�ø�•�X�� �������}�Œ���]�v�P�� �š�}�� �î�ì�í�í�� �����š���U��
there are 1,317 plant species of which 767 are native 
���v���� �ñ�ñ�ì�� ���Œ���� ���Æ�}�š�]���X�� ���u�}�v�P�� �š�Z���� �•�‰�����]���•�U�� �ð�ô�� ���Œ���� �•�š�Œ�]���š�o�Ç��
���v�����u�]�����š�}���š�Z�����]�•�o���v���X

However, much of Mayotte’s forests are degraded due 
to a very early human occupation of the island (from the 
���v�����}�(���š�Z�����ô�æ�Ú�������v�š�µ�Œ�Ç�•�X���D�}�Œ�����Œ�������v�š�o�Ç�U���š�Z�����Œ�����µ���š�]�}�v���]�v��
�v���š�µ�Œ���o�� ���v���� �•�����}�v�����Œ�Ç�� �(�}�Œ���•�š�� ���}�À���Œ���P���� �����š�Á�����v�� �í�õ�ô�ó��
and 2002 concerned more than 12,000 hectares of land, 
�������}�Œ���]�v�P�� �š�}�� ���•�š�]�u���š���•�X�� �d�Z�]�•�� �Œ�����µ���š�]�}�v�� �•�š�]�o�o�� ���}�v�š�]�v�µ���•��
today at a pace ranging from 50 to 100 hectares per year, 
as urban and agricultural pressures increase and there is 
�����o�����l���}�(�����}�v�š�Œ�}�o���u�����•�µ�Œ���•���]�v���‰�o�������X��
�K�v�o�Ç�� �ñ�� �9�� �}�(�� �š�Z���� �}�Œ�]�P�]�v���o�� �v���š�µ�Œ���o�� �À���P���š���š�]�}�v�� �Œ���u���]�v�•�X��
This vegetation has been preserved thanks to the 
topographic features of the areas (forests on slopes, 
crests and summits) which have limited the expansion 
of agricultural and the exploitation of forest and thanks 
to local beliefs (Ziyaras: holy lands inhabited by the 
���i�]�v�v�•���‰���}�‰�o���•�X���d�Z�����v���š�µ�Œ���o���o���v�����(�}�Œ���•�š�•�����}�À���Œ�������•�µ�Œ�(��������
�}�(�� �í�U�í�î�ï�� �Z�����š���Œ���•�� �Á�Z�]���Z�� �Œ���‰�Œ���•���v�š�•�� �ï�� �9�� �}�(�� �š�Z���� �š�}�š���o��
�š���Œ�Œ���•�š�Œ�]���o�� �o���v���•�� �]�v�� �D���Ç�}�š�š���� �~�ñ�9�� �������}�Œ���]�v�P�� �š�}�� �W���•�����o�U��
�î�ì�ì�î�•�X���/�v���������]�š�]�}�v�U���š�Z���Œ�������Œ�����ò�ò�ò���Z�����š���Œ���•���}�(���u���v�P�Œ�}�À���•�X����
The forests host five types of vegetation: dry forests 
and underbrush, mainly on the small islets (such as the 
National Nature Reserve of Mbouzi), the summits and 
peak domes; the mesophile forests on the West and 
South of the island; the wet forests above 300 meters 
�}�(�����o�š�]�š�µ�����V���š�Z�����Æ���Œ�}�r�•�µ���u�}�v�š���v�����(�}�Œ���•�š�•�����š���š�Z�����•�µ�u�u�]�š��
of Month Choungi and secondary forests mainly hosting 
���Æ�}�š�]�����•�‰�����]���•�X���d�Z�����u���i�}�Œ�]�š�Ç���}�(���š�Z�����š���Œ�Œ�]�š�}�Œ�Ç���]�•�����}�À���Œ���������Ç������

Figure 9: Examples of 
threatened species of the 
Vascular Flora of Reunion 
Island
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tree formation which present little diversity or originality 
in its composition and is interspaced with cultivated 
���Œ�����•�����v�����(���o�o�}�Á���o���v���X���d�Z���•�����(�}�Œ�u���š�]�}�v�•�����Œ�����š�Z�����Œ���•�µ�o�š���}�(��
recurrent human activities such as fires, scrub clearings, 
���Œ�}�‰�•�� ���v���� ���}�v�•�š�Œ�µ���š�]�}�v�� �~���}�µ�o�o���š�� ���š�� ���o�X�U�� �î�ì�ì�ñ�V�� �����Œ�š�Z���o���š��
�˜�� �s�]�•�����Œ���]�U�� �î�ì�í�î�V�� �/�h���E�U�� �D���Ç�}�š�š���[�•�� �(�o�}�Œ���� ���v���� �(�}�Œ���•�š�•�� �t��
���� �š�Z�Œ�����š���v������ �Z���Œ�]�š���P���U�� �î�ì�í�ï�•�X�� �������]�š�]�}�v���o�� �����š���� �}�v�� �š�Z����
Mayotte vegetation, flora and protected species and 
areas can be found in the following references: Pascal 
���š�� ���o�X�� �~�î�ì�ì�í�•�U�� �Z�}�o�o���v���� �˜�� �Z�}�o�o���v���� �~�î�ì�ì�ñ�•�U�� �����Œ�š�Z���o���š�� ���š�� ���o�X��
(2006), Barthelat (2007), Fadul (2010, 2011), Amann et 
���o�X���~�î�ì�í�í�•�U���'�µ�]�}�š���~�î�ì�í�í�•�X

	 Red list of threatened species of the Vascular Flora 
of Mayotte
In Mayotte, out of the 610 evaluated indigenous vascular 
�‰�o���v�š�� �•�‰�����]���•�U�� �ð�ï�� �9�� �}�(�� �š�Z���� �š�Z�Œ�����š���v������ �•�‰�����]���•�� �~�î�ò�ð��
species) fall in the following categories: CR (36 species), 
���E���~�ð�í�•�����v�����s�h���~�í�ô�ó�•���~�&�]�P�µ�Œ�����í�ì�•�X��
Some examples (Figure 11) include: 
�rAdansonia madagascariensis (Malvaceae) and Foetidia 
comorensis (Lecythidaceae); CR
�rHuperzia phlegmaria (Huperziaceae) and Aloe 
mayottensis (Asparagaceae); EN
�rVanilla humblotii (Orchidaceae); V

Figure 10: Red list of 
threatened species of the 
Vascular Flora of Mayotte

Figure 11: Examples of 
threatened species of the 
Vascular Flora of Mayotte
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	 Conservation strategies
Today, in Reunion Island, the flora is extremely threatened 
(Conservatoire Botanique National de Mascarin, 2007; 
�����Œ���š�� ���š�� ���o�X�U�� �î�ì�í�î�•�X�� �&�����]�v�P�� �š�Z�]�•�� �•�]�š�µ���š�]�}�v�U�� �]�š�� �Z���•�� �������v��
���}�v�•�]�����Œ������ ���•�•���v�š�]���o�� �š�}�� �����À�]�•���� ���� ���}�v�����Œ�š������ �]�•�o���v���r�Á�]������
�•�š�Œ���š���P�Ç���(�}�Œ���š�Z�������}�v�•���Œ�À���š�]�}�v���}�(���•�‰�����]���•�����v�����Z�����]�š���š�•�X���/�v��
this respect, Reunion Island constitutes an ideal ground 
for the study, experimentation and dissemination of 
�u���š�Z�}���•�� ���v���� �š�}�}�o�•�� �(�}�Œ�� �š�Z���� �‰�Œ�}�š�����š�]�}�v�� �}�(�� ���]�}���]�À���Œ�•�]�š�Ç�X��
�d�Z���� �^�^�š�Œ���š� �P�]���� �Z� �µ�v�]�}�v�v���]�•���� �‰�}�µ�Œ���o���� ���]�}���]�À���Œ�•�]�š� �_�� �~�^�Z���•��
�î�ì�í�ï�r�î�ì�î�ì���]�•���•�µ�‰�‰�}�Œ�š���������Ç�������•�š�Œ�}�v�P���‰�}�o�]�š�]�����o���P�}�À���Œ�v���v������
body whose mission is to ensure a political support for 
programmed actions and to verify that the protection 
�}�(�� ���]�}���]�À���Œ�•�]�š�Ç�� �]�•�� �Á���o�o�� �]�v�š���P�Œ���š������ ���š�� ���o�o�� �o���À���o�•�� �~�^�š�Œ���š� �P�]����
�Œ� �µ�v�]�}�v�v���]�•���� �‰�}�µ�Œ�� �o���� ���]�}���]�À���Œ�•�]�š� �U�� �î�ì�í�ð�V�� �^�š�Œ���š� �P�]���� ������
���}�v�•���Œ�À���š�]�}�v���������o�����(�o�}�Œ�������š�������•���Z�����]�š���š�•���������o�����Z� �µ�v�]�}�v�•�X
In Mayotte, most terrestrial natural habitats are 
fragmented and, compared to other overseas territories, 
�}�v�o�Ç�������(���Á���}�(���š�Z���u�����Œ�����µ�v�����Œ���o���P���o���‰�Œ�}�š�����š�]�}�v���•�š���š�µ�•�X��
The French IUCN Committee has been involved in 
�D���Ç�}�š�š�����•�]�v�������î�ì�í�î�X���D���Ç�}�š�š�����Z���•���������v���µ�v�����Œ���&�Œ���v���Z���Œ�µ�o����
�•�]�v�������í�ô�ð�í�U�����v�������������u�����������K�D���]�v���î�ì�í�í�X���d�Z�������}�u�u�]�š�š������
proposed its expertise to the local stakeholders to guide 
them towards the adoption of a territorial strategy for 
the protection of the biodiversity, an important local 
�Z���Œ�]�š���P���X�� �D���Ç�}�š�š���� �Z���•�� �š�Z�µ�•�� �������}�u���� �š�Z���� �(�]�Œ�•�š�� �}�À���Œ�•�����•��
collectivity to develop its strategy for the conservation 
���v���� �À���o�}�Œ�]�•���š�]�}�v�� �}�(�� �]�š�•�� ���]�}���]�À���Œ�•�]�š�Ç�X�� �� �D���Ç�}�š�š���� �u�����š�•�� �š�Z����

�}���i�����š�]�À���•���}�(���š�Z�����E���š�]�}�v���o���^�š�Œ���š���P�Ç���(�}�Œ�����]�}���]�À���Œ�•�]�š�Ç���î�ì�í�í�r
2020 and, at the international level, the Convention 
�}�v�� ���]�}�o�}�P�]�����o�� ���]�À���Œ�•�]�š�Ç�� �~�^�š�Œ���š� �P�]���� ���]�}���]�À���Œ�•�]�š� �� �‰�}�µ�Œ�� �o����
��� �À���o�}�‰�‰���u���v�š�����µ�Œ�����o�����������D���Ç�}�š�š���U���î�ì�í�ð�•�X

	 Protected areas	
In Reunion all types of vegetation are present in the 
�v���š�Á�}�Œ�l���}�(���v���š�µ�Œ���o���‰�Œ�}�š�����š���������Œ�����•�X���d�Z�����]�•�o���v�����]�•���Z�}�u�����}�(��
a National Park (core area: 1,054 km², which correspond 
�š�}�� �ð�î�� �9�� �}�(�� �š�Z���� �]�•�o���v���� �•�µ�Œ�(�������V�� �&�]�P�µ�Œ���� �í�î�•�U�� ���� �E���š�]�}�v���o��
�E���š�µ�Œ���� �Z���•���Œ�À���� �~���š���v�P�� ������ �^�š�r�W���µ�o�U�� �ð�U�ñ�� �l�u�ø�•�U�� �•���À���Œ���o��
���]�}�o�}�P�]�����o�� �Z���•���Œ�À���•�U�� �•�µ���Z�� ���•�� ��� ���}�µ�Œ�� �}�Œ�� �D���Ì���Œ�]�v�U�� �u���v�Ç��
sites belonging to the Conservatoire du Littoral/Coastal 
Protection Agency and a Marine Nature Reserve of 35 
�l�u�ø�X���d�Z�����������Œ�����•���(�}�Œ���š�Z�����W�Œ�}�š�����š�]�}�v���}�(�����]�}�š�}�‰���•�l���Œ�Œ�!�š� �•��
de Protection de Biotope and Sensitive Natural Areas/
Espaces Naturels Sensibles (ENS) are other protection 
�u�����•�µ�Œ���•���š�Z���š���Z���À�����������v���µ�v�����Œ�š���l���v���]�v���Z���µ�v�]�}�v���/�•�o���v���X��
�d�Z�����u�}�•�š���]�u�‰�}�Œ�š���v�š���•�]�š�����Z�}�Á���À���Œ���]�•���š�Z�����Z�W�]�š�}�v�•�U�����]�Œ�‹�µ���•��
���v���� �Z���u�‰���Œ�š�•�[�U�� �Á�Z�]���Z�� �(�}�Œ�u�� �ð�ì�� �9�� �}�(�� �š�Z���� �š���Œ�Œ�]�š�}�Œ�Ç�X�� �� �d�Z�]�•��
protected land has been registered on the list of the 
�h�E���^���K���t�}�Œ�o�����,���Œ�]�š���P�����•�]�š���•���]�v���î�ì�í�ì�X
Being fully aware of the wealth of the nature on the 
island and the multiple threats that it faces, the local 
players have implemented efficient tools for preserving 
and enhancing this unique environment, among them 
National Action Plans (NAPs) for the protection of 
endangered species, campaigns for combating and 

Figure 12: The protected areas 
in Reunion and Mayotte
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control alien invasive species or for increasing the value 
�}�(���o�}�����o���‰���Œ�(�µ�u���U�����Œ�}�u���š�]�������v�����u�����]���]�v���o���‰�o���v�š�•�X
�/�v�� �D���Ç�}�š�š���� �}�v�o�Ç�� �ì�X�î�� �9�� �}�(�� �š�Z���� �š���Œ�Œ�]�š�}�Œ�Ç�� ���Œ���� �‰�Œ�}�š�����š������
(National Nature Reserve of 82 ha created in 2007), on 
�š�Z�����•�u���o�o���/�•�o���v�����}�(���D�[���}�µ�Ì�]�X���/�(���š�Z�]�•���š�}�š���o���]�•�����}�u���]�v�������Á�]�š�Z��
the properties acquired by the Conservatoire du Littoral 
�~�í�U�ó�ì�ì�� �Z���•�U�� �š�Z���� �‰�Œ�}�š�����š������ ���Œ�����•�� �����Z�]���À���� ���o�u�}�•�š�� �ñ�� �9�� �}�(��
�š�Z�����š���Œ�Œ�]�š�}�Œ�Ç�X���/�š���•�Z�}�µ�o�����������������������š�Z���š���š�Z���Œ�������Œ�����•�]�Æ���^�(�}�Œ���•�š��
�Œ���•���Œ�À���•�_�� �~�ñ�U�ñ�ì�ì�� �Z���U�� �í�ñ�� �9�� �}�(�� �š�Z���� �š���Œ�Œ�]�š�}�Œ�Ç�•�� �Á�Z�]���Z�� ���Œ����

�•�š���š���r�}�Á�v���������v���������‰���Œ�š�u���v�š���o���(�}�Œ���•�š�•�X�����d�Z���•�����Œ���‰�Œ���•���v�š��
the last refuges where natural forest formations are 
found which are exceptional and unique in terms of 
biodiversity (ecosystems), as well as in their structure 
�~�(�}�Œ���•�š���•�š���v���•�•���~�&�]�P�µ�Œ�����í�î�•�X�������E���š�]�}�v���o���E���š�µ�Œ�����Z���•���Œ�À�����}�v��
3,000 ha of forests (see below) and two Decrees for the 
�W�Œ�}�š�����š�]�}�v���}�(�����]�}�š�}�‰���•�l���Œ�Œ�!�š� �•���������W�Œ�}�š�����š�]�}�v�����������]�}�š�}�‰����
���Œ�������o�•�}���‰�Œ�}�i�����š�����X

	 Case studies
A restoration program in Reunion Island 
�d�Z���� �•�]�š���� �}�(�� �^�'�Œ���v������ ���Z���o�}�µ�‰���[�� �~�î�ñ�ì�� �Z���•�� �]�•�� �}�v���� �}�(�� �š�Z����
ultimate remnants of xerophilous forest of the island, 
�Á�]�š�Z�� �î�ï�� �‰�Œ�}�š�����š������ �‰�o���v�š�� �•�‰�����]���•�X�� �d�Z���� �����}�•�Ç�•�š���u�•�� �Z���À����
�������v�� �����u���P������ ���Ç�� �(�]�Œ���� ���v���� ���]�}�o�}�P�]�����o�� �]�v�À���•�]�}�v�•�X�� �d�Z����
�‰�Œ�}�P�Œ���u�� �~�>�/�&���=�� ���K�Z���y���Z�h�E�•�� �Á���•�� ���}�(�]�v���v�������� ���Ç�� �š�Z����
European Commission and led by the National Park of 
Reunion Island, with the help of the Coastal Protection 
Agency, the Directorate for Environment, Development 
and Housing (DEAL), the Regional Council and the 
�'���v���Œ���o�����}�µ�v���]�o���}�(���>�����Z���µ�v�]�}�v���~�&�]�P�µ�Œ�����í�ï�•�X
A high diversity of habitats characterize the Grande 
���Z���o�}�µ�‰���� ���Œ������ �~�&�]�P�µ�Œ���� �í�ð�•�X�� �d�Z���� �‰�Œ�}�P�Œ���u�� ���]�u������ ���š��
the restoration of 30 ha of forests on slopes and the 
�Œ�����}�v�•�š�]�š�µ�š�]�}�v���}�(���õ���Z�����}�v���‰�o���š�����µ�X

The restoration and reconstitution processes were as 
follows: 
•	 collecting of about 300 000 seeds (2010/11) in the 

field,
•	 germination and cultivation in private nurseries for 6 

months (2011),
•	 plantation of 100 000 plants of 50 indigenous and 

endemic species in 2012/13 for restoration of 30 ha 
���v�����Œ�����}�v�•�š�]�š�µ�š�]�}�v���}�(���õ���Z���U���Á�]�š�Z���u���v���P���u���v�š�����P���]�v�•�š��
�]�v�À���•�]�À�����•�‰�����]���•�X

�d�Z���� �Œ�����}�v�•�š�]�š�µ�š�]�}�v�� �}�v�� �‰�o���š�����µ�� �Z���‰�‰���v������ ���µ�Œ�]�v�P�� �š�Z���� �í�å�æ��
term of 2012 with introduction of 30 000 plants of 50 
species in 500 plots of 20 m², with a density of 2 to 4 
�‰�o���v�š�•�l�u�ø�����v�����í�ì���š�}���í�ñ�����]�(�(���Œ���v�š���•�‰�����]���•�����Ç���‰�o�}�š�X��

Figure 13: The restoration 
�‰�Œ�}�i�����š�� �}�(�� �^�'�Œ���v������ ���Z���o�}�µ�‰���_��
in Reunion Island
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Figure 15 shows the planting of CR threatened species 
in March 2012, with examples of Ruizia cordata 
(Malvaceae), Polyscias cutispongia (Araliaceae), Stillingia 
lineata (Euphorbiaceae) and Poupartia borbonica 
�~���v�������Œ���]�����������•�X��
The second step of plantations happened in 2013
�~�ó�ì���ì�ì�ì���‰�o���v�š�•�•�X��	

Figure 16 shows the favorable evolution of plants 
introduced in 2012 with examples of Dombeya 
acutangula and Abutilon exstipulare (Malvaceae), and 
�}�š�Z���Œ���•�‰�����]���•�X��
�d�Z�����v���Æ�š���‰�Z���•���U���>�]�(���=���&�}�Œ�!�š���•�����Z���U���Á���•���]�v�]�š�]���š�������]�v���î�ì�í�ð���Á�]�š�Z��
a plantation program of 80 000 additional trees by 2020 to 
���o�o�}�Á���š�Z�������•�š�����o�]�•�Z�u���v�š�����v���������À���o�}�‰�u���v�š���}�(�������Ç�}�µ�v�P���(�}�Œ���•�š�X

Figure 14: The high diversity 
�}�(�� �Z�����]�š���š�•�� �]�v�� �š�Z���� �^�'�Œ���v������
Chaloupe” area

Figure 15: The planting of CR 
threatened species in March 
�î�ì�í�î	 ���]�v���^�'�Œ���v���������Z���o�}�µ�‰���_��
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�h�o�š�]�u���š���o�Ç�U�� ���v���� �]�v�� �Œ���š�µ�Œ�v�U�� �š�Z���� ���K�Z���y���Z�h�E�� �‰�Œ�}�i�����š�� �Á�]�o�o��
help disseminate a methodology and intervention 
procedures in other areas of the Mascarenes, allowing 
to increase knowledge around this under studied habitat 
and to raise awareness of the needs to preserve this 
�(�Œ���P�]�o�������v�����]���}�v�]���������}�•�Ç�•�š���u�X��

A project of protected area in Mayotte 
The project for the creation of a new National Nature 
Reserve in Mayotte aims at preserving 3,000 ha of forests 
�~�����X���ô���9���}�(���D���Ç�}�š�š�����•�µ�Œ�(�������•���š�Z���š�����Œ�����•�µ���i�����š���š�}���P�Œ�}�Á�]�v�P��
���v�š�Z�Œ�}�‰�}�P���v�]���� �‰�Œ���•�•�µ�Œ���•�� ���v���� �]�u�‰�����š�•�� �~�&�]�P�µ�Œ���� �í�ó�•�X�� �d�Z����
reserve will cover 6 areas of State and Departmental 
�(�}�Œ���•�š�•���}�v���š�Z�����]�•�o���v���X���d�Z�]�•���Œ���•���Œ�À�����‰�Œ�}�i�����š�U���o�}�����š������ �}�v������
hotspot of terrestrial biodiversity, is supported by the 
Ministry of Ecological and Inclusive Transition since 2017 
���v�����o���µ�v���Z�������Á�]�š�Z���š�Z���������‰���Œ�š�u���v�š���o�����}�µ�v���]�o���}�(���D���Ç�}�š�š���X��
It is also supported by the French committee of the 
International Union for the Conservation of Nature (IUCN) 
which had alerted, last May, on the state of mangroves 
�^�]�v�� ���Œ�]�š�]�����o�� �����v�P���Œ�_�X�� �d�Z���� �v���Á�� �E���š�]�}�v���o�� �E���š�µ�Œ���� �Z���•���Œ�À����
will be added to the management plan for sensitive 
natural areas and to the ecological coherence scheme 
�}�(�� �D���Ç�}�š�š���X�� ���� ���o���•�•�]�(�]�����š�]�}�v�� �}�(�� �š�Z���� �o���P�}�}�v�� ���•�� ���� �h�E���^���K��
�t�}�Œ�o���� �,���Œ�]�š���P���� �]�•�� ���o�•�}�� �‰�o���v�v������ �~�����š�µ�r���v�À�]�Œ�}�v�v���u���v�š�U��
�î�ì�í�ó�•�X��

	 Key actors of the conservation
The implementation of the Global Strategy for Plant 

Conservation (GSPC) is ensured in France by work 
�µ�v�����Œ�š���l���v�� ���Ç�� �u�µ�o�š�]�‰�o���� �����š�}�Œ�•�X�� �d�Á�}�� �v���š�Á�}�Œ�l�•�� ���Œ����
particularly active and committed: the network of 
National Botanical Conservatories (Conservatoires 
Botaniques Nationaux/CBN) and the network of Botanic 
�'���Œ�����v�•�X

The National Botanical Conservatories (Conservatoires 
Botaniques Nationaux/CBN) 

 The National Botanical Conservatories 
benefit from legislative recognition since the law on the 
national commitment for the environment known as the 
�'�Œ���v���o�o�����/�/���o���Á���Á���•�����v�����š�������}�v���:�µ�o�Ç���í�î�U���î�ì�í�ì�X���d�Z���Ç�����Æ���Œ���]�•����
missions of knowledge of the state and the evolution of 
�š�Z���� �Á�]�o���� �(�o�}�Œ���� ���v���� �v���š�µ�Œ���o�� ���v���� �•���u�]�r�v���š�µ�Œ���o�� �Z�����]�š���š�•�U��
identification and conservation of rare and endangered 
flora and habitats, scientific and technical competitions 
with public authorities (State, local authorities) and 
�‰�µ���o�]���� ���Á���Œ���v���•�•�X�� �d�Z���Ç�� �‰���Œ�š�]���]�‰���š���� �]�v�� �š�Z���� �����À���o�}�‰�u���v�š��
and implementation of the National Inventory of Natural 
�,���Œ�]�š���P���� �~�/�E�W�E�•�X�� ���•�� �‰���Œ�š�� �}�(�� �š�Z���]�Œ�� �‰�µ���o�]���� �•���Œ�À�]������ �u�]�•�•�]�}�v�U��
and based on their field inventory work, they prioritize the 
conservation of rare or endangered species in their territory 
�}�(�����‰�‰�Œ�}�À���o�X���/�v���•�µ�‰�‰�}�Œ�š���}�(���š�Z�]�•���•�š�Œ���š���P�Ç�U���š�Z���Ç���u���v���P���U���Á�Z���Œ����

Figure 16: The favorable 
evolution of plants introduced 
�]�v���î�ì�í�î���]�v���^�'�Œ���v���������Z���o�}�µ�‰���_
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�v�������•�•���Œ�Ç�U���•�������������v�l�•�����v�������}�v�•���Œ�À���š�}�Œ�Ç�����}�o�o�����š�]�}�v�•�X���d�Z���Ç��
carry out their conservation actions in partnership with 
�v�µ�u���Œ�}�µ�•���]�v�•�š�]�š�µ�š�]�}�v���o���}�Œ�����•�•�}���]���š�������•�š�Œ�µ���š�µ�Œ���•�X
The National Botanical Conservatories are today major 
tools for the implementation of State policy in the 
framework of international conventions, European 
directives, national legislation, for the knowledge and 
�‰�Œ�}�š�����š�]�}�v���}�(���Á�]�o�����(�o�}�Œ�������v�����(���µ�v�������v�����v���š�µ�Œ���o���Z�����]�š���š�•�X
The network of CBN employs over 300 people and 
includes eleven structures approved by the Ministry in 
charge of nature protection: ten in Metropolitan France 
���v�����}�v�����(�}�Œ���Z���µ�v�]�}�v�U���D���Ç�}�š�š�������v�����š�Z�����^�����š�š���Œ�������/�•�o���v���•�X��
Two conservatories are currently preparing an application 
for approval in the West Indies and two further projects 
are under development, one in French Guiana and one 
�(�}�Œ���(�µ�o�o���P���}�P�Œ���‰�Z�]�����o�����}�À���Œ���P�����]�v���E�}�Œ�š�Z�����•�š���Œ�v���&�Œ���v�����X

 The Conservatoire Botanique National 
������ �D���•�����Œ�]�v�� �~�&�]�P�µ�Œ���� �í�ó�•�U�� ���Œ�����š������ �]�v�� �í�õ�ô�ò�� �]�v�� �Z���µ�v�]�}�v��
Island, conducts missions of knowledge, conservation 
and expertise on wild flora, vegetation and natural 
�Z�����]�š���š�•�X�� �h�v�š�]�o�� �í�õ�õ�ò�U�� �š�Z���� �u���]�v�� �P�}���o�� �}�(�� �����E�D�� �Á���•��
primarily focused on ex situ conservation; the cultivation 
and the propagation of rare and threatened plants 
endemic to Reunion and of the other Mascarene Islands 
�~�v���u���o�Ç�� �D���µ�Œ�]�š�]�µ�•�� ���v���� �Z�}���Œ�]�P�µ���•�•�� ���v���� �D�������P���•�����Œ�X��
Now, The Conservatory is becoming more involved 
in the management and monitoring of species and 
populations in their natural habitats, including the study 
and control of invasive plants, which are recognized as 
one of the major threats to island native floras, and are 
���o�•�}���}�(���P�Œ�}�Á�]�v�P���]�u�‰�}�Œ�š���v�������(�}�Œ�����}�š���v�]�����P���Œ�����v�•�X��Ex situ 
propagation is considered as the last lifebuoy of a species 
�}�v�� �š�Z���� �À���Œ�P���� �}�(�� ���Æ�š�]�v���š�]�}�v�� �~���•�� �‹�µ�}�š������ ���Ç�� �š�Z���� �o���š���� �:�X�r�W�X��
Galland who founded the network of National Botanical 
���}�v�•���Œ�À���š�}�Œ�]���•���]�v���&�Œ���v�������]�v���í�õ�ô�ô�•�U�����v���������š�}�}�o���(�}�Œ��in situ 
conservation programs (reintroduction, population 
reinforcement in the wild, habitat restoration) (The 
���}�v�•���Œ�À���š�}�]�Œ�������}�š���v�]�‹�µ�����E���š�]�}�v���o���������D���•�����Œ�]�v�U���î�ì�ì�í�•�X
The Conservatoire Botanique National de Mascarin is 
currently the only conservatory in the French ODCT and 
has become a key player on the major issues of biodiversity 
���}�v�•���Œ�À���š�]�}�v���š�Z�Œ�}�µ�P�Z�}�µ�š���š�Z�����^�}�µ�š�Z���t���•�š���/�v���]���v���K�������v�X��
The National agreement has been delivered for Reunion 
�/�•�o���v�����]�v���í�õ�õ�ï�����v�����(�}�Œ���D���Ç�}�š�š�����˜�����‰���Œ�•�����/�•�o���v���•���]�v���î�ì�ì�ó�X

 The Conservatoire Botanique National de 
Brest is a public, scientific and technical establishment, 
���Œ�����š�������]�v���í�õ�ó�ñ�X���/�š�•���(�]�Œ�•�š���u�]�•�•�]�}�v���]�•���š�}���‰�Œ���•���Œ�À�����š�Z�����Á�]�o����
�‰�o���v�š�� ���]�À���Œ�•�]�š�Ç�� �}�(�� �š�Z���� �t���•�š�� �}�(�� �&�Œ���v�����X�� �/�š�� ���o�•�}�� �•�µ�‰�‰�}�Œ�š�•��
�‰�o���v�š�����}�v�•���Œ�À���š�]�}�v���‰�Œ�}�i�����š�•���]�v���}�š�Z���Œ���‰���Œ�š�•���}�(���š�Z�����Á�}�Œ�o���X��
It is not only involved in the rescue of plant species that 
are endangered in the wild, but also in the preservation 
�}�(�� �‰�o���v�š�•�� �]�v�� �š�Z���]�Œ�� �v���š�µ�Œ���o�� ���v�À�]�Œ�}�v�u���v�š�•�X�� �/�š�� �]�•�� ���•�‰�����]���o�o�Ç��
involved in the conservation of endangered plant 
species of the overseas islands (Reunion, Guadeloupe, 
�D���Œ�š�]�v�]�‹�µ���� ���v���� �W�}�o�Ç�v���•�]���•�X�� �/�š�� �Z���•�� ���o�•�}�� �����Œ�Œ�]������ �}�µ�š��
conservation actions for endangered and protected 
�•�‰�����]���•���}�(���&�Œ���v���Z���'�µ�]���v���X���&�µ�Œ�š�Z���Œ�u�}�Œ���U���]�š�•���]�v�š���Œ�v���š�]�}�v���o��
actions include the conservation of threatened plants of 
some oceanic islands (Mascarenes, Madagascar, Haïti 
���v���� �š�Z���� �����Œ�]���������v�•�X�� ���•�� ���v�� �������Œ�����]�š������ ���}�v�•���Œ�À���š�}�]�Œ����
botanique, it also participates in the implementation of 
�v���š�]�}�v���o�����]�}���]�À���Œ�•�]�š�Ç���‰�}�o�]���]���•�X

The network of French Botanic Gardens

���D���š�Œ�}�‰�}�o�]�š���v���&�Œ���v�������]�v���o�µ�����•���õ�ì�����}�š���v�]����
gardens, a mosaic of structures of different statutes: 
university botanic gardens, national or municipal gardens, 
conservatoires botaniques, associative or private 
�P���Œ�����v�•�X���d�Z�����}�o�����•�š���&�Œ���v���Z�����}�š���v�]�����P���Œ�����v���Á���•�����Œ�����š������
�]�v���D�}�v�š�‰���o�o�]���Œ���]�v���í�ñ�õ�ð�X���d�Z���•�������}�š���v�]�����P���Œ�����v�•���Z���À�����������v��
�}�Œ�P���v�]�Ì�������]�v�������v���š�]�}�v���o���‰�Œ�}�(���•�•�]�}�v���o���v���š�Á�}�Œ�l���•�]�v�������í�õ�ó�õ��
�µ�v�����Œ���š�Z���������P�]�•���}�(�������o���P���o�o�Ç���Œ�����}�P�v�]�Ì���������•�•�}���]���š�]�}�v�X���d�Z����
���•�•�}���]���š�]�}�v���Á���•���š�Z���v���}�‰���v�������µ�‰���]�v���í�õ�õ�ð���š�}���u���u�����Œ�•�Z�]�‰��
by the botanic gardens in Francophone countries and 
�]�•���v�}�Á�������o�o������� �̂:���Œ���]�v�•�����}�š���v�]�‹�µ���•���������&�Œ���v���������š�������•���‰���Ç�•��
�(�Œ���v���}�‰�Z�}�v���•�_�X���K�À���Œ�•�����•�U���]�š���]�v���o�µ�����•���š�Z�����:���Œ���]�v�����}�š���v�]�‹�µ����
�������D���•�����Œ�]�v�U���]�v���Z���µ�v�]�}�v���/�•�o���v���X���/�š�•���v���š�Á�}�Œ�l���v�}�Á�����Æ�š���v���•��
�Á���o�o�� �����Ç�}�v���� �š�Z���� �v���š�]�}�v���o�� �š���Œ�Œ�]�š�}�Œ�Ç�U�� �]�v�� �&�Œ���v���Z�r�•�‰�����l�]�v�P��
European countries such as Switzerland, Luxembourg 
and Belgium, in the Caribbean and also in the Southern 
�Z���u�]�•�‰�Z���Œ�����]�v���D�������P���•�����Œ�U���^���v���P���o�����v�����s�]���š�v���u�X���/�š���v�}�Á��
�]�v���o�µ�����•���}�À���Œ���î�ì�ì���u���u�����Œ�•�X��
These structures participate, each in their own way, in 
programs for the conservation of plant diversity through 
research projects, integrated conservation, education, 
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as well as in raising public awareness of the need to 
preserve biodiversity and the sustainable management 
�}�(���Œ���•�}�µ�Œ�����•���}�(���š�Z�����‰�o���v���š�X���d�Z�������•�•�}���]���š�]�}�v���•�µ�‰�‰�}�Œ�š�•���š�Z����
creation or evolution of botanic gardens and organizes 
scientific and technical training sessions each year 
bringing together the different actors working in these 
�]�v�•�š�]�š�µ�š�]�}�v�•�X
After almost 40 years of existence and 30 accredited 
gardens, the association pursues its primary mission: 
to promote the perpetuation and creation of plant 
���}�o�o�����š�]�}�v�•�X���/�š�����v�•�µ�Œ���•���š�Z�����o�]�v�l�������š�Á�����v���]�š�•���u���u�����Œ�•�U���Á�]�š�Z��
varied statutes but animated by the same will, that of 
growing and supplying botanical knowledge for purposes 
�}�(�� �•���]���v�š�]�(�]���� �Œ���•�����Œ���Z�U�� ���}�v�•���Œ�À���š�]�}�v�� ���v���� �����µ�����š�]�}�v�X��
The association is represented in major European 
and International bodies mobilizing botanic gardens 
for the conservation of biodiversity and education for 
�•�µ�•�š���]�v�����o���������À���o�}�‰�u���v�š�X��

The Directions régionales de l’Environnement, de 
l’Aménagement et du Logement (DEAL) and the French 
National Action Plans (PNA/NAPs) 

 National Action Plans are guidance 
documents aimed at defining the actions necessary for 
the conservation and restoration of the most endangered 
animal and plant species in order to ensure their good 
�•�š���š���� �}�(�� ���}�v�•���Œ�À���š�]�}�v�X�� �d�Z���� �(�]�Œ�•�š�� �‰�o���v�•�� �Á���Œ���� �o���µ�v���Z������
�����š�Á�����v�� �î�ì�í�î�� ���v���� �î�ì�í�ñ�X�� �d�Z���Ç�� ���Œ���� �o�}�����o�o�Ç�� ���}�}�Œ���]�v���š������
���Ç�� �š�Z���� ���]�Œ�����š�]�}�v�•�� �Œ� �P�]�}�v���o���•�� ������ �o�[���v�À�]�Œ�}�v�v���u���v�š�U�� ������
�o�[���u� �v���P���u���v�š�� ���š�� ���µ�� �>�}�P���u���v�š�� �~�������>�•�X�� �K�v�� �Z���µ�v�]�}�v��
Island, the DEAL Reunion coordinates the following four 
action plans:
�{	 �W�E�����Z���}�]�•���������‰�}�]�À�Œ���[���r��Zanthoxylum heterophyllum (EN)
�{	 �W�E�����Z���}�]�•���������‰���‰���Ç���[���r��Polyscias aemiliguineae (CR)
�{	 �W�E�����Z���}�]�•�����o���v�����Œ�}�µ�P���[���r��Poupartia borbonica (CR)
�{	 �W�E�����Z���}�]�•���������•���v�š���µ�Œ�����o���v���[���r��Ruizia cordata (CR)

The Conservatoire du Littoral 

 The Conservatoire du Littoral 
(Coastal Protection Agency) is a unique administrative 
�‰�µ���o�]���� �]�v�•�š�]�š�µ�š�]�}�v�� ���Œ�����š������ �]�v�� �í�õ�ó�ñ�� ���v���� �������]�����š������ �š�}�� �š�Z����
�����‹�µ�]�•�]�š�]�}�v�� ���v���� �‰�Œ�}�š�����š�]�}�v�� �}�(�� ���}���•�š���o�� ���Œ�����•�X�� �/�š�•�� �‰�µ�Œ�‰�}�•����
is to conduct, in partnership with the local authorities, a 

land policy to safeguard the coastal areas and the respect 
�(�}�Œ���v���š�µ�Œ���o���•�]�š���•�����v�����š�Z���]�Œ�������}�o�}�P�]�����o�������o���v�����X
The actions are conducted according to 3 areas of 
intervention:
•	 Maintain large natural landscape,
•	 Protect coastal ecosystems with strong ecological 

interest,
•	 Welcome the public to the sites to discover and 

raise awareness on the challenges of preserving the  
�v���š�µ�Œ���o�����v�������µ�o�š�µ�Œ���o���Z���Œ�]�š���P���X

The aim is to protect a third of the coastline of 
Metropolitan and Overseas France by 2050, including, 
in addition to the Conservatoire sites, the coastline 
protected by national parks, nature reserves, listed 
�Z���Œ�]�š���P�����•�]�š���•�U���•�š���š���r�}�Á�v�������(�}�Œ���•�š�•�����v�����•���v�•�]�š�]�À�����v���š�µ�Œ���o��
���Œ�����•���~�W�Œ�}�š�����š���������Œ�����•���]�v���&�Œ���v�����U���î�ì�í�ï�•�X
�^�]�v������ �í�õ�ó�ñ�U�� �š�Z���� ���}�v�•���Œ�À���š�}�]�Œ���� ���µ�� �>�]�š�š�}�Œ���o�� �Z���•�� �����‹�µ�]�Œ������
vulnerable and threatened coastal and lakeshore areas to 
���v�•�µ�Œ�����š�Z���]�Œ���‰���Œ�u���v���v�š���‰�Œ�}�š�����š�]�}�v�X���d�Z�]�•���o���v���r�‰�µ�Œ���Z���•�]�v�P��
policy aims at safeguarding natural areas of ecological 
and landscape value on the coastline and lakeshores, 
�Á�Z�]�o���� ���v�•�µ�Œ�]�v�P�� �‰�µ���o�]���� ���������•�•�X�� �d�Z���� �o���v���� �]�•�� �����‹�µ�]�Œ������
���u�]�������o�Ç�U�����Ç���‰�Œ���r���u�‰�š�]�}�v�U�����v�����}�v�o�Ç���]�v�����Æ�����‰�š�]�}�v���o�������•���•��
���Ç�� ���Æ�‰�Œ�}�‰�Œ�]���š�]�}�v�X�� �K�v������ �]�v���}�Œ�‰�}�Œ���š������ �]�v�š�}�� �š�Z���� �‰�µ���o�]����
���}�u���]�v�U���]�š���������}�u���•���À�]�Œ�š�µ���o�o�Ç���]�v���o�]���v�����o���X��
Numerous planning operations aimed at receiving 
visitors and restoring natural habitats, as well as daily 
management interventions, are performed in order 
to restore often degraded ecosystems and to regulate 
�‰�µ���o�]�����À�]�•�]�š�•�����v�����µ�•���X
Inspired by the British National Trust, the Conservatoire 
du littoral sets up management partnerships, primarily 
with local communities, to promote a local sense of 
�}�Á�v���Œ�•�Z�]�‰���}�(���š�Z�����•�]�š���•�X���d�}�����Ç�U���v�����Œ�o�Ç���í�ï���9���}�(���š�Z�����&�Œ���v���Z��
coastline (1,450 km, 203,645 ha, 750 sites) are protected 
�µ�v�����Œ���š�Z�]�•���•�Ç�•�š���u���~���}�v�•���Œ�À���š�}�]�Œ�������µ���o�]�š�š�}�Œ���o�U���î�ì�í�õ�•�X��
In Reunion Island, the Conservatoire du littoral currently 
manages 17 sites with a total area of approximately 1,713 
�Z���U���š�Z���š�����Œ�����•�‰�Œ���������}�À���Œ���š�Z�������v�š�]�Œ�������}���•�š�o�]�v���X���d�Z�������P���v���Ç��
owns the sites, but the management is carried out by 
partners, primarily local authorities, or other structures 
�~���•�•�}���]���š�]�}�v�•�U�� �E�&���•�U�� �W���Œ�l�•�U�� �K�E���&�^�U�� ���š���X�•�� �~���}�v�•���Œ�À���š�}�]�Œ����
���µ���o�]�š�š�}�Œ���o���������o�����Z� �µ�v�]�}�v�U���î�ì�í�ò�•�X
In Mayotte, the Conservatoire du littoral permanently 
protects 1,708 hectares of woody, sandy or rocky shores 
�•�‰�Œ�������� �}�À���Œ�� �(�]�(�š�����v�� �•�]�š���•�X�� �D���v�Ç�� �Z�����]�š���š�•�� �}�(�� ���v�����v�P���Œ������
species and remarkable ecosystems are thus preserved: 
beaches for sea turtles, lakes, mangroves, islets, dry 
�(�}�Œ���•�š�•�X
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Figure 17:  Intervention sites of 
the Conservatoire du Littoral/
Coastal Protection Agency 
(Mayotte and Reunion)

The Figure 17 presents the sites of the Coastal Protection 
���P���v���Ç���]�v���D���Ç�}�š�š�������v�����Z���µ�v�]�}�v���/�•�o���v���•�X

The Muséum National d´Histoire Naturelle (MNHN)  

�� �d�Z���� �D�µ�•� �µ�u�� �v���š�]�}�v���o�� ���[�,�]�•�š�}�]�Œ����
naturelle has a long tradition of overseas research in 
all areas of its statutory missions (collections, research, 
�š�������Z�]�v�P�U�� ���]�•�•���u�]�v���š�]�}�v�U�� ���Æ�‰���Œ�š�]�•���•�X�� �d�Z���� �D�µ�•� �µ�u�� �Z���•��
representatives in French Guiana and Reunion Island 
but it is also involved in all overseas collectivities where 
it initiates and performs many studies, in particular 
�]�v�� �š�Z���� �(�]���o���� �}�(�� ���]�}���]�À���Œ�•�]�š�Ç�� �]�v�À���v�š�}�Œ�]���•�X�� �&�}�Œ�� ���Æ���u�‰�o���U��
Reunion and Mayotte are home of a vast array of studies 
�µ�v�����Œ�š���l���v�����Ç���š�Z�����D�µ�•� �µ�u�[�•���•���]���v�š�]�•�š�•�����v�������Æ�‰���Œ�š�•���~�‰�o���v�š��
inventories and taxonomy, islands hygrophilous habitats, 
phototrophic microorganisms and new cyanobacteria 
in volcanic areas, interactions between ecology and 
���v�š�Z�Œ�}�‰�}�o�}�P�Ç�U�����š���X�•�X
�/�v�� �š�Z���� �(�]���o���� �}�(�� ���Æ�‰�����]�š�]�}�v�•�U�� �^�>���� �W�o���v���š���� �Œ���À�]�•�]�š� ���l�K�µ�Œ��
Planet Reviewed” is a major exploration programme of 
the natural world aiming at acquiring new knowledge in 
the regions of the planet with the greatest biodiversity, 
���µ�š�� �Á�Z�]���Z�� �Z���À���� �Œ���u���]�v������ �o���Œ�P���o�Ç�� �µ�v���Æ�‰�o�}�Œ�����X�� �&�Œ���v���Z��
�'�µ�]���v�����Á���•���À�]�•�]�š������ �]�v���î�ì�í�ð�r�î�ì�í�ñ�����v�����E���Á�������o�����}�v�]���� �]�v��
�î�ì�í�ò�r�î�ì�í�ô�X��
Initiatives for raising awareness on the biodiversity of 
other French ODCT and on the threats they face include 
the establishment of the New Caledonian greenhouse in 

�î�ì�í�ì���Á�]�š�Z���]�š�•���•�‰�����]�(�]�����‰�o���v�š�����}�o�o�����š�]�}�v�•���~�>���Œ�‰�]�v�����š�����o�X�U���î�ì�í�í�•�X��
The five most threatened or important ecosystems of 
the archipelago (humid forest, dry forest, mine maquis, 
savanna and mangrove) have been reconstituted and 
���v�Z���v�������� ���Ç�� ���v�� �}�Œ�]�P�]�v���o�� �•�����v�}�P�Œ���‰�Z�Ç�X�� ���v�}�š�Z���Œ�� �•�š�Œ�]�l�]�v�P��
example is the Great Greenhouse of the renovated 
Parc zoologique de Paris (reopened in 2014) in which 
�š�Z���� ���š�u�}�•�‰�Z���Œ���� �~�‰�o���v�š�•�� ���v���� ���v�]�u���o�•�•�� �}�(�� �š�Z���� �'�µ�]���v���v�r
Amazonian and Malagasy tropical rainforests has been 
�Œ�����Œ�����š�������~�•�}�}�o�}�P�]�����o���W���Œ�l���}�(���W���Œ�]�•�U���î�ì�í�ð�•�X��

	 The threatened flora of Mayotte and Reunion 
Islands in ex situ collections, botanical gardens and 
seed banks 
In order to be in line with GSPC target 8, France should 
���]�u�����š�����}�v�•���Œ�À�]�v�P�����š���o�����•�š���ó�ñ���9���}�(�� �š�Z���� �š�Z�Œ�����š���v������ �(�o�}�Œ����
of Mayotte and Reunion Islands in ex situ collections, 
botanic gardens and seed banks, preferably in the 
���}�µ�v�š�Œ�Ç�� �}�(�� �}�Œ�]�P�]�v�� ���v���� �u���l���� �•�µ�Œ���� �š�Z���š�� ���š�� �o�����•�š�� �î�ì�� �9�� ���Œ����
���À���]�o�����o�����(�}�Œ���Œ�����}�À���Œ�Ç�����v�����Œ���•�š�}�Œ���š�]�}�v���‰�Œ�}�P�Œ���u�•�X
A first census of these threatened taxa with IUCN Status 
���E�U�����Z�U�����y�����t�U���Z�������}�v�•���Œ�À�������]�v���v���š�]�}�v���o��ex situ collections 
has been made using the BGCI PlantSearch Database 
�~�Z�š�š�‰�•�W�l�l�Á�Á�Á�X���P���]�X�}�Œ�P�l�‰�o���v�š�z�•�����Œ���Z�X�‰�Z�‰�•�� ���v���� �}�š�Z���Œ��
�•�}�µ�Œ�����•�� �}�(�� �]�v�(�}�Œ�u���š�]�}�v�X�� �î�ì�� �š���Æ���� �]�v�� �š�Z���•���� �����š���P�}�Œ�]���•�� ���Œ����
�(�}�µ�v�����]�v���D���Ç�}�š�š�������v�����ò�í���]�v���Z���µ�v�]�}�v�X���d�����o�����î���•�Z�}�Á�•���š�Z����
contribution of the French Botanic Gardens and National 
Conservatories, among them some that have not yet 
been mentioned in this article (Conservatoire botanique 
et jardins botaniques de Nancy, Jardin botanique de la 
ville de Lyon, Jardin botanique de la ville de Paris, Jardin 
���}�š���v�]�‹�µ�����������o�����À�]�o�o�����������^�š�Œ���•���}�µ�Œ�P�•�X
The census has also been made for threatened taxa 
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Table 3: Census of threatened 
taxa of Mayotte in International 
ex situ collections (IUCN status 
���E�U�����Z�U�����y�����t�U���Z���•

Table 2: Census of threatened 
taxa of Mayotte and Reunion in 
French ex situ collections (IUCN 
�•�š���š�µ�•�����E�U�����Z�U�����y�����t�U���Z���•

�Á�]�š�Z�� �/�h���E�� �^�š���š�µ�•�� ���E�U�� ���Z�U�� ���y�� ���t�U�� �Z���� �(�Œ�}�u�� �D���Ç�}�š�š���� ���v����
Reunion conserved in international ex situ collections (38 
�š���Æ�����(�}�Œ���D���Ç�}�š�š�������v�����õ�ð���(�}�Œ���Z���µ�v�]�}�v�����Œ�����]�v���o�µ�������•�X���d�Z����
results are presented in Tables 3 and 4 respectively for 
Mayotte and Reunion, showing the largest contributions 
for some botanic gardens in Europe (Kew, Edinburgh, 
Meise), North America (Bishop Museum, Marie Selby, 
���š�o���v�š���•�U�����•�]�����~�^�]�v�P���‰�}�Œ���•�����v�������µ�•�š�Œ���o�]�����~�^�Ç���v���Ç�•�X
�>���•�š�o�Ç�� �š�Z���� �š�Z�Œ�����š���v������ �š���Æ���� �~�/�h���E�� �^�š���š�µ�•�� ���E�U�� ���Z�U�� ���y�� ���t�U��
RE) of these two French Overseas Departments not 
represented in ex situ collections are shown in Table 5 
�~�î�õ���(�}�Œ���D���Ç�}�š�š�������v�����í�ì�ð���(�}�Œ���Z���µ�v�]�}�v�•�X

For Mayotte out of 71 threatened species evaluated with 
�/�h���E���^�š���š�µ�•�����E�U�����Z�U�����y�����t�U���Z���U���ð�î���~�ñ�õ���9�•�����Œ�������}�v�•���Œ�À������
in ex situ�� ���}�o�o�����š�]�}�v�•�� �~�&�Œ���v���Z�� ���v���� �]�v�š���Œ�v���š�]�}�v���o�•�� ���v���� �î�õ��
���Œ�����v�}�š���Œ���‰�Œ���•���v�š�����X��
For Reunion out of 216 threatened species evaluated with 
�/�h���E���^�š���š�µ�•�����E�U�����Z�U�����y�����t�U���Z���U���í�í�î���~�ñ�î���9�•�����Œ�������}�v�•���Œ�À������
in ex situ collections (French and international) and 104 
���Œ�����v�}�š�X
The results of the census carried out for both French 
Overseas Departments are encouraging with more 
than half of the threatened evaluated species currently 
conserved ex situ�X�� ���µ�š�� �š�Z���•���� �š���Æ���� �Z���À���� �µ�v���‹�µ���o��
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Table 4: Census of threatened 
taxa of Reunion in International 
ex situ collections (IUCN status 
���E�U�����Z�U�����y�����t�U���Z���•

Table 5:  Census of threatened 
taxa of Mayotte and 
Reunion not represented in 
International ex situ collections 
�~�/�h���E�� �•�š���š�µ�•�� ���E�U�� ���Z�U�� ���y�� ���t�U��
RE)

�Œ���‰�Œ���•���v�š���š�]�}�v�X�����^�}�u�����š���Æ�������Œ�����(�Œ���‹�µ���v�š�o�Ç���‰�Œ���•���v�š���]�v���š�Z����
different Conservatoires or Jardins botaniques, whereas 
other species are only represented by a small number or 
even a single accession (data has been obtained but is 
�v�}�š�� �•�Z�}�Á�v�� �]�v�� �š�Z���� �š�����o���•�•�X�� �&�µ�Œ�š�Z���Œ�u�}�Œ���U�� �š�Z���� �‰���Œ�����v�š���P����
of availability of these taxa for recovery and restoration 

�‰�Œ�}�P�Œ���u�•���Z���•���v�}�š���Ç���š���������v�����À���o�µ���š�������]�v���š�Z�����‰�Œ���•���v�š���•�š�µ���Ç�X��
This shows that the objectives are not yet achieved and 
that there are efforts still to be made, at least by 2020, 
to achieve the conservation of these sensitive species 
�}�µ�š�•�]�������}�(���š�Z���]�Œ���š���Œ�Œ�]�š�}�Œ�Ç���}�(���}�Œ�]�P�]�v�X

CONCLUSION
As a response to its international commitments to 
safeguard and preserve plant biodiversity, France has 
developed a series of appropriate structures, tools, 

�u�����•�µ�Œ���•�� ���v���� �����š�]�}�v�� �‰�o���v�•�X�� �d�Z���Œ���� �]�•�� �•�š�]�o�o�� �P�Œ�����š�� �•���}�‰����
for progress with respect to the challenging extent and 
variety of France Overseas Departments, Countries and 
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Territories, but different schemes are being deployed 
gradually outside Metropolitan France to safeguard their 
���]�}���]�À���Œ�•�]�š�Ç�X��
Progress is still slow but steady, from the launch of the 
French National Biodiversity Strategy in 2011 to the 
elaboration of Regional Biodiversity Strategies, as in 
Reunion and Mayotte, to the extension of the network 
of protected areas and to the inventory of species with 
�š�Z�Œ�����š���v�������•�š���š�µ�•�X��
With regard to the deployment of in situ and ex situ 
measures concerning overseas rare and threatened 
species, two new Conservatoires Botaniques Nationaux 
are in the pipeline in Guadeloupe and Martinique; they 
will join in the work with the first overseas Conservatoire 
Botanique National de Mascarin in Reunion Island, 
���Œ�����š�������]�v���í�õ�ô�ò�X���d�Z�����:���&���v���š�Á�}�Œ�l���]�•�����]�u�]�v�P�����š�������À���o�}�‰�]�v�P��
concerted actions for the ex situ conservation of species 
listed in the appendices to the international conventions 
and not yet or insufficiently represented in the ex situ 
���}�o�o�����š�]�}�v�•�����š�������P�o�}�����o���o���À���o�X���d�Á�]�v�v�]�v�P���‰�Œ�}�P�Œ���u�•�����Œ�������o�•�}��

being developed between Metropolitan and Overseas 
�&�Œ���v���Z�����}�š���v�]�����P���Œ�����v�•�X��
Lastly, with the launch of the French Agency for 
Biodiversity in 2017, which now groups four previous 
agencies, the Agency of marine protected areas, the 
Technical workshop of the natural spaces, the National 
office of water and aquatic environments and the French 
National parks, a new impetus has been given to allow 
the implementation of the different strategies and action 
�‰�o���v�•�X��
As for the ODCT, the French Agency for Biodiversity 
(AFB) is building partnerships with local authorities and 
�•�š���l���Z�}�o�����Œ�•���]�v���}�Œ�����Œ���š�}���]�u�‰�o���u���v�š���]�š�•���•�š�Œ���š���P�Ç�X���d�Z�µ�•�U���š�Z����
AFB wants to mobilize and federate all the stakeholders 
acting for the biodiversity in the French ODCT around 
a common project: reconciling preservation of these 
exceptional reservoirs of biodiversity and endogenous 
�����À���o�}�‰�u���v�š���}�(���š�Z�����Z�µ�u���v�������š�]�À�]�š�]���•���~���P���v�������&�Œ���v�����]�•����
�‰�}�µ�Œ���o�������]�}���]�À���Œ�•�]�š� �U���î�ì�í�ô�•�X��
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���µ�‰�}�µ���Ç���:�X�r�>�X�U�����������š���d�X���~�í�õ�ô�ò�•��‘Subdivisions de la forêt de 
bois de couleur à l’île de la Réunion’. Annales des sciences 
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�&�����µ�o�� �Z�X�� �~�î�ì�í�ì�•��‘Le Baobab Malgache – Adansonia 
madagascariensis Baillon – Plan Directeur de 
Conservation: outils d’aide à la conservation des espèces 
végétales menacées d’extinction’.�� �s���Œ�•�]�}�v�� ��� �����u���Œ����
�î�ì�í�ì�X�� ���}�v�•���Œ�À���š�}�]�Œ���� ���}�š���v�]�‹�µ���� �E���š�]�}�v���o�� ������ �D���•�����Œ�]�v�U��
�^���]�v�š�r�>���µ���~�Z� �µ�v�]�}�v�•�U���ò�õ���‰�X
�&�����µ�o�� �Z�X�� �~�î�ì�í�í�•��‘Typologie descriptive des habitats 
naturels de Mayotte – Outil de connaissance et de 
conservation du patrimoine naturel végétal’. Rapport 
final pour le compte de la DEAL de Mayotte, CBNM, 
��� �����u���Œ�����î�ì�í�í�U���ô�ó���‰�X
�&�}�v�š�Ç�����X�U���^���Œ�š�Z�}�µ�����X�U���>���Œ�‰�]�v�����X�U���W�}�v�P���� �:�X�r�&�X���~�î�ì�ì�õ�• ‘A 10-
year decrease in plant species richness on a neotropical 
inselberg: detrimental effects of global warming?’ Global 
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�&�Œ���v�}�š�� �z�X�U�� ���Z�}�Á�v�� �^�X�>�X�U�� �t�Z�]�v���u�� �:�X�U�� �^���o�l�]�Œ�l�� �W�X�U�� ���}�v�À���Ç�� �W�X�U��
�^�l�}�š�v�]���l�]���D�X�U�������Œ�P�•�š�Œ�}�u�����X���~�î�ì�ì�ñ�•��‘Biological invasions in 
the Antarctic: extent, impacts and implications’. Biological 
�Z���À�]���Á���ô�ì�W���ð�ñ�r�ó�î�X��
�'���Œ�P�}�u�]�v�Ç�� �K�X�� �~�����X�•�� �~�î�ì�ì�ï�•��‘Biodiversité et conservation 
dans les collectivités françaises d’outremer’.�� �y�� ���š���î�ð�ò���‰�X��
���}�o�o�����š�]�}�v�� �W�o���v���š���� �E���š�µ�Œ���X�����}�u�]�š� �� �(�Œ���v�����]�•�� �‰�}�µ�Œ���o�[�h�/���E�U��
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�'�]�P�}�Œ���� �o�X�U�� �,�]�À���Œ�š�� �:�X�U�� ���µ�]�����š�� �z�X�� �‰�Œ�]�v���]�‰���o�� ���µ�š�Z�}�Œ�•�� �~�î�ì�í�ï�•��
‘Conservatoire Botanique National de Mascarin. Flore et 
végétations des îles Éparses’.�� �K�v�o�]�v���W���Z�š�š�‰�W�l�l�]�o���•���‰���Œ�•���•�X
�����v�u�X�}�Œ�P�l��
�'�µ�]�}�š���s�X���~�î�ì�í�í�•��‘Les zones humides de Mayotte’�X���s�}�o�µ�u����
�í�W���Œ���‰�‰�}�Œ�š���˜�����v�v���Æ���•�U�������E�D�U���D�]�v�]�•�š���Œ�����������o�[�����}�o�}�P�]�������š��
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�(�]���Z���•�������•���Œ�]�‰�š�]�À���•�•�X
�<�]���Z�v�� �D�X�� �~�î�ì�í�í�•��‘Invasive alien species and islands’�X�� �W�‰��
�ï�ò�ñ�r�ï�ô�ð�� �/�v�� ���Œ���u�Á���o�o�� ���U�� �����µ�i���‰� �r�����•�š���o�o�•�� �:�� �~�����•�•�� �d�Z����
Biology of Island Floras, Cambridge University Press, 
�����u���Œ�]���P���X��
�<�µ���(�(���Œ�����X�U���>���À���Œ�P�v���U�����X���~�î�ì�ì�ð�•���ZCase studies on the status 

of invasive woody plant species in the Western Indian 
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of invasive plant species on oceanic islands’. Perspectives 
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�î�ñ�ó�r�î�ô�ì���/�v�W�����Œ���l�����:�X���X�U���D�}�}�v���Ç���,�X���X�U�����]�������•�š�Œ�]���&�X�U���'�Œ�}�À���•��
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Biological Invasions: a Global Perspective, John Wiley 
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�~�W���š�Œ�]�u�}�]�v���•���v���š�µ�Œ���o�•�V���ñ�ï�•�X
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�E�}�X�� �î�U�� �W�o���v�š�� �^�Ç�•�š���u���š�]���•�� ���v���� �W�Z�Ç�š�}�P���}�P�Œ���‰�Z�Ç�� �(�}�Œ�� �š�Z����
�h�v�����Œ�•�š���v���]�v�P���}�(�����(�Œ�]�����v�����]�}���]�À���Œ�•�]�š�Ç�U���D���]�•���X
�Z�]�À���o�•�� �W�X�� �~�í�õ�ñ�î�•��‘Études sur la végétation naturelle de 
l’île de la Réunion’.�� �î�í�ð�� �‰�X�� �>���•�� ���Œ�š�]�•���v�•�� ������ �o�[�/�u�‰�Œ�]�u���Œ�]���U��
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patrimoniale, contribution à l’inventaire ZNIEFF’. Rapport 
DAF de Mayotte (Service Environnement Forêt) et 
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LIVING COLLECTIONS OF TROPICAL PLANTS
AS NATIONAL HERITAGE COLLECTIONS OF UKRAINE 
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ABSTRACT
Ex situ conservation of tropical plants threatened with extinction within their native ranges is one of the highest 
�‰�Œ�]�}�Œ�]�š�]���•�� �}�v�� �š�Z���� �Œ���•�����Œ���Z�� ���P���v������ �(�}�Œ�� �š�Z���� ���}�š���v�]���� �P���Œ�����v�•�� �}�(�� �h�l�Œ���]�v���X�� �d�Z���� �u�}�•�š�� �v�µ�u���Œ�}�µ�•�� �o�]�À�]�v�P�� �‰�o���v�š�� ���}�o�o�����š�]�}�v�•��
�Z���À�����������v���������µ�u�µ�o���š���������š���š�Z�����K�X�s�X���&�}�u�]�v�����}�š���v�]�����'���Œ�����v�U���š�Z�������}�š���v�]�����'���Œ�����v���}�(���/�À���v���&�Œ���v�l�}���E���š�]�}�v���o���h�v�]�À���Œ�•�]�š�Ç���}�(��
�>�À�]�À�����v�����š�Z�����D�X�D�X���'�Œ�Ç�•�Z�l�}���E���š�]�}�v���o�����}�š���v�]�����'���Œ�����v���}�(���E���^���}�(���h�l�Œ���]�v�����~�E���'�•�X�����o�o���}�(���š�Z���u���Z���À�����š�Z�����•�š���š�µ�•���}�(���E���š�]�}�v���o��
�,���Œ�]�š���P�������}�o�o�����š�]�}�v�•���}�(���h�l�Œ���]�v���X��
Since the publication of the Global Strategy for Plant Conservation (GSPC) in 2002, this strategy has been implemented 
at the botanic gardens of Ukraine with a particular focus on Target 8 (ex situ conservation), which proposes that by 2020 
���š���o�����•�š���ó�ñ�9���}�(���š�Z�Œ�����š���v�������‰�o���v�š���•�‰�����]���•���Á�]�o�o���������‰�Œ���•���v�š���]�v��ex situ�����}�o�o�����š�]�}�v�•�U�����v�����š�Z���š�����š���o�����•�š���î�ì�9���Á�]�o�o�����������À���]�o�����o����
�(�}�Œ�� �Œ�����}�À���Œ�Ç�� ���v���� �Œ���•�š�}�Œ���š�]�}�v�� �‰�Œ�}�P�Œ���u�•�X�� �d�Z���Œ���(�}�Œ���U�� �]�š�� �Á���•�� �]�u�‰�}�Œ�š���v�š�� �š�}�� ���•�•���•�•�� �š�Z���� �š���Æ�}�v�}�u�]���� ���]�À���Œ�•�]�š�Ç�� �}�(�� �o�]�À�]�v�P�� �‰�o���v�š��
collections of tropical plants maintained at various botanic gardens focusing on the main plant groups that are of the 
highest priority for ex situ�����}�v�•���Œ�À���š�]�}�v�X���&�]���o�������Æ�‰�����]�š�]�}�v�•���]�v���š�Œ�}�‰�]�����o���Œ���P�]�}�v�•���}�(���š�Z�����Á�}�Œ�o�����~�s�]���š�v���u�U���D�������P���•�����Œ�U�����}�•�š���r
Rica, South Africa, Reunion) were undertaken to assess the main threats to tropical plants and to prioritize the plant 
�P�Œ�}�µ�‰�•���š�}���������š�Z�����u���]�v���(�}���µ�•���(�}�Œ���]�v�r�����‰�š�Z���]�v�À���•�š�]�P���š�]�}�v�•�����]�u���������š���o�}�v�P�r�š���Œ�u�����}�v�•���Œ�À���š�]�}�v���µ�v�����Œ��ex situ�����}�v���]�š�]�}�v�•�X
Current research activities at our botanic gardens are focused on the following issues: studies of developmental 
biology of plants under glasshouse conditions; investigation of structural adaptations and life histories of orchids, 
succulents, cycads to survival under a wide range of different habitats; development of in vivo and in vitro propagation 
�‰�Œ�}�������µ�Œ���•�X���d�}�������š���U���u���v�Ç���v���š�]�À�����}�Œ���Z�]�����•�‰�����]���•���(�Œ�}�u���^�}�µ�š�Z�r�����•�š�����•�]�������v�����^�}�µ�š�Z�����u���Œ�]�������Z���À�����������v���‰�Œ�}�‰���P���š���������š��
�š�Z�����E���'���š�Z�Œ�}�µ�P�Z�����•�Ç�u���]�}�š�]�����•���������P���Œ�u�]�v���š�]�}�v�����v�����š�]�•�•�µ�������µ�o�š�µ�Œ�����‰�Œ�}�������µ�Œ���•�X���Z�������v�š���Œ���•�����Œ���Z���}�v�����Œ�Ç�}�‰�Œ���•���Œ�À���š�]�}�v��
�Z���•���(�}���µ�•�������}�v���‰�Œ�����š�]�����o���‰�Œ�}�������µ�Œ���•���(�}�Œ���P���v�������v�l���•�š�}�Œ���P�����}�(���}�Œ���Z�]�����‰�}�o�o�]�v�]���X��
Plant exhibitions created at the botanic gardens of Ukraine highlight the diversity of tropical plants, their uniqueness, 
�š�Z���� �‰�o���v�š�� �������‰�š���š�]�}�v�•�� �š�}�� �š�Z���� �����}�o�}�P�]�����o�� ���}�v���]�š�]�}�v�•�� �}�(�� �š�Z���� �š�Œ�}�‰�]�����o�� �(�}�Œ���•�š�U�����v���� �‰�o���v�š�t���v�]�u���o���Œ���o���š�]�}�v�•�Z�]�‰�•�U���‰�Œ�}�À�]���]�v�P��
education in issues connected with global climate changes and the urgent necessity of conserving species that support 
�Z�µ�u���v���v�������•�����v�����Á���o�o�r�����]�v�P���Á�}�Œ�o���Á�]�����X���&�]�v���o�o�Ç�U���o�]�À�]�v�P���‰�o���v�š�����}�o�o�����š�]�}�v�•�����Œ�����µ�•���������•���À���o�µ�����o�����•�}�µ�Œ�����•���}�(���u���š���Œ�]���o���(�}�Œ��
���]�À���Œ�•�����•���]���v�š�]�(�]���U�����}�v�•���Œ�À���š�]�}�v�����v���������µ�����š�]�}�v���o���‰�Œ�}�i�����š�•�X����
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INTRODUCTION
The problem of biodiversity conservation of tropical floras 
with global ecological, economic and social importance, 
has already exceeded the boundaries of individual 
���}�µ�v�š�Œ�]���•�X���d�Œ�}�‰�]�����o�������}�•�Ç�•�š���u�•�����Œ�������Æ�����‰�š�]�}�v���o�o�Ç���Œ�]���Z�����v����
���v���}�u�‰���•�•���u�µ���Z���}�(���š�Z�������]�}���]�À���Œ�•�]�š�Ç���}�v�������Œ�š�Z���~�^�}���Z�]�����š�����o�X�U��
�î�ì�ì�ð�•�X���,�}�Á���À���Œ�U���Œ���‰�]�����o�}�•�•���•�����v�������o���Œ�u�]�v�P�������•�š�Œ�µ���š�]�}�v���}�(��
natural habitats in the tropics are causing drastic declines 
and extinctions of native biotas, including angiosperms 
�~�^�}���Z�]�U�� �î�ì�ì�ô�•�X�� �/�š�� �Z���•�� �������v�� ���•�•���•�•������ �š�Z���š�� �š�Z���� �u�}�•�š��

significant threat processes comprise land conversion 
to agriculture and aquaculture, biological invasions, 
the unsustainable collection of biological resources for 
horticultural trade and private ornamental collections 
�~�'�}���š�š�•���Z�����š�����o�X�U���î�ì�í�ñ�•�X���d�}�������š���U���•�‰�����]���•�����v�����‰�}�‰�µ�o���š�]�}�v�•��
are disappearing at a greatly accelerated rate as a result 
of habitat loss, fragmentation, and isolation of suitable 
habitat, as well as competition from invasive plant 
�•�‰�����]���•���~�'�µ���Œ�Œ���v�š�����š�����o�X�U���î�ì�í�ð�•�X
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Successful conservation actions require joint efforts 
of scientists at the local, national, regional, and 
�]�v�š���Œ�v���š�]�}�v���o���o���À���o�•���~�t�Ç�•�����:�����l�•�}�v���˜���^�µ�š�Z���Œ�o���v���U���î�ì�ì�ì�•�X��
The importance of ex situ plant conservation approach 
has long been recognized and widely discussed globally 
�~�D���µ�v�����Œ�� ���š�� ���o�X�U�� �î�ì�ì�í�V�� �'�µ���Œ�Œ���v�š�� ���š�� ���o�X�U�� �î�ì�ì�ð�V�� �����À���v�����Œ��
���š�����o�X�U���î�ì�í�ñ�•�X�����}�š���v�]�����P���Œ�����v�•���Z���À�����š�Œ�����]�š�]�}�v���o�o�Ç���������v���š�Z����
main places for tropical plants research, horticulture and 
�����µ�����š�]�}�v�X���K�Œ�]�P�]�v���o�o�Ç�U���•���]���v�š�]�(�]�����Œ���•�����Œ���Z�U�����}�o�o�����š�]�}�v�•�����v����
horticulture of many plant groups derived from tropical 
���]�}�u���•�•�� �Á���Œ���� �]�v�•�š�]�P���š������ ���Ç�����}�š���v�]���� �P���Œ�����v�•�� �~�D�}�v�š���]�Œ�}�r
�,���v�Œ�]�‹�µ���•�U�� ���•�‰�_�Œ�]�š�}�r�^���v�š�}�U�� �î�ì�í�í�V�� �����Á���Œ���•�� ���š�� ���o�X�U�� �î�ì�í�ñ�V��
�W�������Œ�•���v�� ���š�� ���o�X�U�� �î�ì�í�ô�•�X�� ���}�š���v�]���� �P���Œ�����v�•�� ���}�v�•���Œ�À���� �‰�o���v�š��
diversity ex situ and can prevent extinction through 
�]�v�š���P�Œ���š������ ���}�v�•���Œ�À���š�]�}�v�� �����š�]�}�v�X�� �/�v�� �������]�š�]�}�v�U�� ���}�š���v�]����
gardens are the best places to raise public awareness 
�����}�µ�š�� ���}�v�•���Œ�À���š�]�}�v�� ���v���� ���]�}���]�À���Œ�•�]�š�Ç�X�� �t�]�š�Z�� ���o�]�u���š����
change, ex situ conservation is becoming important 
�š�}�� �•�š�}�Œ���� �‰�o���v�š�� ���]�}���]�À���Œ�•�]�š�Ç�� �~���}�v���o���•�}�v�U�� �î�ì�ì�õ�•�X�� ���•�� �Á���•��
�‰�}�]�v�š�������}�µ�š�����Ç���u���v�Ç�����µ�š�Z�}�Œ�•���~�'�Œ�]�(�(�]�š�Z�����š�����o�X�U���î�ì�í�ñ�V���W���v�����U��
2013; Volis, 2017a, b), the fundamental contribution of 
botanic gardens in biodiversity conservation remains 
through the cultivation of living plant collections of 
critically endangered species or species extinct in wild 
�Á�Z�]���Z�� �����v�v�}�š�� ������ ���}�v�•���Œ�À������ �š�Z�Œ�}�µ�P�Z�� �•�������r�� �}�Œ�� �š�]�•�•�µ���r
�����v�l�]�v�P���‰�Œ�}�š�}���}�o�•�X���E���À���Œ�š�Z���o���•�•�U���o�]�À�]�v�P���‰�o���v�š�����}�o�o�����š�]�}�v�•��
in botanic gardens are underutilized worldwide resource 
�(�}�Œ���‰�o���v�š�����}�v�•���Œ�À���š�]�}�v���~���]���Œ�]���v�r�:���Œ���u�]�o�o�}�����š�����o�X���î�ì�í�ï�•�X
In general, it has been estimated that species from 
tropical regions are about twice as likely to be 
threatened, compared with species from temperate 
�Œ���P�]�}�v�•�� �~���Œ�µ�u�u�]�š�š�� ���š�� ���o�X�U�� �î�ì�í�ñ�•�X�� �d�Z�]�•�� ���]�•���Œ���‰���v���Ç�� �u���Ç��
be partly explained by the fact that many temperate 
�•�‰�����]���•�� �Z���À���� �v���š�µ�Œ���o�o�Ç�� �o���Œ�P���Œ�� �Œ���v�P���•�� �~�^�š���À���v�•�U�� �í�õ�ô�õ�•��

and, consequently, are less severely affected by localized 
�š�Z�Œ�����š�•�X���K�v���š�Z�����}�š�Z���Œ���Z���v���U�����Œ�µ�u�u�]�š�š�����š�����o�X���~�î�ì�í�ñ�•���Z���À����
suggested that other factors contributing to the marked 
contrast in proportions of threatened species between 
temperate and tropical regions may include the greater 
�Œ���š�����}�(���o���v�������}�v�À���Œ�•�]�}�v���}�����µ�Œ�Œ�]�v�P���]�v���š�Z�����š�Œ�}�‰�]���•�X
Interestingly, most of the ex situ protocols about 
sampling procedures, gene bank standards and storage 
techniques were prepared by the agricultural sector and 
then adapted by the wild plant sector, predominantly by 
���}�š���v�]�����P���Œ�����v�•���~�s�}�o�]�•�U���î�ì�í�ó���•�X
In Ukraine, the loss and erosion of biodiversity and urgent 
need to handle the problem of climate change has led 
to increased governmental interest in issues related to 
�‰�o���v�š�� ���]�}���]�À���Œ�•�]�š�Ç�� �Á�}�Œ�o���Á�]�����X�� ���]�À���Œ�•���� �•�š�µ���]���•�� ���]�u������ ���š��
protection of rare species are carried out at our Botanic 
�P���Œ�����v���Á�]�š�Z���(�}���µ�•���•���}�v���À���Œ�]�}�µ�•���‰�o���v�š���P�Œ�}�µ�‰�•�X��
At the present time, the most numerous living plant 
���}�o�o�����š�]�}�v�•���Z���À�����������v���������µ�u�µ�o���š���������š���K�X�s�X���&�}�u�]�v�����}�š���v�]����
Garden, Taras Shevchenko National University of Kyiv, 
Botanic Garden of Ivan Franko Lviv National University 
���v�����D�X�D�X���'�Œ�Ç�•�Z�l�}���E���š�]�}�v���o�����}�š���v�]�����'���Œ�����v���~�E���'�•�X�����o�o���}�(��
them have the status of National  Heritage Collections of 
�h�l�Œ���]�v���X���d�Z�����o�]�•�š���}�(���E���š�]�}�v���o���,���Œ�]�š���P�����µ�v�]�š�•�U���]�v���o�µ���]�v�P���š�Z����
most important science and arts collections, is designated 
by relevant ministries and agencies and approved by the 
�������]�v���š���}�(���D�]�v�]�•�š���Œ�•���}�(���h�l�Œ���]�v���X��
Our gardens belong to different agencies: Gardens of Lviv 
and Kyiv Universities belong to the Ministry of Education 
���v���� �^���]���v������ �}�(�� �h�l�Œ���]�v���U�� �Á�Z�]�o���� �D�X�D�X�� �'�Œ�Ç�•�Z�l�}�� �E���š�]�}�v���o��
Garden belongs to the National Academy of Sciences 
�}�(�� �h�l�Œ���]�v���X�� �E���À���Œ�š�Z���o���•�•�U�� �Á���� �Á�}�Œ�l�� �Á�]�š�Z�]�v�� �š�Z���� �•���u����
plant conservation network with specific conservation 
�‰�Œ�]�}�Œ�]�š�]���•�X����

MATERIAL AND METHODS
We focus our research on the three collections of 
tropical plants accumulated in three botanic gardens 
�}�(�� �h�l�Œ���]�v���U�� �š�Z���� �K�X�s�X�� �&�}�u�]�v�� ���}�š���v�]���� �'���Œ�����v�U�� �d���Œ���•��
Shevchenko National University, the Botanic Garden of 
�/�À���v�� �&�Œ���v�l�}�� �E���š�]�}�v���o�� �h�v�]�À���Œ�•�]�š�Ç�� �}�(�� �>�À�]�À�� ���v���� �š�Z���� �D�X�D�X��
Gryshko National Botanic Garden, National Academy 
of Science of Ukraine, in order to discuss how botanic 
gardens in Ukraine contribute to achieving target 8 of the 
�'�o�}�����o�� �^�š�Œ���š���P�Ç�� �(�}�Œ�� �W�o���v�š�� ���}�v�•���Œ�À���š�]�}�v�� �~�î�ì�í�ì�•�X�� �s���Œ�]�}�µ�•��
databases available for searching collections of living 
plants and confirming taxonomic identity have been 
�µ�•�����U�� ���X�P�X�� �t�}�Œ�o���� ���Z�����l�o�]�•�š�� �}�(�� �K�Œ���Z�]�������������� �~�'�}�À�����Œ�š�•�� ���š��
���o�X�U�� �î�ì�í�ô�•�U�� �/�v�š���Œ�v���š�]�}�v���o�� �W�o���v�š�� �E���u���•�� �/�v�����Æ�U�� �d�Z���� �W�o���v�š��
�>�]�•�š�U���š�Z�����/�h���E���Z�������>�]�•�š���~�/�h���E�U���î�ì�í�ï�•�X��

Living plant collections of tropical plants were 
replenished and managed taking into consideration the 
International priorities in the Garden’s policy of collection 
development as outlined in the International Agenda for 
Botanic Garden in Plant Conservation, Global Strategy for 
Plant Conservation (2010) and CITES Orchid Checklists 
�~�Z�}�����Œ�š�•�� ���š�� ���o�X�U�� �í�õ�õ�ñ�U�� �í�õ�õ�õ�U�� �î�ì�ì�í�V�� �^�u�]�š�Z�� ���š�� ���o�X�U�� �î�ì�ì�ò�V��
Oldfield, McGough, 2007); CITES Cactaceae Checklist 
�~�,�µ�v�š�U�� �î�ì�í�ò�•�X�� �d�Z���� �E���'�[�•�� ���}�o�o�����š�]�}�v�� �}�(�� �š�Œ�}�‰�]�����o�� �}�Œ���Z�]���•��
was registered at the Administrative Organ of CITES 
�]�v�� �h�l�Œ���]�v���� �~�D�]�v�]�•�š�Œ�Ç�� �}�(�� ���v�À�]�Œ�}�v�u���v�š�U�� �Œ���P�]�•�š�Œ���š�]�}�v�� �E�}�X��
�ò�õ�ï�õ�l�í�õ�l�í�r�í�ì�U���î�ï���:�µ�v���U���î�ì�ì�ð�•�X���d�Z���������•�]�������•�Ç�u���]�}�š�]�����•��������
germination techniques and tissue culture procedures 
(including cryopreservation of orchid pollinia and seeds) 
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�(�}�Œ���š�Z�����‰�Œ�}�‰���P���š�]�}�v�����v�����o�}�v�P�r�š���Œ�u�����}�v�•���Œ�À���š�]�}�v���}�(���‰�o���v�š�•��
from various angiosperm families both in in vitro culture 
���v���� �µ�v�����Œ�� �P�o���•�•�Z�}�µ�•���� ���}�v���]�š�]�}�v�•�� �Z���À���� �������v�� �µ�•�����X��
Development of propagation methods for numerous 
species of tropical orchids in the NBG was preceded by 
�o�}�v�P�r�š���Œ�u�� �}���•���Œ�À���š�]�}�v�•�� ���v���� �������]�����š������ �•�š�µ���]���•�� �]�v�� �š�Z���]�Œ��
reproductive biology (duration of anthesis, terms of 
�‰�}�o�o�]�v���š�]�}�v���}�(���(�o�}�Á���Œ�•�U�����v�������µ�Œ���š�]�}�v���}�(���(�Œ�µ�]�š���u���š�µ�Œ���š�]�}�v�•�X��
To assess the effect of breeding systems on fruit set 
and seeds viability, of orchids in particular, artificial 
�•���o�(�r�‰�}�o�o�]�v���š�]�}�v�� �~�]�v���µ�������� ���µ�š�}�P���u�Ç�•�� ���v���� ���Œ�š�]�(�]���]���o�� ���Œ�}�•�•�r
pollination (induced xenogamy) treatments were 
�‰���Œ�(�}�Œ�u�������~�����(�v�]�U���í�õ�õ�î�•�X��
To achieve successful acclimatization of orchid plants, we 
tried to meet ecological requirements of each species 
�µ�v�����Œ���P�o���•�•�Z�}�µ�•�������}�v���]�š�]�}�v�•�X���d�}���������}�u�u�}�����š�����•�µ�������•�•�(�µ�o�o�Ç��
studied plants to suitable glasshouse conditions, first of 

all we have used the data on ecological requirements of 
particular species known from literature sources, as well 
���•�� �š�Z���� �����š���� �(�Œ�}�u�� �}�µ�Œ�� �}�Á�v�� �(�]���o���� �}���•���Œ�À���š�]�}�v�•�X�� ���Æ�����o�o���v�š��
papers and comprehensive monographs, published 
�Œ�������v�š�o�Ç���~���Œ�]�����U���í�õ�õ�ô�U�����À���Œ�Ç���v�}�À�����š�����o�U���î�ì�ì�ï�•�U���Z�]�P�Z�o�]�P�Z�š������
the precise data on ecological requirements of many 
�}�Œ���Z�]�����•�‰�����]���•�U���‰���Œ�š�]���µ�o���Œ�o�Ç�U���•�o�]�‰�‰���Œ���}�Œ���Z�]���•�X��
The field expeditions in tropical regions of the world 
�~�s�]���š�v���u�U���D�������P���•�����Œ�U�����}�•�š���r�Z�]�����U���^�}�µ�š�Z�����(�Œ�]�����U���Z���µ�v�]�}�v�•��
were undertaken to study the ecological preferences of 
various plant species and to assess the main threats to 
tropical plants and to prioritize the plant groups to be the 
�u���]�v���(�}���µ�•���(�}�Œ�����v���]�v�r�����‰�š�Z���]�v�À���•�š�]�P���š�]�}�v�•�����]�u���������š���o�}�v�P�r
time conservation under ex situ�����}�v���]�š�]�}�v�•�X��
Various strategies for conservation of living plant collections 
have been employed at our botanic gardens, predominantly 
�o�]�À�]�v�P���‰�o���v�š�����}�o�o�����š�]�}�v�•���u���]�v�š���v���v���������v�����]�v���À�]�š�Œ�}���‰�Œ�}�‰���P���š�]�}�v�X��

RESULTS 
���š�� �‰�Œ���•���v�š�U�� �š�Z���Œ���� ���Œ���� �ï�ì�� ���}�š���v�]���� �P���Œ�����v�•�� ���v���� �í�õ��
���Œ���}�Œ���š���� �]�v�� �h�l�Œ���]�v���X�� ���š�� ���� �v���š�]�}�v���o�� �o���À���o�U�� �� ���Æ�]�•�š�]�v�P�� �‰�o���v�š��
conservation activities of botanic gardens and arboreta 
that contribute to the achievement of a Global Strategy 
for Plant Conservation are regulated by the Council of 
���}�š���v�]�����'���Œ�����v�•�����v�������Œ���}�Œ���š�����}�(���h�l�Œ���]�v���X��
The principal policy of the Botanic Gardens and Arboreta 
in Ukraine is the maintenance of living plant collections, 
study of indigenous plant species and those outside their 
natural habitats, assessment of their conservation status 
and potential economic use, as well as development of 
�Œ���•�����Œ���Z�U�����}�v�•���Œ�À���š�]�}�v���o�����v���������µ�����š�]�}�v���o���‰�Œ�}�P�Œ���u�•�X��
The Garden’s collections in Ukraine comprise about 
20,000 species and cultivars, including outstanding 
collections of woody and shrubby temperate plants, 
annual and perennial ornamentals, medicinal plants, as 
�Á���o�o�����•���š�Œ�}�‰�]�����o���‰�o���v�š�•�X��
In botanic gardens in Ukraine, large collections of rare 
and threatened plants derived from tropical biomass 
�Z���À�����������v�����•�š�����o�]�•�Z���������v�����u���]�v�š���]�v�����X���>�]�À�]�v�P�����}�o�o�����š�]�}�v�•��
of tropical plants in the botanic gardens of Ukraine vary 
in number from a few hundred to several thousand 
different species, depending on institutional affiliation 
and an institution’s objectives, as well as the available 
�(�]�v���v���]���o�� ���v���� �•���Z�}�o���Œ�o�Ç�� �Œ���•�}�µ�Œ�����•�X�� ���}�v�•���‹�µ���v�š�o�Ç�U��
considerable experience in the ex situ conservation of 
�š�Z�����š�Œ�}�‰�]�����o���(�o�}�Œ�����Z���•���������v���������µ�u�µ�o���š�����X
�d�Z�����(�]�Œ�•�š���P�o���•�•�Z�}�µ�•���•���]�v���š�Z�������}�š���v�]�����'���Œ�����v�����}�(���s�X���E�X���<���Œ���Ì�]�v��
�<�Z���Œ�l�}�À���h�v�]�À���Œ�•�]�š�Ç���Á���Œ�������µ�]�o�š���]�v���í�ô�ì�ô�X���h�v�(�}�Œ�š�µ�v���š���o�Ç�U�����š��
�š�Z�����š�]�u�����}�(���K���š�}�����Œ���Z���À�}�o�µ�š�]�}�v�U���]�v���í�õ�í�ó�U�����o�o���P�o���•�•�Z�}�µ�•���•��
���µ�]�o���]�v�P�•���Á���Œ���������•�š�Œ�}�Ç�����X����

�K�X�s�X�� �&�}�u�]�v�� ���}�š���v�]���� �'���Œ�����v�U�� �(�}�µ�v�������� �]�v�� �í�ô�ï�õ�U�� �]�•�� �l�v�}�Á�v��
�š�}�� ������ �}�v���� �}�(�� �š�Z���� �}�o�����•�š�� �]�v�� �h�l�Œ���]�v���X�� �/�š�•�� �o�]�À�]�v�P�� ���}�o�o�����š�]�}�v��
of tropical plants comprises more than 4,200 taxa, 
�Œ���‰�Œ���•���v�š�]�v�P�� �ô�ï�ì�� �P���v���Œ���� ���v���� �í�ô�ì�� �(���u�]�o�]���•�X�� �d�Z����
greenhouse, which was built for the largest and the 
oldest palm trees in Northern Eurasia, is among the 
�Z�]�P�Z���•�š���]�v���š�Z�����Á�}�Œ�o���X���/�š���]�•���v�}�š���Á�}�Œ�š�Z�Ç���š�Z���š���u�}�Œ�����š�Z���v���ò�ì��
�9���}�(�����}�o�o�����š�������•���u�‰�o���•���Œ���‰�Œ���•���v�š���‰�o���v�š�•���Á�]�š�Z���h�•�µ�����µ�o���v�š��
syndrome» which is considered to be one of the most 
remarkable examples of convergent evolution within the 
�‰�o���v�š���l�]�v�P���}�u���~�K�P���µ�Œ�v�U�������Á���Œ���•�U���î�ì�í�ì�•�X��
Additionally, collections include the representatives of 
other tropical plants representing various ecological and 
�š���Æ�}�v�}�u�]���� �P�Œ�}�µ�‰�•�U�� ���X�P�X�� �u�}�v�}���}�š�•�� �~�í�ï�9�•�V�� �Z�Ç���Œ�}�‰�Z�Ç�š���•��
���v���� �����Œ�v�]�À�}�Œ�}�µ�•�� �‰�o���v�š�•�� �~�í�î�9�•�V�� �(���Œ�v�•�� ���v���� �P�Ç�u�v�}�•�‰���Œ�u�•�U��
�]�v���o�µ���]�v�P�����Ç�������•���~�ó�9�•�����v�����}�š�Z���Œ�•���~�ô�9�•�X
An overview of species richness of tropical plant 
���}�o�o�����š�]�}�v�•�� �]�v�� �š�Z���� �K�X�s�X�� �&�}�u�]�v�� ���}�š���v�]���� �'���Œ�����v�� ���Ç�� �š�Z����
���v���� �}�(�� �y�/�y�� �����v�š�µ�Œ�Ç�������v�� ������ �}���š���]�v������ �(�Œ�}�u�� �š�Z���� �]�v�À���v�š�}�Œ�Ç��
manuscript of the Taras Shevchenko National University 
�}�(�� �<�Ç�]�À�� �~�(�}�Œ�u���Œ�� �^���]�v�š�� �s�o�����]�u�]�Œ�� �Z�}�Ç���o�� �h�v�]�À���Œ�•�]�š�Ç�� �}�(�� �<�]���À�•�X��
Archival papers indicate that the succulent collections 
���Œ�����u�}�Œ�����š�Z���v���í�ì�ì���Ç�����Œ�•���}�o���X���d�Z�����}�µ�š�•�š���v���]�v�P�����Æ���u�‰�o���•��
of �¤�P���À���� ���u���Œ�]�����v���� �À���Œ�X��marginata�� �~�í�õ�î�ï�•�U��Dasylirion 
glaucophyllum���,�}�}�l�X���~�í�õ�î�ô�•�U��Euphorbia alcicornis Baker 
�~�í�õ�ï�î�•�U��Aloe camperi���^���Z�Á���]�v�(�X���~�í�õ�ï�ï�•�U��Cereus repandus 
�~�>�X�•�� �D�]�o�o�X�� �~�í�õ�ï�ô�•�U��Aloe arborescens�� �D�]�o�o�X�� �~�í�õ�ð�î�•�� �Á���Œ����
�u���]�v�š���]�v������ �µ�v�š�]�o�� �v�}�Á�X�� �E���À���Œ�š�Z���o���•�•�U�� �š�Z�]�•�� ���}�o�o�����š�]�}�v�� �Á���•��
���Œ���•�š�]�����o�o�Ç���]�v���Œ�����•�������]�v���v�µ�u�����Œ�������}�µ�š���ò�ì���Ç�����Œ�•�����P�}�X��
The Cactaceae family is the largest plant taxon evaluated 
to date under the International Union for Conservation of 
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Nature (IUCN) Red List Categories and Criteria (Goettsch 
���š�����o�X�U���î�ì�í�ñ�•�X���/�š���Œ���À�����o������ �š�Z���š���������š�]�� ���Œ�������u�}�v�P���š�Z�����u�}�•�š��
�š�Z�Œ�����š���v�������š���Æ�}�v�}�u�]�����P�Œ�}�µ�‰�•�����•�•���•�•�������š�}�������š���U���Á�]�š�Z���ï�í�9��
of the 1,478 evaluated species threatened, demonstrating 
the high anthropogenic pressures on biodiversity in arid 
�o���v���•���~�'�}���š�š�•���Z�����š�����o�X�U���î�ì�í�ñ�•�X���d�Z�����(���u�]�o�Ç���������š�����������U�������]�v�P��
one of the most popular horticultural plant groups, is 
considered the fifth most threatened large taxonomic 
�P�Œ�}�µ�‰���]�v���š�Z�����Á�}�Œ�o�����~�E�}�À�}�������š�����o�X�U���î�ì�í�ó�•�X��
The assessment of succulent collections with IUCN 
Categories and Criteria revealed that representatives of 
�í�õ���(���u�]�o�]���•�����v�����u�}�Œ�����š�Z���v���í�U�î�ì�ì���•�‰�����]���•�����Œ�����]�v���o�µ���������]�v��
the IUCN Red List and are regulated by CITES:
Cactaceae �t�� �E�í�ì�ì�ì�� �•�‰�����]���•�U�� ��Aizoaceae�� �t�� �ô�ó�� �•�‰�����]���•�U��
Asphodelaceae �t���ò�î���•�‰�����]���•�U��Crassulaceae���t���ï�ô���•�‰�����]���•�U��
Apocynaceae���t���í�õ���•�‰�����]���•�X
Research on succulent species is one of the most 
�]�u�‰�}�Œ�š���v�š�� �����š�]�À�]�š�]���•�� ���š�� �š�Z���� �K�X�s�X�� �&�}�u�]�v�� ���}�š���v�]���� �'���Œ�����v�X��
Research on these plants is conducted on phenological 
observations, studying the reproductive biology and 
vegetative architecture, seed germination and viability 
testing, assessment of various plant adaptations to arid 
���o�]�u���š���U���‰�Œ�}�‰���P���š�]�}�v���u���š�Z�}���•�������À���o�}�‰�u���v�š�X��
Our own field observations conducted in the natural 
�Z�����]�š���š�•���}�(���Œ���Œ�����•�µ�����µ�o���v�š���•�‰�����]���•�U�����X�P�X���]�v���/���]�š�Ç���D���•�•�]�(�U������
quartzitic massif located 25km southwest of Antsirabe, 
in 2013, have shown that many species of succulent 
plants such as Aloe���•�‰�‰�X�����v����Pachypodium���•�‰�‰�X�U�����•���Á���o�o��
as Orchidaceae species (Angraecum���•�‰�‰�X�•�U�����Œ�����Z���Œ�À���•�š������
by local people and this kind of activity is considered as a 
���]�Œ�����š���š�Z�Œ�����š���(�}�Œ���š�Z���•�����•�‰�����]���•�X��
Succulent plants are grown in 6 glasshouses, occupying 
�ó�ñ�ì�u�ø�X�� �E���À���Œ�š�Z���o���•�•�U�� �š�Z���� �u���i�}�Œ�]�š�Ç�� �}�(�� �‰�o���v�š�� �•�‰�����]�u���v�•��
���Œ�����l���‰�š���]�v���‰�}�š�•�X���d�Á�}�����Æ�Z�]���]�š�]�}�v�•���Œ���‰�Œ���•���v�š���š�Z�������]�À���Œ�•�]�š�Ç��
of unusual succulent plants derived from both America 
���v�������(�Œ�]�����X��
Collections of tropical and subtropical plants, 
accumulated at the Botanic Garden of Ivan Franko Lviv 
�E���š�]�}�v���o�� �h�v�]�À���Œ�•�]�š�Ç�� ���Œ���� �}�v���� �}�(�� �š�Z���� �}�o�����•�š�� �]�v�� �h�l�Œ���]�v���X��
Founded in 1852, it is home to 1,700 taxa of tropical 
plants belonging to 475 genera and representing 136 
�(���u�]�o�]���•���(�Œ�}�u���À���Œ�]�}�µ�•���š�Œ�}�‰�]�����o�����]�}�u���•���}�(���š�Z�����Á�}�Œ�o���X��
In 2002 the collection was designated as the National 
�,���Œ�]�š���P�������}�o�o�����š�]�}�v���}�(���h�l�Œ���]�v���X
The most valuable part of this collection is comprised 
�}�(�� �^�o�]�À�]�v�P�� �(�}�•�•�]�o�•�_�� ���Ç�������•�� �~Dioon edule�� �>�]�v���o�X�U��Cycas�� �>�X��
and Ceratozamia�� �•�‰�‰�X�•�X�� ���Ç�������•�� ���Œ���� �o�}�v�P�r�o�]�À������ �‰���Œ���v�v�]���o��
plants, most of which are considered as threatened, rare 
or endangered and are listed in the IUCN (2004) Red List 
�~�K���š���À�]�}�r���P�µ�]�o���Œ�����š�����o�X�U���î�ì�ì�ô�•�X���d�Z�������}�š���v�]�����'���Œ�����v���}�(���/�À���v��

Franko Lviv National University is an example of a botanic 
garden that uses cycads as a major research and display 
�Œ���•�}�µ�Œ�������~�W�Œ�}�l�}�‰�]�À�U���î�ì�ì�õ�•�X
Previously, it was shown that ex situ collections are 
especially important to the survival of Cycadaceae, 
because low germination rates, low seedling survival 
rates, and long generation times can make recovery of a 
cycad population in situ���•�o�}�Á���~�'�Œ�]�(�(�]�š�Z�����š�����o�X�U���î�ì�í�ñ�•�X
Palms also comprise a valuable part of the collection 
established at the Botanic Garden of Ivan Franko Lviv 
�E���š�]�}�v���o�� �h�v�]�À���Œ�•�]�š�Ç�X�� �d�Z���� ���P���•�� �}�(�� �š�Z���•���� �‰�o���v�š�•�� �À���Œ�Ç��
�Á�]�š�Z�]�v�� �š�Z���� �Œ���v�P���� �}�(�� �ô�ì�t�í�î�ñ�� �Ç�����Œ�•�U�� �]�v���o�µ���]�v�P��Syagrus 
romanzoffiana�� �~���Z���u�X�•�� �'�o���•�•�u���v�� �~�•�Ç�v�X��Arecastrum 
romanzoffianum�� �~���Z���u�X�•�� ���������X�•�U��Phoenix canariensis 
�»�}�Œ�š�X�����Æ�����Z�������µ���U��Ph. reclinata���:�����‹�X�U��Livistona australis 
�~�Z�X�� ���Œ�X�•�� �D���Œ�š�X�U��Sabal minor�� �~�:�����‹�X�•�� �W���Œ�•�X�U��S. mexicana 
�D���Œ�š�X�� ���v����S. palmetto�� �~�t���o�š���Œ�•�� �>�}�����X�� ���Æ�� �^���Z�µ�o�š�X�� �˜��
�^���Z�µ�o�š�X�(�X�U��Howea belmoreana�� �~���X�� �D�}�}�Œ���� ���š�� �&�X�� �À�X�� �D�µ���o�o�X�•��
���������X�U��H. forsteriana���~���X���D�µ���o�o�X�•�����������X�U��Phoenix rupicola���d�X��
Anderson, Ph. theophrasti Greuter, Washingtonia filifera 
�~�Z���(���Œ�]�v�•���,�X�t���v���o�X�����Æ�������������Œ�Ç�X��
Beside, the unique relict plants of Araucariaceae family, 
Agathis macrophylla�� �~�>�]�v���o�X�•�� �D���•�š�X�� �~�í�ò�ì�� �Ç�����Œ�•�� �}�o���•��
(categorized in the IUCN Red List as an endangered 
species) and Araucaria bidwillii �,�}�}�l�X�U�����Œ�����u���]�v�š���]�v���������š��
�š�Z�������}�o�o�����š�]�}�v�X
Living collections in botanic gardens and arboreta 
are particularly important for preserving critically 
���v�����v�P���Œ������ �•�‰�����]���•�� �}�Œ�� �•�‰�����]���•�� ���Æ�š�]�v���š�� �]�v�� �Á�]�o���X��
The assessment of conservation status of species 
accumulated in the collections of the Botanic Garden of 
Lviv National University has revealed that it includes 85 
species in 60 genera from 38 families that are conserved 
���š���]�v�š���Œ�v���š�]�}�v���o���o���À���o�X
Besides, many tree species, such as Quercus ilex�� �>�X��
(Fagaceae), Magnolia grandiflora�� �>�X�� �~�D���P�v�}�o�]�����������•�U��
Pimenta dioica�� �~�>�X�•�� �D���Œ�Œ�X�U��Eucalyptus pulverulenta Sims 
(Myrtaceae), Swietenia mahogani���~�>�X�•���:�����‹�X���~�D���o�]�����������•�U��
Pinus roxburghii�� �^���Œ�P�X�� �~�W�]�v�����������•�U��Chrysophyllum 
imperiale���~�>�]�v�����v�����Æ���<�X�<�}���Z���˜���&�]�v�š���o�u�X�•�������v�š�Z�X���˜���,�}�}�l�X�(�X��
�~�^���‰�}�š�����������•�� �Á���Œ���� �•���À������ �(�Œ�}�u�� �š�Z���� �‰�Œ���r�Á���Œ�� ���}�o�o�����š�]�}�v�•�U��
�]�X���X���•�]�v�������š�Z�����š�]�u�����š�Z�����^�����}�v�����t�}�Œ�o�����t���Œ���Z�����������P�µ�v�X����
	 �&�}�µ�v���������]�v���í�õ�ï�ñ�U���š�Z�����D�X�D�X���'�Œ�Ç�•�Z�l�}�����}�š���v�]�����'���Œ�����v��
(NBG), National Academy of Sciences of Ukraine, is one 
of the top botanic research institutions and botanic 
�P���Œ�����v���]�v���h�l�Œ���]�v���X��
At present the NBG living collection of tropical plants 
contains about 4,200 taxa representing approximately 
�õ�ì�ì���P���v���Œ�������v�����í�ò�ð���(���u�]�o�]���•�X���d�Z�����}�Œ���Z�]�����‰�o���v�š�•���Z���À�����������v��
�����u���]�v���(�}���µ�•���}�(���š�Z�����'���Œ�����v�[�•���>�]�À�]�v�P�����}�o�o�����š�]�}�v�•���~�d�����o�����í�•�X
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Ex situ conservation of tropical orchids threatened 
with extinction within their native ranges, assessment 
of unexploited properties of various orchid species 
are among the highest research priorities at NBG 
�~���Z���Œ���À���Z���v�l�}�����š�����o�X�U���î�ì�ì�ó�•�X��
Because of biological peculiarities of orchids (obligate/
facultative dependency from mycorrhizal fungi, 
complicated life cycles and highly specialized pollination 
syndromes, habitat specificity, and limited ranges), 
representatives of Orchidaceae family often belong to 
the most vulnerable species, that are extremely sensitive 
�š�}�� ���v�À�]�Œ�}�v�u���v�š���o�� ���Z���v�P���•�� �~�^�Á���Œ�š�Ì�U�� ���]�Æ�}�v�U�� �î�ì�ì�õ�•�X�� �d�Z����
main factors, resulting in drastic decline in natural 
orchid populations ranges, are the global changes of 
���o�]�u���š���� �~�^�����š�}�v�� ���š�� ���o�X�U�� �î�ì�í�ì�•�U�� �v���š�µ�Œ���o�� �Z�����]�š���š�•�� �o�}�•�•�� ���µ����
�š�}�����v�š�Z�Œ�}�‰�}�P���v�]�����‰�Œ���•�•�µ�Œ���U�����•���Á���o�o�����•���µ�v�Œ���P�µ�o���š�������o���Œ�P���r
scale collections of orchids as ornamental and medicinal 
�‰�o���v�š�•�X��

NN Family
Genera 
number

Species 
number

�í�X Orchidaceae 146 450

�î�X Cactaceae 80 400

�ï�X
Apocynaceae (inc. 
Asclepiadaceae)

47 333

�ð�X Araceae 38 �ï�ì�õ

�ñ�X Crassulaceae 22 243

�ò�X
Asphodelaceae (inc. 
Aloaceae)

7 156

�ó�X Amaryllidaceae 23 150

�ô�X Euphorbiaceae �õ 150

�õ�X Bromeliaceae 21 134

�í�ì�X Moraceae 4 �õ�ì

Total �ï�õ�ó 2415

Table 1: The most representative families in the NBG’s 
living tropical plant collections  

Orchids are also widely and illegally harvested from the 
wild for local, regional and international trade (Hinsley 
���š�����o�X�U���î�ì�í�ó�•�X���D�}�Œ���}�À���Œ�U���•�����Œ�����������}�o�}�P�]�����o���•�š�µ���]���•���•�µ�P�P���•�š��
that epiphytic orchids exhibit a low tolerance to harvesting 
�~�D�}�v���Œ���P�1�v�U���î�ì�ì�õ�•�X���E�}�š���Á�}�Œ�š�Z�Ç�U���}�Œ���Z�]���•�����}�v�•�š�]�š�µ�š�����E���ó�ì�9��
�}�(�����/�d���^�r�o�]�•�š�������•�‰�����]���•���~�,�]�v�•�o���Ç�����š�����o�X�U���î�ì�í�ó�•�X
At present, the NBG’s living collection of tropical orchids 
contains about 4,500 plants representing approximately 
�í�ó�ì���P���v���Œ�������v�����ð�ñ�ì���•�‰�����]���•�U���Á�Z�]���Z�����Œ�����v���š�]�À�����š�}���^�}�µ�š�Z�r�����•�š��

Asia, South and Central America, with a few genera 
�}�Œ�]�P�]�v���š�]�v�P���]�v���(�Œ�]�����X���d�Z�����E���'�[�•�����}�o�o�����š�]�}�v���]�•���š���Æ�}�v�}�u�]�����o�o�Ç��
representative; it includes the taxa belonging to four out 
of five currently recognized subfamilies of Orchidaceae 
family (Cypripedioideae, Vanilloideae, Orchidoideae, 
and Epidendroideae�•�X�� �t�Z�]�o���� ���Œ�����š�]�v�P�� �š�Z���� ���}�o�o�����š�]�}�v�U�� �š�Z����
strategic goal was to represent most widely the floristic, 
ecological and morphological diversity of Orchidaceae, 
�Á�]�š�Z�����v�����u�‰�Z���•�]�•���}�v���Œ���Œ�������v�����À�µ�o�v���Œ�����o�����}�Œ���Z�]�����•�‰�����]���•�X
The oldest samples are cultivated at NBG’s orchid unit 
�P�o���•�•�Z�}�µ�•���•�� �•�]�v������ �š�Z���� �ó�ì�æ�Ú�� �Ç�����Œ�•�� �}�(�� �š�Z���� �î�ì�æ�Ú�� �����v�š�µ�Œ�Ç��
(Coelogyne cristata�� �>�]�v���X�U��C. tomentosa�� �>�]�v���o�X�U��Anguloa 
clowesii�� �>�]�v���o�X�U��Ansellia africana�� �>�]�v���o�X��Calanthe vestita 
�>�]�v���o�X�U��Guarianthe bowringiana�� �~�:�X�,�X�� �s���]�š���Z�� ���Æ�� �K�[���Œ�]���v�•��
���Œ���•�•�o���Œ���˜���t�X���X���,�]�P�P�]�v�•�X�����Œ�š�]�(�]���]���o���‰�}�o�o�]�v���š�]�}�v���š�Œ�����š�u���v�š�•��
have shown that majority of these plants after more than 
40 years of cultivation under glasshouse conditions were 
�����o�����š�}���‰�Œ�}���µ�������(�Œ�µ�]�š�•���Á�]�š�Z���À�]�����o�����•�������•�X
The most valuable part of the orchid collection is 
�Œ���‰�Œ���•���v�š������ ���Ç�� �}�Œ���Z�]���� �•�‰�����]���•�� �}�(�� �š�Z���� �(�o�}�Œ���� �}�(�� �s�]���š�v���u�X��
This collection was developed due to scientific 
collaboration between NBG and the Center for 
Biodiversity Conservation and Development of the 
�/�v�•�š�]�š�µ�š���� �}�(�� �d�Œ�}�‰�]�����o�� ���]�}�o�}�P�Ç�� �}�(�� �s�]���š�v���u�X�� �^�]�v������ �í�õ�ô�õ��
within the framework of partnership between NBG 
and ITB five expeditions have been carried out, which 
resulted in new accessions to the living orchid collection 
�~���Z���Œ���À���Z���v�l�}�� ���š�� ���o�X�U�� �î�ì�ì�ó�•�X�� �/�v�� �î�ì�í�ï�U�� �š�Z���� �•���u�‰�o���•�� �}�(��
45 orchid species of Vietnamese flora, maintained and 
propagated at NBG, were translocated to the Institute 
of Tropical Biology for Biodiversity Conservation Center 
�Á�]�š�Z���‰�}�š���v�š�]���o���}�(�� �Œ���r�]�v�š�Œ�}���µ���š�]�}�v�� ���v���� �•�š�Œ���v�P�š�Z���v�]�v�P���š�Z����
�Á�]�o�����}�Œ���Z�]�����‰�}�‰�µ�o���š�]�}�v�•�X
Therefore, it would be reasonable to suggest, that many 
restrictions considered as those limiting the importance 
of living collections ex situ can be applied to the orchids 
�š�}�������o���•�•���Œ�����Æ�š���v�š�X�����v�����À���]�o�����]�o�]�š�Ç���}�(���š�Z�������P�P�Œ���P���š�������‰�}�o�o���v��
�~�•�}�� �����o�o������ �^�‰�}�o�o���v�� ���]�•�‰���Œ�•���o�� �µ�v�]�š�_�� �~�W�����]�v�]�U�� �,���•�•���U�� �î�ì�ì�î�•�U��
or pollinia/pollinaria) diminishes or makes impossible 
spontaneous hybridization which threatens the loss 
�}�(�� �•�‰�����]���•�� �P���v���š�]���� �]�����v�š�]�š�Ç�� �� ���µ�Œ�]�v�P�� �o�}�v�P�r�š�]�u����ex situ 
���µ�o�š�]�À���š�]�}�v�X���D�}�Œ���}�À���Œ�U���š�Z�����‰�}�•�•�]���]�o�]�š�Ç���}�(�������µ�o�š���]�v���]�À�]���µ���o�•��
of epiphytic orchids with sympodial shoot branching 
�‰���š�š���Œ�v���š�}���•�µ�Œ�À�]�À�����]�v�����µ�o�š�]�À���š�]�}�v���]�•�����‰�‰���Œ���v�š�o�Ç���µ�v�o�]�u�]�š�����X��
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DISCUSSION
The Global Strategy for Plant Conservation highlights that 
���� �u�]�v�]�u�µ�u�� �}�(�� �ó�ñ�9�� �}�(�� �š�Z�Œ�����š���v������ �‰�o���v�š�� �•�‰�����]���•�� �•�Z�}�µ�o����
be conserved within ex situ�����}�o�o�����š�]�}�v�•�U���Á�]�š�Z�����š���o�����•�š���î�ì�9��
���À���]�o�����o���� �(�}�Œ�� �Œ�����}�À���Œ�Ç�� ���v���� �Œ���•�š�}�Œ���š�]�}�v�� �~�t�Ç�•���� �:�����l�•�}�v�� �˜��
�<���v�v�����Ç�U���î�ì�ì�õ�•�X
The results of current study allow us to suggest 
that botanic gardens in Ukraine, in particular, those 
maintaining the National Heritage Collections of tropical 
plants have long been involved in ex situ conservation, 
maintaining living plant collections, in vitro germplasm 
collection and actively participating in the conservation 
�}�(�� �š�Z�Œ�����š���v������ �•�‰�����]���•�� �~���Z���Œ���À���Z���v�l�}�� ���š�� ���o�X�U�� �î�ì�ì�ó�•�X��
Usually, it is emphasized that the establishment and 
maintenance of living plant collections deriving from 
the same region where the garden is located (regional 
living plant collections) is of crucial importance, because 
it would be reasonably to expect the greater success in 
�š�Z�����•�‰�����]���•���u���]�v�š���v���v�����X���d�Z�]�•���‰�Œ�����š�]�������]�•�����v���}�µ�Œ���P���������Ç��
�š�Z���� �'�o�}�����o�� �^�š�Œ���š���P�Ç�� �(�}�Œ�� �W�o���v�š�� ���}�v�•���Œ�À���š�]�}�v�� �~�D�}�v�š���]�Œ�}�r
�,���v�Œ�]�‹�µ���•�U�����•�‰�_�Œ�]�š�}�r�^���v�š�}�U���î�ì�í�í�•�X
However, today it is widely discussed that ex situ 
collections have numerous limitations that restrict 
�š�Z���]�Œ�� �µ�š�]�o�]�š�Ç�� �(�}�Œ�� ���}�v�•���Œ�À���š�]�}�v�X�� �h�•�µ���o�o�Ç�U�� ���u�}�v�P�� �š�Z���� �u���]�v��
limitations the small sample sizes of ex situ collections, 
the loss of genetic variation, a rapid increase in the level 
�}�(���]�v���Œ�������]�v�P�������‰�Œ���•�•�]�}�v�����Œ�����•�‰�����]�(�]�������~�s�}�o�]�•�����š�����o�X�U���î�ì�ì�õ�U��
�î�ì�í�ó�����U�����V���z�}�µ�v�P�r���]���&�µ�U���î�ì�í�ó�•�X��
Undoubtedly, sustainable conservation measures require 
���v�� � �̂����}�•�Ç�•�š���u�� ���‰�‰�Œ�}�����Z�_�� �š�}�� ���v�•�µ�Œ���� �š�Z���� �‰�Œ���•���Œ�À���š�]�}�v��
of various natural habitats of orchids along with other 
organisms associated with orchids during their life 
cycles (mycorrrhizal fungi, pollinators) enabling the 
orchids survival under natural habitats (Seaton, 2007; 
�W���u�����Œ�š�}�v�U�� �î�ì�í�ì�•�X�� �E���À���Œ�š�Z���o���•�•�U�� �����À���o�}�‰�]�v�P�� ���v����
managing an ex situ collection in botanic gardens can 
be viewed as an essential additional component of an 
integrated approach to orchids conservation (Swarts, 
���]�Æ�}�v�U���î�ì�ì�õ�•�X���/�š���]�•�����•�•�µ�u�������š�Z���š�����v�v�µ���o�•�����v�����•�Z�}�Œ�š�r�o�]�À������
plants are more subjected to the loss of genetic variability 
�š�Z���v���o�}�v�P�r�o�]�À�������‰�o���v�š�•�X��
In this regard, orchids with inherited long life spans are 
well adapted for long time cultivation under glasshouse 
���}�v���]�š�]�}�v�X�� �K�µ�Œ�� �(�]�v���]�v�P�•�� �•�µ�P�P���•�š�� �š�Z���š�U�� �}�Œ���Z�]���•�� ���•�� �o�}�v�P�r
�o�]�À�������‰�o���v�š�•�����Œ�����u�}�Œ�����•�µ�]�š�����o�����(�}�Œ���o�}�v�P�r�š���Œ�u�����}�v�•���Œ�À���š�]�}�v��
�š�Z���v���š�Z�����‰�o���v�š�•���(�Œ�}�u�����v�Ç���}�š�Z���Œ���P�Œ�}�µ�‰�X���D���v�Ç���o�]�u�]�š���š�]�}�v�•��
which are considered to restrict applicability of an ex 
situ approach to conservation, such as loss of species 
integrity through spontaneous hybridization, are not 
�•�}�� ���Œ�µ���]���o�� �]�v�� �š�Z�]�•�� �����•���X�� �d�Z���� �š�]�v�Ç�� �•�������•�� ���Œ���� �Á���o�o�� �•�µ�]�š�����o����

�š�}�� ������ �•�������r�����v�l������ �~�^�����š�}�v�U�� �î�ì�ì�ó�V�� �^�����š�}�v�� ���š�� ���o�X�U�� �î�ì�í�ì�•�U��
the sympodial pattern of regeneration makes orchids 
suitable for endless vegetative regeneration under 
�P�o���•�•�Z�}�µ�•�������µ�o�š�]�À���š�]�}�v�X��
Botanic gardens maintaining collections of tropical 
�‰�o���v�š�•�� ���Œ���� �Œ���•�‰�}�v�•�]���o���� �(�}�Œ�� �š�Z���]�Œ�� �o�}�v�P�r�š���Œ�u�� �‰���Œ�•�]�•�š���v������
and sustainability, which is extremely topical at present, 
when there are strict legal limitations as a result of CITES 
regulations concerning sampling plants from natural 
habitats (CITES Orchid Checklists) and their transfer 
�����Œ�}�•�•���v���š�]�}�v���o�����}�µ�v�����Œ�]���•�X
The transferring of orchids of the flora of Vietnam, 
propagated at NBG, to the Institute of Tropical Biology we 
consider as integration of ex situ and in situ approaches, 
the usefulness of which was recognized more than four 
�������������•�����P�}���~�D���µ�v�����Œ�����š�����o�X�U���î�ì�ì�í�V���s�}�o�]�•�U���î�ì�í�ó�����U�����•�X
At present, the protection of biodiversity of rare 
tropical orchid species ex situ should not be limited by 
listing the specimens of rare and vulnerable species 
maintained in greenhouses of botanic gardens of the 
�š���u�‰���Œ���š���� �Ì�}�v���� ���o�]�u���š���X�� �/�š�� �Œ���‹�µ�]�Œ���•�� ���� �(�µ�v�����u���v�š���o��
understanding of factors controlling plant development 
and acclimatization/adaptation in artificially created 
���}�v���]�š�]�}�v�•���µ�•�]�v�P�����]�(�(���Œ���v�š�����Æ�‰���Œ�]�u���v�š���o���u���š�Z�}���•�X��
From our standpoint, in order to be successful the 
protection of rare tropical orchid species ex situ requires 
a fundamental understanding of factors and mechanisms 
underlaying orchid reproduction systems in situ and ex 
situ, seedlings development and adaptation both under 
�P�o���•�•�Z�}�µ�•���� ���}�v���]�š�]�}�v�•�� ���v���� �]�v�� �]�v�� �À�]�š�Œ�}�� ���µ�o�š�µ�Œ���X�� �K�v�� �š�Z����
other hand, studying these subjects is a prerequisite 
for development of techniques for propagation and 
���µ�o�š�]�À���š�]�}�v�X
First of all, we consider studying the reproductive biology 
of rare tropical orchids as an important background and 
for any conservational project ex situ�X��
During more than three decades of orchids investigations 
in cultivation, the flowering phenology of approximately 
�ï�ñ�ì�� �š�Œ�}�‰�]�����o�� �}�Œ���Z�]���� �•�‰�����]���•�� �Á���•�� �•�š�µ���]�����X�� ���Æ�š���v��������
�Z���v���r�‰�}�o�o�]�v���š�]�}�v�� �š�Œ�����š�u���v�š�•�� �~���Œ�š�]�(�]���]���o�� �•���o�(�r�� ���v���� ���Œ�}�•�•�r
pollinations) have been used to evaluate the reproductive 
�•�š�Œ���š���P�Ç�� ���v���� ���Œ�������]�v�P�� �•�Ç�•�š���u�•�� �}�(�� �š�Z���•���� �‰�o���v�š�•�X�� �/�š�� �Á���•��
�•�Z�}�Á�v�� �š�Z���š�� �š�Z���� �u���i�}�Œ�]�š�Ç�� �}�(�� �}�Œ���Z�]���•�� �•�š�µ���]������ ���Œ���� �•���o�(�r
���}�u�‰���š�]���o�������µ�š���v�}�š�����µ�š�}�P���u�}�µ�•���~���µ�Ç�µ�v�U���î�ì�í�í�•�X��
In addition, the impact of different factors, including 
flowering longevity after pollination, pollinated flower 
position within inflorescences, resource status on 
reproductive success of orchid species ex situ has been 
analyzed for many orchid species maintained under 
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�P�o���•�•�Z�}�µ�•�������}�v���]�š�]�}�v�•���~���X�P�X�U��Angraecum eburneum Bory, 
Cymbidium dayanum Rolfe, Guarianthe bowringiana�•�X��
�d�}�� �����š���U�� �u���v�Ç�� �v���š�]�À���� �}�Œ���Z�]���•�� �•�‰�����]���•�� �(�Œ�}�u�� �^�}�µ�š�Z�r�����•�š��
Asia and South America have been propagated at the 
NBG through asymbiotic seed germination and tissue 
���µ�o�š�µ�Œ���� �‰�Œ�}�������µ�Œ���•�� �~���µ�Ç�µ�v�� ���š�� ���o�X�� �î�ì�ì�ð�V�� ���Z���Œ���À���Z���v�l�}��
���š�� ���o�X�� �î�ì�ì�ó�V�� �/�À���v�v�]�l�}�À�U�� �î�ì�í�î�•�X�� �Z�������v�š�� �Œ���•�����Œ���Z�� �}�v��
cryopreservation has focused on practical procedures 
�(�}�Œ���P���v�������v�l���•�š�}�Œ���P�����}�(���}�Œ���Z�]�����‰�}�o�o�]�v�]�����~�/�À���v�v�]�l�}�À�U���î�ì�í�î�•�X
Undoubtedly, the use of glasshouse collections of living 
plants grown under artificial climate conditions in the 
temperate zone cannot ensure conservation of the 
�Á�Z�}�o�����P���v���š�]�������]�À���Œ�•�]�š�Ç���}�(�����v�Ç���P�Œ�}�µ�‰���}�(���‰�o���v�š�•�X���t�Z���Œ�����Ç�U��
the relatively small samples that can be grown in botanic 
gardens generally offer a very slender basis for the 
�•�µ�Œ�À�]�À���o���}�(���š�Z�����•�‰�����]���•���]�v���š�Z�����(�µ�š�µ�Œ���X
This way of conservation of tropical plants can be viewed 
instead as urgent measures because when rare species 
are poorly sampled often only a small portion of their 
�����š�µ���o���P���v���š�]�������]�À���Œ�•�]�š�Ç���]�•���‰�Œ���•���Œ�À�����X���/�v���������]�š�]�}�v�U���š�Z�����‰�o���v�š��
samples are often borrowed from living collections of 
�}�š�Z���Œ�� ���}�š���v�]���� �P���Œ�����v�•�� ���(�š���Œ�� �o�}�v�P�r�š���Œ�u�� ���µ�o�š�]�À���š�]�}�v�� �µ�v�����Œ��
�P�o���•�•�Z�}�µ�•���� ���}�v���]�š�]�}�v�•�� �~���Z���Œ���À���Z���v�l�}�� ���š�� ���o�X�U�� �î�ì�ì�ó�•�X�� �d�Z����
majority of specimens in botanic gardens are cultivated 
out of the range country and not contributing to a specific 
���}�v�•���Œ�À���š�]�}�v�� �‰�Œ�}�i�����š�� �~�D���µ�v�����Œ�� ���š�� ���o�X�U�� �î�ì�ì�ï�•�X�� �d�}�� �����š���U��
�u���v�Ç�����Œ�]�š�]�����o���]�•�•�µ���•���o�]�v�l�������Á�]�š�Z���o�}�v�P�r�š���Œ�u�����}�v�•���Œ�À���š�]�}�v���}�(��
diverse germplasm, including ex situ living plant collections, 
�Z���À���� ���u���Œ�P������ �~�z�}�v�P�r���]�� �&�µ�U�� �î�ì�í�ó�V�� �W�������Œ�•���v�� ���š�� ���o�X�� �î�ì�í�ô�•�X��
Vulnerability of genebanks and the risk of genetic erosion 
through genetic drift, artificial selection and spontaneous 
hybridization affecting genebank sustainability are 
considered as a serious counter argument against 
usefulness ex situ approach for biodiversity conservation 
�~�D���µ�v�����Œ�����š�����o�X�U���î�ì�ì�í�V���s�}�o�]�•�����š�����o�X�U���î�ì�ì�õ�V���z�}�v�P�r���]���&�µ�U���î�ì�í�ó�•�X��
�������]�š�]�}�v���o�o�Ç�U�� �W�������Œ�•���v�� ���š�� ���o�X�� �~�î�ì�í�ô�•�� �Z���À���� �•�µ�P�P���•�š������ �š�Z���š��
the limited intraspecific genetic variation in traditional 
collections, orchids in particular, may clearly represent 
a serious limitation of the extent to which propagated 

plants can potentially be used for genetically sustainable 
�Œ�����}�À���Œ�Ç���‰�Œ�}�P�Œ���u�•���]�v���š�Z�����Á�]�o���X
It is well known that certain botanic gardens are very 
rich in some collections while deficient in others 
�~�,�µ�o�š�]�v���� ���š�� ���o�X�U�� �î�ì�í�ñ�•�U�� �š�Z���Œ���(�}�Œ���� ���}�o�o�����}�Œ���š�]�}�v�� ���u�}�v�P��
botanic gardens would enrich the quality of any type of 
conservation project undertaken at botanic gardens, in 
�h�l�Œ���]�v�����]�v���‰���Œ�š�]���µ�o���Œ�X��
Due to space limitations, and because collecting 
and regenerating seed samples are costly, botanic 
garden living collections cannot often accommodate 
�•�µ�(�(�]���]���v�š�o�Ç���o���Œ�P�����‰�}�‰�µ�o���š�]�}�v���•���u�‰�o���•���~�s�}�o�]�•�U���î�ì�í�ó���•�X���,�]�P�Z��
maintenance costs is one of the major limitation of ex 
situ���u���]�v�š���v���v���������}�o�o�����š�]�}�v���}�(���š�Œ�}�‰�]�����o���‰�o���v�š�•�X���D�}�Œ���}�À���Œ�U��
it reasonable substantiated that botanic gardens in richer 
countries have more species in their botanic garden’s 
���}�o�o�����š�]�}�v�•�� �~�'�}�o���]�v�P�� ���š�� ���o�X�U�� �î�ì�í�ì�•�X�� ���µ���� �š�}�� �š�Z���� �o�]�u�]�š������
resources many gardens can invest in the conservation 
of only a few or even just one target species (Cavender 
���š�����o�X�U���î�ì�í�ñ�•�X��
Therefore, prioritizing species for conservation in 
particular botanic gardens in Ukraine, which doesn’t 
belong to the countries with the highest economical 
�o���À���o���}�(�������À���o�}�‰�u���v�š�����v�������}�v�•�]�����Œ�]�v�P�������}�À���r�u���v�š�]�}�v������
limitations, we should carefully assess the existing 
collection, available resources and space, experience in 
collection management, scientific expertise available, 
regional climate (and predicted future climate) as it was 
�‰�}�]�v�š�������}�µ�š�����Ç�������À���v�����Œ�����š�����o�X���~�î�ì�í�ñ�•�X
Additionally, living plant collections are used as valuable 
sources of material for diverse scientific, conservational 
���v���������µ�����š�]�}�v���o���‰�Œ�}�i�����š�•�X��
Plant exhibitions created at each of the botanic gardens 
highlight the diversity of tropical plants, their uniqueness, 
providing education in issues related to conservation of 
�‰�o���v�š�� �•�‰�����]���•�� �•�µ�(�(���Œ������ �š�Z�Œ�}�µ�P�Z�� �}�À���Œ�r���}�o�o�����š�]�v�P�U�� �P�o�}�����o��
climate changes and irreversible loss of their natural 
�Z�����]�š���š�•�X

CONCLUSIONS
In our opinion, botanic gardens in Ukraine can be 
considered as a global conservation resource with a 
long heritage in conservation science, education and 
horticulture, and they remain at the national level as the 
main institutions involved in tropical plant conservation 
���v�����Œ���]�v�š�Œ�}���µ���š�]�}�v���‰�Œ�}�P�Œ���u�•�X�������}�š���v�]�����P���Œ�����v�•���]�v���h�l�Œ���]�v���U��
especially those maintained the National Heritage 
Collections Unit, play a central role in the ex situ conservation 
���v�������Æ�‰�o�}�Œ���š�]�}�v���}�(���š�Z�����P�o�}�����o���‰�o���v�š�����]�}���]�À���Œ�•�]�š�Ç�X

National Heritage Collections of tropical and subtropical 
plants, which are held at three of the botanic gardens 
of Ukraine, serves several functions: 1) as an approach 
�š�}�� �� ���•�•�µ�Œ���� �o�}�v�P�r�š���Œ�u�� ���}�v�•���Œ�À���š�]�}�v�� �µ�v�����Œ�� �P�o���•�•�Z�}�µ�•����
conditions in case of extinction in the wild; 2) as source 
of material for research, educational and environmental 
programs which can contribute to the conservation of a 
species; 3) as a source of germplasm both in vivo and 
in vitro, including in vitro cryopreserved propagules, 
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���À���]�o�����o�����(�}�Œ���‰�}�š���v�š�]���o���Œ���]�v�š�Œ�}���µ���š�]�}�v���‰�Œ�}�i�����š�•�X��
Current research activities at our botanic gardens are 
focused on the following issues: studies of developmental 
biology of plants under glasshouse conditions; 
investigation of structural adaptations and life histories 
of orchids, succulents, cycads to survival under a wide 
range of different habitats; development of in vivo and 
�]�v�� �À�]�š�Œ�}�� �‰�Œ�}�‰���P���š�]�}�v�� �‰�Œ�}�������µ�Œ���•�X�� �d�}�����Ç�U�� �}�µ�Œ�� ���}�š���v�]����
gardens maintain both large living collections of tropical 
�‰�o���v�š�•�����v�������}�v���µ���š�������š�]�À�����Œ���•�����Œ���Z���‰�Œ�}�P�Œ���u�•�X��
Finally, the currently existing collections having the 
status of National Heritage Collections of Ukraine are 
�u���]�v�š���]�v���������v�����Œ���‰�o���v�]�•�Z�������Z�Y�Á�]�š�Z���š�Z�����P���Œ�����v�•�[���(�}���µ�•���}�v��

the most threatened, endemic and adapted to the local 
���o�]�u���š���� �•�‰�����]���•�Y�[�� �~�s�}�o�]�•�U�� �î�ì�í�ó���•�� �š�Z���š�� �]�•�� ���}�v�•�]�•�š���v�š�� �Á�]�š�Z��
recently proposed an approach for management and use 
�}�(�� ���}�š���v�]���� �P���Œ�����v�� �o�]�À�]�v�P�� ���}�o�o�����š�]�}�v�•�� �Á�}�Œ�o���Á�]������ �~���]���Œ�]���v�r
�:���Œ���u�]�o�o�}�����š�����o�X���~�î�ì�í�ï�•�X��
In order to maximize the success of the conservation 
living collections in botanic Gardens of Ukraine, our 
efforts should be cooperative, while one of the most 
important task to be resolved remains the appropriate 
standard of collections’ maintenance and incorporation 
of collections of tropical plants into world database 
�Œ���•�}�µ�Œ�����•�X
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�^�����š�}�v�� �W�X�d�X�U�� �,�µ�� �,�}�v�P�U�� �W���Œ�v���Œ�� �,�X�� �€���š�� ���o�X�•�� �~�î�ì�í�ì�•��‘Ex 
situ conservation of orchids in a warming world’. The 
���}�š���v�]�����o���Œ���À�]���Á�����ó�ò�~�î�•�W�í�õ�ï�t�î�ì�ï
�^�u�]�š�Z�� �D�X�:�X�U�� ���Œ�}���]���� ���X�U�� �<�}�Á���o���Ì�Ç�l�� �:�X�U�� �D�]���Z�v�}�Á�]���Ì�� �^�X�U��
�D���'�}�µ�P�Z�� �,�X�E�X�� �˜�� �Z�}�����Œ�š�•�� �:�X���X�� �~�î�ì�ì�ò�•�X��‘CITES Orchid 
Checklists’.���s�}�o�X���ð�X���Z�}�Ç���o�����}�š���v�]�����'���Œ�����v�•�U���<���Á
�^�}���Z�]�� �E�X�^�X�U�� �>�]���v�� �W�]�v�� �<�}�Z�U�� ���Œ�}�}�l�� ���X�t�X�U�� �E�P�� �W�X�<�X�>�X�� �~�î�ì�ì�ð�•��
‘Southeast Asian biodiversity: an impending disaster’. 
�d�Œ���v���•���]�v�������}�o�}�P�Ç�����v�������À�}�o�µ�š�]�}�v���í�õ�~�í�î�•�W�ò�ñ�ð�r�ò�ò�ì����
�^�}���Z�]���E�X�^�X���~�î�ì�ì�ô�•��‘Tropical biodiversity loss and people—a 
brief review’.�� �����•�]���� ���‰�‰�o�X�� �����}�o�X�� �õ�W�õ�ï�t�õ�õ�X�� ���}�]�W�� �í�ì�X�í�ì�í�ò�l�i�X
���������X�î�ì�ì�ó�X�í�í�X�ì�ì�í
�^�š���À���v�•�� �'���X�� �~�í�õ�ô�õ�•��‘The latitudinal gradient in 
geographical range: how so many species coexist in the 
tropics’�X���d�Z�������u���Œ�]�����v���E���š�µ�Œ���o�]�•�š���í�ï�ï�~�î�•�W���î�ð�ì�t�î�ñ�ò
�^�Á���Œ�š�•�� �E�X���X�U�����]�Æ�}�v�� �<�X�t�X�� �~�î�ì�ì�õ���•��‘Perspectives on orchid 
conservation in botanic gardens’.�� �d�Œ���v���•�� �W�o���v�š�� �^���]�X��
�í�ð�W�ñ�õ�ì�t�ñ�õ�ô
�s�}�o�]�•���^�X�U�����o�����Z���Œ���D�X�U���^���‰�]�Œ���z�X���~�î�ì�ì�õ�•��‘Complex ex situ- in situ 
approach for conservation of endangered plant species 
and its application to Iris atrofusca of the Northern 
Negev’. ���]�}�Z�]�•�l���ï�W�í�ï�ó�t�í�ò�ì�X�����}�]�W���í�ì�X�ï�ô�õ�ó�l���]�}�Œ�]�•�l�X�ï�X�ñ
�s�}�o�]�•�� �^�X�� �~�î�ì�í�ó���•��‘Complementarities of two existing 
intermediate conservation approaches’. Plant Diversity 
�ï�õ�W�ï�ó�õ�r�ï�ô�î����
�s�}�o�]�•�� �^�X�� �~�î�ì�í�ó���• ‘Conservation utility of botanic garden 
living collections: Setting a strategy and appropriate 
methodology’.���W�o���v�š�����]�À���Œ�•�]�š�Ç���ï�õ�~�ò�•�W�ï�ò�ñ�r�ï�ó�î
�t�Ç�•���� �:�����l�•�}�v�� �W�X�^�X�U���^�µ�š�Z���Œ�o���v���� �>�X���X���~�î�ì�ì�ì�•��‘International 
Agenda for Botanic Gardens in Conservation. Botanic 
Gardens Conservation International’�U���h�X�<�X��
�t�Ç�•�����:�����l�•�}�v���W�X�^�X�U���<���v�v�����Ç���<�X���~�î�ì�ì�õ�•��‘The Global Strategy 
for Plant Conservation: a challenge and opportunity 
for the international community’.�� �d�Œ���v���•�� �W�o���v�š�� �^���]�X��
�í�ð�~�í�í�•�W�ñ�ó�ô�r�ô�ì
�z�}�v�P�r���]�� �&�µ�X�� �~�î�ì�í�ó�•��‘The vulnerability of plant genetic 
resources conserved ex situ’�X�����Œ�}�‰�X���^���]�X���ñ�ó�W�î�ï�í�ð�r�î�ï�î�ô
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FROM SINGLE INDIVIDUAL CONSERVATION TO THE RESTORATION OF NATURAL 
POPULATIONS OF CRITICALLY ENDANGERED FERN SPECIES

�Z�h�d�,�����'�h�Z���/�h�:��

�d���o�o�]�v�v�����}�š���v�]�����'���Œ�����v�U���<�o�}�}�•�š�Œ�]�u���š�•�����š�������ñ�î�U���d���o�o�]�v�v���í�í�õ�í�ï�U�����•�š�}�v�]��
�Œ�µ�š�Z�X���P�µ�Œ���]�µ�i���›���}�š�����v�]�l���������X����

ABSTRACT
Among 424 endangered or threatened Hawaiian plant taxa (USFWS 2015), 236 taxa are known from fewer than 
�ñ�ì���]�v���]�À�]���µ���o�•���~�W���W���î�ì�í�ô�•�X�����������µ�•�����}�(���š�Z���]�Œ���Œ���Œ�]�š�Ç�U���š�Z���Œ�����]�•���v�}�š�����v�}�µ�P�Z�������š���]�o�������]�v�(�}�Œ�u���š�]�}�v�������}�µ�š�����]�}�o�}�P�Ç�r�����}�o�}�P�Ç�r
�o�]�(���r�•�š�Œ���š���P�Ç�� ���v���� �Œ���‰�Œ�}���µ���š�]�À���� ���]�}�o�}�P�Ç�� �}�(�� �š�Z���•���� �•�‰�����]���•�X�� �&�}�Œ�� �š�Z�]�•�� �Œ�����•�}�v�U�� �Œ���•�����Œ���Z�� �}�v�� ���]�(�(���Œ���v�š�� ���•�‰�����š�•�� �}�(�� �š�Z���]�Œ�� �o�]�(����
�•�š�Œ���š���P�Ç�� �]�•�� �]�v�•���‰���Œ�����o���� �(�Œ�}�u�� �}�š�Z���Œ�� ���}�v�•���Œ�À���š�]�}�v�� �����š�]�À�]�š�]���•�X�� �d�Z���� �o�}�v�P�� �š���Œ�u�� �Œ���•�����Œ���Z�� �~�í�õ�õ�õ�t�î�ì�í�ô�•�� �}�v�� �š�Z�Œ������ ���Œ�]�š�]�����o�o�Ç��
endangered endemic to Kauai (Hawaiian islands) fern species Asplenium dielpallidum���E�X���^�v�}�Á�U��Asplenium dielmannii 
Viane and Asplenium diellaciniatum Viane resulted in the return of ex situ propagated plants to their natural 
�Z�����]�š���š�� �]�v���š�Z���]�Œ�����}�µ�v�š�Œ�Ç���}�(�� �}�Œ�]�P�]�v�X���^�]�u�µ�o�š���v���}�µ�•�� �š�}�� �š�Z���� �‰�}�‰�µ�o���š�]�}�v���•�š�µ���]���•�� �}�(�� �š�Z���� �š���Œ�P���š���~�š�Z���]�Œ�����]�}�o�}�P�Ç�����v���� �����}�o�}�P�Ç�U��
dynamics, adaptations to local climate pattern, habitat conditions, dispersal and distribution pattern, potential source 
populations) tests were conducted on different methods of restoring populations (reducing the competition with 
�v�}�v�r�v���š�]�À�����•�‰�����]���•�U�����À���]�o�����]�o�]�š�Ç���}�(���•�}�]�o���•�‰�}�Œ���������v�l�U���•�}�Á�]�v�P���]�v���š�}���š�Z�����Z�����]�š���š�U���š�}�o���Œ���v�������š�}���Œ���‰�o���v�š�]�v�P�����v�����š�Œ���v�•�o�}�����š�]�}�v�U��
�‰�}�‰�µ�o���š�]�}�v�� �Œ���]�v�(�}�Œ�����u���v�š�•�X�� �����š���]�o������ �o�����}�Œ���š�}�Œ�Ç�� �•�š�µ���]���•�� ���š�� �d���o�o�]�v�v�� ���}�š���v�]���� �'���Œ�����v�� �}�v�� �P���u���š�}�‰�Z�Ç�š���� �P���v���Œ���š�]�}�v�� ���v����
propagation provided a lot of relevant information (perennial life strategy of gametophytes, duration of developmental 
�•�š���P���•�����v�����š�Œ���v�•�]�š�]�}�v�•�U���}���o�]�P���š�}�Œ�Ç���}�(���}�µ�š�r���Œ�}�•�•�]�v�P�U���P�}�}���������‰�����]�o�]�š�Ç���(�}�Œ���À���P���š���š�]�À�������v�����Œ���P���v���Œ���š�]�À�����P�Œ�}�Á�š�Z�•�U�����o�•�}���š�Z����
�‰�o���v�š�•���(�}�Œ���Œ���•�š�}�Œ���š�]�}�v�X���W�o���v�š�]�v�P���(���Œ�v�•���š�}���š�Z���]�Œ���v���š�µ�Œ���o���Z�����]�š���š�������P���v���]�v���î�ì�í�ò�����v�������}�v�š�]�v�µ�������]�v���î�ì�í�ó�r�î�ì�í�ô�X

KEYWORDS
Research On Population Biology, Conservation Methods, Reinforcement, Artificial Establishment Of Populations

INTRODUCTION
Among 1,386 Hawaiian vascular plant taxa (Imada 
2012), 424 taxa are listed as Endangered or Threatened 
(USFWS 2015), and approximately 236 species of 
these are known from fewer than 50 individuals (PEP 
�î�ì�í�ô�•�X�����o�š�Z�}�µ�P�Z�����o�}�•�����š�}�����Æ�š�]�v���š�]�}�v�U���À���Œ�Ç���o�]�š�š�o�����]�•���l�v�}�Á�v��
about the life span, reproductive cycle, breeding type, 
growth pattern, dispersal factors, habitat requirements, 
limiting factors or threatening factors of such rare and 
���v�����v�P���Œ������ �•�‰�����]���•�X�� �d�Z���� �(���Œ�v�� �(�o�}�Œ���� �}�(�� �,���Á���]�]���v�� �/�•�o���v���•��
���}�v�•�]�•�š�•�� ���o�š�}�P���š�Z���Œ�� �}�(�� �î�î�î�� �š���Æ���� �}�(�� �(���Œ�v�•�X�� �K�(�� �í�ò�ó�� �š���Æ����
�}�(�� �v���š�]�À���� �(���Œ�v�•�X�� �í�ï�î�� ���Œ���� ���v�����u�]���� �~�s���Œ�v�}�v�� ���v���� �Z���v�l���Œ��
�î�ì�í�ï�•�X�� ���u�}�v�P�� �}�š�Z���Œ�� �À���•���µ�o���Œ�� �‰�o���v�š�•�U�� �W�š���Œ�]���}�‰�Z�Ç�š���•�� ���Œ����
a complicated group to study for their conservation 
because of their separate independent generations of 
gametophytes and sporophytes, with important life 
���Ç���o�����•�š���P���•�����v�������À���v�š�•���š���l�]�v�P���‰�o���������]�v�����}�š�Z���P���v���Œ���š�]�}�v�•�X��
�Z���P���Œ���o���•�•���}�(���P�}�}���������‰�����]�o�]�š�Ç���(�}�Œ���o�}�v�P�r���]�•�š���v���������]�•�‰���Œ�•���o�U��
the recruitment of sporophytes depends on species 
specific mating compatibility type of gametophytes 
�~�Z���P�Z���À���v���í�õ�ô�õ�•�X

For successful reintroduction/reinforcement/ restoration 
of the species, the research on different aspects of 
their life strategy and habitat are inseparable from 
�}�š�Z���Œ�� ���}�v�•���Œ�À���š�]�}�v�� �����š�]�À�]�š�]���•�X�� �&�}�Œ�� �‰�Œ���•���Œ�À�]�v�P�� ���Œ�]�š�]�����o�o�Ç��
endangered species, the minimum information 
immediately needed is as follows:  
•	 their historical and current distribution;
•	 population size and condition;
•	 �‰�}�‰�µ�o���š�]�}�v���•�š�Œ�µ���š�µ�Œ�����~���P���U���o�]�(���r�•�š���P���U���P���v���š�]���U���•�‰���š�]���o�•�V
•	 population dynamics;
•	 spore source, spore bank;
•	 breeding system;
•	 ���µ�Œ���š�]�}�v���}�(���o�]�(���r�•�š���P���•�V
•	 timing and duration of dispersal;
•	 factors influencing the dispersal;
•	 factors influencing the survival;
•	 tolerance to the stress and disturbance;
•	 structure and condition of natural community;
•	 habitat requirements of the species;
•	 habitat quality;
•	 ���À���]�o�����]�o�]�š�Ç���}�(���•�µ�]�š�����o�����Z�����]�š���š���‰���š���Z���•���}�v���š�Z�����o���v���•�����‰���X



115

At Tallinn Botanic Garden, the research on endangered 
plant species is focused on selected, locally or globally 
���v�����v�P���Œ�������(���Œ�v���•�‰�����]���•�X���/�š���]�•�����}�v���µ���š���������Ç�W
•	 in situ population monitoring for condition 

assessments and research on species ecology;
•	 ex situ study of reproductive biology and ex situ propagation 

for reinforcement, reintroduction and restoration;
•	 artificial establishment of populations both in situ and ex 

situ�X

�^�]�v�������š�Z���v�U���š�Z�����u�}�•�š���(���Œ�r�Œ�������Z�]�v�P���Z���•���������v���š�Z�����Œ���•�����Œ���Z��
on three IUCN Critically Endangered fern species 
���v�����u�]���� �š�}�� �š�Z���� �]�•�o���v���� �}�(�� �<���µ���]�� �~�,���Á���]�]���v�� �/�•�o���v���•�•�� �r��
Asplenium dielpallidum �E�X�� �^�v�}�Á�V��Asplenium dielmannii 
Viane and Asplenium diellaciniatum���s�]���v���X���/�š���Á���•���•�š���Œ�š������
with condition assessments and population studies, and 
continues with the efforts on artificial establishment of 
�•�µ���r�‰�}�‰�µ�o���š�]�}�v�•���}�v���š�Z�����o���v���•�����‰�����Á�]�š�Z�]�v���š�Z���]�Œ���Z�]�•�š�}�Œ�]�����o��
���]�•�š�Œ�]���µ�š�]�}�v���Œ���v�P���X

METHODS
At the beginning of the research, the whole population 
of Asplenium dielpallidum consisted of 15 reproductive 
�]�v���]�À�]���µ���o�•�� �]�v�� �š�Á�}�� �o�}�����š�]�}�v�•�X�� ���(�š���Œ�� �v�}�š�� �Z���À�]�v�P�� �������v��
found for more than 100 years, A. diellaciniatum was 
�Œ���o�}�����š�������]�v���î�ì�ì�í�����Ç���<�X���t�}�}�������v�����^�X���W���Œ�o�u���v���~�E�d���'�•�����v����
A. dielmannii �]�v���î�ì�ì�î�����Ç���>�X�����Œ�v�}�o�����~�<�Z���W�•�X���d�Z���]�Œ���v���š�µ�Œ���o��
habitats were heavily disturbed by introduced ungulates 
�}�Œ���}�À���Œ�P�Œ�}�Á�v�����Ç���v�}�v�r���v���š�]�À�����•�‰�����]���•�X
The research was started by population surveys with the 
aim to gather information about species distribution and 
���]�}�o�}�P�Ç�U���‰�}�‰�µ�o���š�]�}�v���•�š�Œ�µ���š�µ�Œ�������v�������Ç�v���u�]���•���]�v���š�Z�����Z�����]�š���š�X��
Simultaneous, small scale pilot tests were conducted on 
different potential methods of improving the condition 
of extant populations:
•	 �Œ�����µ���]�v�P�� ���}�u�‰���š�]�š�]�}�v�� �Á�]�š�Z�� �v�}�v�r�v���š�]�À���� �•�‰�����]���•��

�~�î�ì�ì�î�r�î�ì�ì�ñ�•���Á�]�š�Z���š�Z�������]�u���š�}���š���•�š���]�(���Œ���u�}�À�]�v�P���Z�]�P�Z�o�Ç��
���}�u�‰���š�]�š�]�À�����v�}�v�r�v���š�]�À�����•�‰�����]���•���}�v���Œ�������v�š�����Æ�š�]�v���š�]�}�v��
location would help the target species to recover via 
spores in the soil of the habitat;

•	 �•�}�Á�]�v�P�� �•�‰�}�Œ���•�� �]�v�� �š�}�� �š�Z���� �Z�����]�š���š�� �~�î�ì�ì�î�r�î�ì�ì�ð�V�� �î�ì�í�ï�r
�î�ì�í�ñ�•�� �Á�]�š�Z�� �š�Z���� ���]�u�� �š�}�� �š���•�š�� �š�Z���� �‰�}�•�•�]���]�o�]�š�Ç�� �}�(�� �•���o�(�r
recovery in the habitat;

•	 �•�}�]�o�� �•�‰�}�Œ���� �����v�l�� ���v���o�Ç�•���•�� �~�î�ì�ì�ô�r�î�ì�ì�õ�•�� �Á�]�š�Z�� �š�Z���� ���]�u�� �}�(��
learning if target species could have a soil spore bank 
and could be recovered from this, what are the species 
represented in the soil of the habitat and how long may 
their spores stay viable;

•	 �š���•�š�]�v�P�� �š�Z���� �‰�o���v�š�]�v�P�� �š�}�o���Œ���v������ �~�î�ì�ì�î�r�î�ì�ì�ñ�•�� �Á�]�š�Z�� �š�Z����
aim to learn if target species would tolerate any 
�Œ���r�‰�o���v�š�]�v�P�l�Œ���o�}�����š�]�}�v�� ���v���� �Á�Z�]���Z�� �Á�}�µ�o���� ������ �š�Z����
�‰�Œ���(���Œ�Œ�������o�]�(���r�•�š���P���•���(�}�Œ���š�Z�����Œ���r�‰�o���v�š�]�v�P�V

•	 ex situ�� ���}�}�•�š�]�v�P�� �}�(�� �Œ���•���µ������ �•�‰�}�Œ���o�]�v�P�•�� �~�î�ì�ì�ò�r�î�ì�ì�ó�•��
with the aim of testing if rescued sporelings could be 
used for growing plants for population reinforcement 
and restoration;

•	 experimenting with population reinforcement 
�~�î�ì�ì�ó�r�î�ì�í�í�•�U�� �Á�]�š�Z�� �š�Z���� ���]�u�� �š�}�� �]�v���Œ�����•�]�v�P�� �š�Z���� �•�‰�}�Œ����
source of the habitat and testing if establishment of 
experimental populations within fenced exclosures 
would affect the dispersal of the species via 
colonization of new patches of suitable habitat;

•	 laboratory experiments on reproductive biology and 
�‰�Œ�}�‰���P���š�]�}�v�� ���š�� �d���o�o�]�v�v�� ���}�š���v�]���� �'���Œ�����v�� �~�î�ì�í�í�r�î�ì�í�ñ�•��
�Á�]�š�Z���š�Z�������]�u���}�(���o�����Œ�v�]�v�P�������}�µ�š���•�‰�����]�(�]�����o�]�(���r�•�š�Œ���š���P�]���•��
of gametophytes and working out propagation 
�‰�Œ�}�š�}���}�o�•���(�}�Œ�����}�v�•���Œ�À���š�]�}�v�X

Based on the information gathered, it was planned to 
�]�v�]�š�]���š�����P�Œ�����µ���o���}�µ�š�r�‰�o���v�š�]�v�P���}�(��ex situ propagated plants 
���µ�Œ�]�v�P���•���À���Œ���o�����}�v�•�����µ�š�]�À���� �Ç�����Œ�•�X���d�Z���� �µ�o�š�]�u���š���� ���]�u�� �Á���•��
�š�}���Œ���]�v�(�}�Œ�������š�Z�����•�‰�����]���•�����Ç�����Œ�š�]�(�]���]���o�����•�š�����o�]�•�Z�u���v�š���}�(���•�µ���r
populations in protected sites by fencing locations within 
�š�Z���]�Œ���Z�]�•�š�}�Œ�]�����o���Œ���v�P���X

RESULTS
	 The study of population structure and dynamics 
revealed that target species had seasonal growth 
�Á�]�š�Z�� �P���Œ�u�]�v���š�]�}�v�� �‰�����l�•�� ���µ�Œ�]�v�P�� �Œ���]�v�Ç�� �‰���Œ�]�}���•�X�� �E���š�µ�Œ���o��
recruitment was cyclical according to the ENSO climate 
�‰���š�š���Œ�v���}�(���o�}�v�P���Œ���‰���Œ�]�}���•���}�(���Á���š�š���Œ�����v�������Œ�]���Œ���Ç�����Œ�•�X���^�š���P����
transition monitoring demonstrated that the relative 
amount (the number) of transitions to premature stage 
���}�µ�o���� �‰�}�•�•�]���o�Ç�� �]�v���]�����š���� �‰�}�‰�µ�o���š�]�}�v�� ���}�v���]�š�]�}�v�� ���v���� �š�Œ���v���X��
The survival rates of newly established individuals were 
very low, as a result of heavy disturbance in the habitat 

�����µ�•���������Ç���]�v�š�Œ�}���µ�����������v�����(���Œ���o���µ�v�P�µ�o���š���•�X���/�š���Á���•���o�����Œ�v������
�š�Z���š�����Ç�v���u�]�����•�µ���r�‰�}�‰�µ�o���š�]�}�v�•�U���]�(���]�u�u�����]���š���o�Ç���‰�Œ�}�š�����š�����U��
could serve as source populations for recovery and 
�Œ���•�š�}�Œ���š�]�}�v���}�(���š�Z�����•�‰�����]���•�X��

	 Reducing competition with non-native species 
Although the exact location of previously extinct 
individuals was known and weeding regularly conducted, 
the target species did not recover during the study period 
�}�(�� �î�ì�ì�î�r�î�ì�ì�ò�X�� ���À���v�š�µ���o�o�Ç�U�� �š�Z�]�•�� ���Æ�‰���Œ�]�u���v�š�� �Z������ �š�}�� ������
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�(�]�v�]�•�Z���������•���v�}�v�r�v���š�]�À�����‰�o���v�š�•���•�‰�����]���•�����������u�����Œ���‰�o�������������Ç��
native species (Luzula hawaiiensis, Bidens sandwicensis, 
Rumex albescens, Doryopteris decipiens, Poa�� �•�‰�X�U��Carex 
�•�‰�X�U��Acacia koa�•���}�v���š�Z�����•�š�µ���Ç���‰�o�}�š�•�X

	 Sowing spores to the habitat was conducted twice. 
�d�Z���� �(�]�Œ�•�š�� �š���•�š�� �~�î�ì�ì�î�r�î�ì�ì�ð�•�U���Á�]�š�Z���š�Z���� �•�‰�}�Œ���•�� �}�(�� �µ�v�l�v�}�Á�v��
quality collected from a single individual of Asplenium 
dielpallidum, did not result with the establishment of 
�P���u���š�}�‰�Z�Ç�š���•�� �}�Œ�� �•�‰�}�Œ�}�‰�Z�Ç�š���•�� �}�(�� �š�Z���� �•�‰�����]���•�X�� �/�š�� �Á���•��
�o�����Œ�v������ �š�Z���š�� �š�Z���� ���Œ�}�•�]�}�v�� �����µ�•������ ���Ç�� �}�À���Œ�r�‰�}�‰�µ�o���š�]�}�v��
of ungulates was one major limiting factor against 
natural establishment for the species with spores or 
�•�u���o�o���•�������•�X���d�Z�����•�����}�v�����š���•�š���~�î�ì�í�ï�r�î�ì�í�ñ�•���Á���•���u�����������Ç��
sowing a mixture of fresh spores of different individuals 
of Asplenium dielmannii into the protected area at the 
�‰�Œ���À�]�}�µ�•�� �o�}�����š�]�}�v�X�� �d�Z���� ���•�š�����o�]�•�Z�u���v�š�� �}�(�� �P���u���š�}�‰�Z�Ç�š���•��
and sporophytes was not documented during that 
period, but it was learned how important it is to consider 
�š�Z�����Œ�}�o�����}�(���Z���š���Œ�}�P���v�]�š�Ç���}�(���u�]���Œ�}�Z�����]�š���š�•�X

	 Soil spore bank analysis 2007-2009
From repeated tests it was learned which species were 
represented in the soil and how long they stayed  viable in 
�š�Z�����•�}�]�o���}�(���š�Z�]�•���‰���Œ�š�]���µ�o���Œ���Z�����]�š���š�X���d�Z�����š���Œ�P���š���•�‰�����]���•���Á���•��
not separated from gametophyte cultures grown from 
�•�}�]�o�� �•���u�‰�o���•�X�� �D�}�•�š�� �}�(�� �v���š�]�À���� �•�‰�����]���•�� �š�Z���š�� �P���Œ�u�]�v���š������
during the test were less abundant, their germination 
and development of the gametophytes much slower 
�š�Z���v���š�Z���š���}�(���v�}�v�r�v���š�]�À�����•�‰�����]���•�X���d�Z�����š���•�š�•���Œ���À�����o�������š�Z���š��
�š�Z�����•�}�]�o���•�‰�}�Œ���������v�l���Á���•�����}�u�]�v���š���������Ç���(���•�š���P�Œ�}�Á�]�v�P���v�}�v�r
�v���š�]�À�����•�‰�����]���•���~���P�µ�Œ���]�µ�i���U���h�Œ�u���v���î�ì�ì�ô�V���h�Œ�u���v���î�ì�ì�õ�•�X

	 Testing the planting tolerance (2004-2006)
Damaged and thus close to death individuals of different 
life stages (sporeling, premature, mature) were used for 
in situ�� �š���•�š�]�v�P�� �‰�o���v�š�]�v�P�� �}�Œ�� �Œ���o�}�����š�]�}�v�� �š�}�o���Œ���v�����X�� �/�š�� �Á���•��
experienced that the target species of interest were 
tolerant to replanting, but it became evident that the 
current stage of the degradation of the habitat was a 
�o�]�u�]�š�]�v�P�� �(�����š�}�Œ�� �(�}�Œ�� �Œ���‰�o���v�š�•�X�� �d�Z���� �•�µ�Œ�À�]�À���o�� �Œ���š���•�� ���v���� �o�]�(����
span of mature replants was longer, they recovered and 
�‰�Œ�}���µ���������o�}�š�•���}�(���•�‰�}�Œ���•�����µ�Œ�]�v�P���š�Z���]�Œ���o�]�(�����š�]�u���X

	 Ex situ boosting of rescued sporelings at NTBG (2006-2007)
The condition of damaged and uprooted (by feral 
ungulates) sporelings and premature individuals 
recovered, and in stable nursery conditions most of them 
�š�Œ���v�•�]�š�]�}�v������ �]�v�š�}�� �š�Z���� �u���š�µ�Œ���� �•�š���P���� �Á�]�š�Z�]�v������ �Ç�����Œ�X���/�š�� �Á���•��
learned that gametophytes and sporelings rescued from 

heavily disturbed habitats, used to boost ex situ holdings, 
could be returned to the habitat and used for population 
�Œ���]�v�(�}�Œ�����u���v�š���]�v���‰�Œ�}�š�����š���������Œ�����•���~���P�µ�Œ���]�µ�i�����î�ì�í�ì�•�X

	 Experimenting population reinforcement (2007-2011) 
Translocation from stable nursery conditions back to 
the wild places transplants under great stress, although 
it could be mitigated by growing plants in hardening 
���}�v���]�š�]�}�v�•�X�� �Z���À���Œ�•���o�� �(�Œ�}�u�� �u���š�µ�Œ���� �•�‰�}�Œ���r�‰�Œ�}���µ���]�v�P�� �š�}��
vegetative premature looking conditions is a clear sign 
�}�(�� �•�š�Œ���•�•�� �]�v�� �����•���� �}�(�� �(���Œ�v�•�X�� �d�Z���� �v�µ�u�����Œ�� �}�(�� �]�v���]�À�]���µ���o�•�� �]�v��
the reproductive stage decreased consistently during the 
�Ç�����Œ�•�X���&�}�Œ���î�ì�í�ô�U���š�Z�����•�]�Ì�����}�(���š�Z�������Æ�‰���Œ�]�u���v�š���o���‰�}�‰�µ�o���š�]�}�v��
���������u���� ���‹�µ���o�� �Á�]�š�Z�� �š�Z���� �•�]�Ì���� �}�(�� �š�Z���� �v���š�µ�Œ���o�� �‰�}�‰�µ�o���š�]�}�v�X��
This first test of population reinforcement on these fern 
species reminded us of the importance of considering 
�š�Z�����u�]���Œ�}�•�]�š�������}�v���]�š�]�}�v�•�����v�����Z�����]�š���š���‹�µ���o�]�š�Ç�X

	 Laboratory tests on reproductive biology and 
propagation ���š�� �d���o�o�]�v�v�� ���}�š���v�]���� �'���Œ�����v�� �~�î�ì�í�í�r�î�ì�í�ñ�•��
provided information about:
•	 the perennial life strategy of gametophytes;
•	 the duration of developmental stages of gametophyte 

and the timing of transitions as an adaptation to 
seasonality in habitat conditions;

•	 �š�Z�����}���o�]�P���š�}�Œ�Ç���v���š�µ�Œ�����}�(���}�µ�š�r���Œ�}�•�•�]�v�P�U�����v��
•	 the good capability of gametophytes for vegetative 

���v�����Œ���P���v���Œ���š�]�À�����P�Œ�}�Á�š�Z�X��
It was also learned that gametophyte cultures of these 
species could serve well for preserving the genepool for 
ex situ�� �Œ���•�����Œ���Z�� ���v���� �‰�Œ�}�‰���P���š�]�}�v�� �(�}�Œ�� �Œ���•�š�}�Œ���š�]�}�v�X�� �d�Z����
�(�µ�o�o�� ���Ç���o���� �(�Œ�}�u�� �š�Z���� �•�‰�}�Œ���� �š�}�� �u���š�µ�Œ���� �•�‰�}�Œ���r�‰�Œ�}���µ���]�v�P��
�]�v���]�À�]���µ���o���š�}�}�l���ð�r�ñ���Ç�����Œ�•���]�v�����µ�o�š�]�À���š�]�}�v���~���P�µ�Œ���]�µ�i�����î�ì�í�ð�•�X��
Eventually, thousands of individuals were grown from the 
�o�����}�Œ���š�}�Œ�Ç�����Æ�‰���Œ�]�u���v�š���u���š���Œ�]���o�X�����•�������•���]���v�š�]�(�]�������}�v���š�]�}�v�U��
���o�š�}�P���š�Z���Œ�� �í�ï�� �š�Z���Œ�u�}���}�Æ���•�� �Á�]�š�Z�� �í�U�ó�õ�ì�� �•�‰�����]�u���v�•��
were translocated from Estonia to Hawaiian islands 
and received alive by the National Tropical Botanical 
Garden (NTBG),  where they were replanted, and later 
on, relocated to Kauai Mesic Elevation Nursery in Kokee 
for further acclimatization to the local natural climate 
�~���P�µ�Œ���]�µ�i�����î�ì�í�ó�•�X

	 Gradual out-planting to the natural habitat, within 
their historical distribution area, started in 2016 and 
���}�v�š�]�v�µ������ �]�v�� �î�ì�í�ó�r�î�ì�í�ô�X�� �^�]�v������ �š�Z���v�� ���o�š�}�P���š�Z���Œ�� �ñ�ó�ñ��
individuals were planted to a natural habitat in five 
locations within fenced exclosures: 
•	 Asplenium dielpallidum�� �� �r�� �ï�ð�ï�� �]�v���]�À�]���µ���o�•�� �]�v�� �š�Á�}��

locations in Kuia Natural Area Reserve,  survival 
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�õ�í�U�ò�9�����(�š���Œ���š�Z�����(�]�Œ�•�š���Ç�����Œ���]�v���š�Z�����Z�����]�š���š�V��
•	 Asplenium dielmannii�� �t�� �í�ò�ð�� �]�v���]�À�]���µ���o�•�� �]�v�� �š�Á�}��

location, in Na Pali Kona Reserve and Kokee State 
�W���Œ�l�U���õ�ò�U�ñ���9�����o�]�À�������(�š���Œ���š�Z�����(�]�Œ�•�š���Ç�����Œ���]�v���š�Z�����Z�����]�š���š�V��

•	 Asplenium diellaciniatum�� �t�� �ó�ô�� �]�v���]�À�]���µ���o�•�� �]�v�� �}�v����

location, in Na Pali Kona Reserve, all alive after the 
�(�]�Œ�•�š���Ç�����Œ���]�v���š�Z���]�Œ���v���Á���o�}�����š�]�}�v�X��

���o�š�Z�}�µ�P�Z�� �š�Z���� �v�µ�u�����Œ�•�� �}�(�� �•�‰�}�Œ���r�‰�Œ�}���µ���]�v�P�� �]�v���]�À�]���µ���o�•��
has increased remarkably, comparative monitoring of 
�Œ���]�v�š�Œ�}���µ�����������v�����v���š�µ�Œ���o���•�µ���r�‰�}�‰�µ�o���š�]�}�v�•���Á�]�o�o�����}�v�š�]�v�µ���X

CONCLUSIONS
Although first year survival rates of transplants were 
relatively high, the effect of microhabitat selection 
�•�š���Œ�š������ �š�}�� �}�����µ�Œ�� �}�v�� �š�Z���� �ï�ä�Ö�� �Ç�����Œ�� �}�(�� �š�Z���� �(�]�Œ�•�š�� �š���•�š�� �}�(��
�‰�}�‰�µ�o���š�]�}�v�� �Œ���]�v�(�}�Œ�����u���v�š�X�� �&�}�Œ�� �š�Z���� �•�‰�����]���•�� �Á�Z�]���Z�� �Z���À����
slow developmental rates in gametophyte generation, 
the recruitment  of new sporophytes in the habitat, could 
�‰�}�•�•�]���o�Ç�����������Æ�‰�����š���������š���o�����•�š���ï�r�ñ���Ç�����Œ�•�����(�š���Œ���}�µ�š�r�‰�o���v�š�]�v�P���š�}��
�š�Z�����v���š�µ�Œ���o���Z�����]�š���š���~���P�µ�Œ���]�µ�i�����î�ì�í�ð�•�X���Z���]�v�š�Œ�}���µ���š�]�}�v�����}�µ�o����
be assessed as successful at the moment when natural 
�Œ���P���v���Œ���š�]�}�v�����‰�‰�����Œ�•���~�'�}�����(�Œ�}�]�������š�����o�X���î�ì�í�í�•�X�����š���o�����•�š���í�ì��
years of monitoring would be critical for estimating if the 
reintroduction effort has been successful in mitigating 

���P���]�v�•�š���š�Z�������Æ�š�]�v���š�]�}�v���}�(���š�Z�����(���Œ�v���•�‰�����]���•�X
This research confirmed that reinforcement, restoration 
�}�Œ�� �Œ���r���•�š�����o�]�•�Z�u���v�š�� �}�(�� �v���Á�� �‰�}�‰�µ�o���š�]�}�v�•�� ���}�µ�o���� ������
�‰�}�•�•�]���o���� �]�v�� �š�Z���� �����•���� �}�(�� �����Œ�š���]�v�� ���v�����v�P���Œ������ �•�‰�����]���•�X��
The prerequisite for step by step success is a thorough 
knowledge about species life strategy and habitat 
�Œ���‹�µ�]�Œ���u���v�š�•�X�� �^�‰�����]���•�� �Œ���‹�µ�]�Œ���u���v�š�•�� �•�Z�}�µ�o���� ������ �•���š�� ���•�� ����
�‰�Œ�]�}�Œ�]�š�Ç���(�}�Œ���Œ�������Z�]�v�P���š�Z�����]�u�‰�Œ�}�À���u���v�š���}�(���š�Z���]�Œ�����}�v���]�š�]�}�v�X��
The management and conservation actions should be 
planned and timed in accordance to the species needs, 
and methods applied as soon as they are proved to be 
�µ�•���(�µ�o���(�}�Œ���]�u�‰�Œ�}�À�]�v�P���š�Z�������}�v���]�š�]�}�v���}�(���š�Z�����•�‰�����]���•�X
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�'�}�����(�Œ�}�]�����^�X�U���W�]���Ì�Ì�������X�U���Z�}�•�•�]���'�X�U�����µ�}�Œ�����^�X�U���^�š���À���v�•�����X�r���X�U��
���P�µ�Œ���]�µ�i���� �Z�X�U�� ���}�Á���o�o�� ���X�U�� �t�����l�o���Ç�� ���X�t�X�U�� �s�}�P�P�� �'�X�U�� �/�Œ�]�}�v���}��
�:�X�U�� �:�}�Z�v�•�}�v�� �/�X�U�� ���]�Æ�}�v�� ���X�U�� �'�}�Œ���}�v�� ���X�U�� �D���P�v���v�}�v�� �^�X�U�� ���X�U��
�s���o���v�š�]�v�����X�U�����i�µ�Œ���l�����<�X�U���<�}�}�‰�u���v���Z�X�U���s�]�����v�•���D�X�U���s�]�Œ���À���]�Œ�����D�X�U��
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reintroductions?´�����]�}�o�}�P�]�����o�����}�v�•���Œ�À���š�]�}�v���í�ð�ð�W���ò�ó�î���r���ò�ô�î�X

�/�u�������� �d�X���X�� �~�î�ì�í�î�• Hawaiian Native and naturalized 
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Bishop Museum Technical Report 60, Honolulu
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�h�Œ�u���v�U�� �<�X�� �~�î�ì�ì�õ�•��´The experimental study of natural 
spore bank of rare forest communities of Kauai (Hawaiian 
Islands): could it be used for the conservation of the fern 
species?´ Fifth European Botanic Gardens Congress 
���µ�Œ�}�'���Œ���� �s�X�� ���}�š���v�]���� �'���Œ�����v�•�� �]�v�� �š�Z���� ���P���� �}�(�� ���o�]�u���š����
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�s���Œ�v�}�v�� �>�X���U�� �Z���v�l���Œ�� ���X�d�X�� �~�î�ì�í�ï�•��´Current Status of the 
Ferns and Lycophytes of the Hawaiian islands´ American 
�&���Œ�v���:�}�µ�Œ�v���o���í�ì�ï�~�î�•�W�ñ�õ�r�í�í�í
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BOTANICAL RESEARCH OF PRAGUE BOTANICAL GARDEN IN SOUTHERN VIETNAM

�Z�K�D���E�����Z�z���<�K�s��¹*�U���:���E�����>���K�E�'���a�<�K�Z�E�/���<�K�s��²�U���K�d���<���Z���a�1����³�U���:���E���W�K�E���Z�d�÷���û,
���E���Z���z���E�X���<�h�•�E���d�^�K�s�ú�U���s�>���^�d�/�<���Z�z���<��¹�U���<���Z���>���W���d�Z�•���>�<��¹

�÷�W�Œ���P�µ�������}�š���v�]�����o���'���Œ�����v�U���d�Œ�}�i�•�l�����ô�ì�ì�l�í�õ�ò�U���W�Œ���Z�����ó�U�����•���í�ó�í���ì�ì�U�����Ì�����Z���Z���‰�µ���o�]��
�ø�^�]�v�P���‰�}�Œ�������}�š���v�]�����'���Œ�����v�•�U���í�����o�µ�v�Ç���Z���U���^�]�v�P���‰�}�Œ�����î�ñ�õ�ñ�ò�õ��
�ù�E���š�]�}�v���o�� �D�µ�•���µ�u�U�� �E���š�]�}�v���o�� �,�]�•�š�}�Œ�Ç�� �D�µ�•���µ�u�U�� �����‰���Œ�š�u���v�š�� �}�(�� ���}�š���v�Ç�U�� ���]�Œ�l�µ�•�}�À���� �í�ó�ð�ì�U�� �í�õ�ï�� �ì�ì�� �W�Œ���Z���� �õ���r�� �,�}�Œ�v�_��
�W�}�����Œ�v�]�����U�����Ì�����Z���Z���‰�µ���o�]��
�ú�:�}�]�v�š���Z�µ�•�•�]���v�r�s�]���š�v���u���•�����d�Œ�}�‰�]�����o���^���]���v�š�]�(�]�������v�����d�����Z�v�}�o�}�P�]�����o�������v�š���Œ�U�������µ���'�]���Ç�U���,���v�}�]�U���s�]���š�v���u
�û�����‰���Œ�š�u���v�š���}�(�����Æ�‰���Œ�]�u���v�š���o���W�o���v�š�����]�}�o�}�P�Ç�U���&�����µ�o�š�Ç���}�(���^���]���v�����U�����Z���Œ�o���•���h�v�]�À���Œ�•�]�š�Ç�U���s�]�v�]���v�����ñ�U���W�Œ���P�µ���U�����Ì�����Z���Z���‰�µ���o�]��
�Ž�Z�}�u���v���X�Z�Ç���l�}�À���›���}�š���v�]���l���X���Ì

INTRODUCTION
�d�Z�����u�}�µ�v�š���]�v�•���}�(���•�}�µ�š�Z���Œ�v���s�]���š�v���u���•�Z���o�š���Œ���Z�]�P�Z���‰�o���v�š�����]�À���Œ�•�]�š�Ç�����v�������Œ�����v�}�š���Ç���š���(�µ�o�o�Ç�����Æ�‰�o�}�Œ�����X���,�}�v���������E���š�µ�Œ�����Œ���•���Œ�À����
���v�������]���}�µ�‰���r�E�µ�]���������E���š�]�}�v���o���W���Œ�l�����Œ�����š�Z�������Œ�����•���Á�]�š�Z���š�Z�����Z�]�P�Z���•�š�����}�š���v�]�����o���•�‰�����]���•���Œ�]���Z�v���•�•���]�v���š�Z�����Œ���P�]�}�v�X���K�µ�Œ�����]�u���Á���•��
�š�}�����}�v�š�Œ�]���µ�š�����š�}���l�v�}�Á�o�����P�����}�(���o�}�����o���À���P���š���š�]�}�v�����v�����š�}�����Z���Œ�����š���Œ�]�Ì�����š�Z�������]�•�š�Œ�]���µ�š�]�}�v���}�(���•���o�����š�������‰�o���v�š�•���]�v���š�Z���•�������Œ�����•�X��

STUDY AREA
The Hon Ba Nature Reserve was established in 2005 
with a strictly protected zone of 10 448, 2 ha covering a 
mountain massif lying 20 km westwards from Nha Trang 
City, being the easternmost projection of the Lang Biang 
�W�o���š�����µ�U�� �Á�Z�]���Z�� ���}�v�š�]�v�µ���•�� �}�v�� �š�}�� �E���š�]�}�v���o�� �W���Œ�l�� ���]���}�µ�‰�� �t��
�E�µ�]�������X���d�Z���������•�š���Œ�v���•�o�}�‰���•���}�(���,�}�v�����������Œ�����µ�v�����Œ�����}�v�•�š���v�š��
influence of their proximity to the sea, exposed to winds 
���v���� �Z�µ�u�]���]�š�Ç�X�� �,���Œ���U�� �š�Z���� �Á���Œ�u�� ���v���� �Z�µ�u�]���� ���]�Œ�� �(�o�}�Á�]�v�P��
from the sea meets the cooler mountain air; this causes 
a specific microclimate with frequent mists and high air 
�Z�µ�u�]���]�š�Ç�X�� �d�Z���� �Z�]�P�Z���•�š�� �‰�����l�� �}�(�� �,�}�v�� ������ �u�}�µ�v�š���]�v�� �Œ�]���P����
�Œ�������Z���•�������Z���]�P�Z�š���}�(���í�U�ñ�ò�ó���u�����X�•�X�o�X
���]���}�µ�‰���r�� �E�µ�]�� ������ �E���š�]�}�v���o�� �W���Œ�l�� �Á���•�� ���•�š�����o�]�•�Z������ �]�v�� �î�ì�ì�ð��

and is named after the two highest peaks of the Lang 
Biang plateau: Bidoup (2,287m) and Nui Ba (2,167m), the 
�(�}�Œ�u���Œ���]�•���š�Z�����•�����}�v�����Z�]�P�Z���•�š���‰�����l���}�(���•�}�µ�š�Z���Œ�v���s�]���š�v���u�X��
The total area of 70,038 ha makes the park one of five 
�o���Œ�P���•�š���v���š�]�}�v���o���‰���Œ�l�•���]�v���s�]���š�v���u�X
Four expeditions to Hon Ba and Bidoup were undertaken, 
based on a Memorandum on Cooperation agreed and 
signed between the Botanical Garden of Prague and the 
�/�v�•�š�]�š�µ�š���� �}�(�� �d�Œ�}�‰�]�����o�� ���]�}�o�}�P�Ç�X�� �d�Z���� �(�]�Œ�•�š�� �‰���Œ�š�� �}�(�� �i�}�]�v�š�� �(�]���o����
�Á�}�Œ�l���Á���•���]�u�‰�o���u���v�š�������]�v���:�µ�v�����t���:�µ�o�Ç���î�ì�í�í�U���(�}�o�o�}�Á���������Ç��
�����•�����}�v�����(�]���o�����š�Œ�]�‰�������Œ�Œ�]�������}�µ�š���]�v���&�����Œ�µ���Œ�Ç���t���D���Œ���Z���î�ì�í�î��
���v�����š�Z�����o���•�š���š�Œ�]�‰���Á���•���µ�v�����Œ�š���l���v���]�v���:���v�µ���Œ�Ç���î�ì�í�ï�X�����]���}�µ�‰�r
�E�µ�]���������E���š�]�}�v���o���W���Œ�l���Á���•�����Æ�‰�o�}�Œ�������]�v���D���Œ���Z���t�����‰�Œ�]�o���î�ì�í�ó�X��

RESULTS
The joint team in Hon Ba confirmed in situ 1,200 taxa, 
among this number are many species listed in the Red 
�����š�������}�}�l���}�(���s�]���š�v���u�����v�����/�h���E���Z�������>�]�•�š�X���^�}�u�����Œ�����}�Œ���•��
seem to be the first confirmation of their occurrence 
�]�v�� �s�]���š�v���u�X�� ���v�� �]�v�š���Œ���•�š�]�v�P�� �(�����š�µ�Œ���� �}�(�� �š�Z���� ���Œ������ �]�•�� �š�Z����
mixture of northern floral elements such as Acer, 
Carpinus, Quercus, Salix, Anemone, Viola and tropical 
elements such as palms like Pinanga, Plectocomia, but 
also families as Ancistrocladaceae, Balanophoraceae, 
Gleicheniceae, Lecythidaceae and Zingiberaceae�X�� �d�Z����
main focus of the work was on herbs of the forest floor 
���v���� �}�v�� ���‰�]�‰�Z�Ç�š���•�X�� �^�}�u���� �v���Á�� �•�‰�����]���•�� �Á���Œ���� �Œ�����}�P�v�]�Ì������
���v���� �•�µ���•���‹�µ���v�š�o�Ç�� �•���]���v�š�]�(�]�����o�o�Ç�� �����•���Œ�]�������� �t��Arisaema 
claviforme, Cleisostoma yersinii, Vanilla atropogon and 
Zingiber discolor.���&�Œ�}�u�����]���}�µ�‰�r�E�µ�]���������E���š�]�}�v���o���W���Œ�l�U���v���Á��

species of gingers (Zingiberaceae), Meistera caudata and 
Meistera sudae were prepared for publication and one 
���•�‰�]���]�•�š�Œ���� �•�‰�����]���•�� �]�•�� �]�v�� �š�Z���� �‰�Œ�}�����•�•�� �}�(�� �����]�v�P�� �����•���Œ�]�������X��
Numerous plants deserve further study and consultation 
with specialists from Vietnam or abroad to provide an 
�������µ�Œ���š���� �����š���Œ�u�]�v���š�]�}�v�X�� �,�}�Á���À���Œ�U�� �]�š�� �]�•�� �����Œ�š���]�v�� �š�Z���š�� �š�Z����
number of vascular plants of Hon Ba Nature Reserve is 
���š���o�����•�š������ �u�µ�o�š�]�‰�o���� �}�(�� �š�Z���� �‰�Œ���À�]�}�µ�•�o�Ç�����Æ�]�•�š�]�v�P���}�(�(�]���]���o���o�]�•�š�X��
The majority of the data were collected in the field, 
but selected plants (mostly gingers, ferns, orchids and 
gesneriads) were brought to Prague Botanical Garden 
(with all necessary permits) and are part of its tropical 
���}�o�o�����š�]�}�v�•�X�� �Z���•�µ�o�š�•�� ���Œ���� �����]�v�P�� �‰�Œ�}�À�]�������� �š�}�� �š�Z���� �Œ���o���À���v�š��
Vietnamese authorities to allow for more efficient 
�‰�Œ�}�š�����š�]�}�v���}�(���š�Z�����o�}�����o���(�o�}�Œ���X��
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	 Gingers
The whole plateau is very rich in gingers and it is highly 
predicted that there are still some species unknown to 
�•���]���v������ �š�Z���š�� �Œ���u���]�v�� �š�}�� ������ ���]�•���}�À���Œ�����X�� �/�v�� �,�}�v�� ������ ���Œ�����U��
�í�í�����]�(�(���Œ���v�š���š���Æ�����(�Œ�}�u���•�]�Æ���P���v���Œ�����Á���Œ�������}�o�o�����š�����X�����Æ�����‰�š��
for the new species mentioned above as our new 
discoveries, it is worthy of mention that a member of 
rare genus Siliquamomum, S. oreodoxa was described 
���o�•�}���(�Œ�}�u���š�Z�������Œ�������}�(�����]���}�µ�‰�X��

	 Orchids
�^�}���(���Œ���Á�����Z���À�����Œ�����}�Œ���������u�}�Œ�����š�Z���v���õ�ì���•�‰�����]���•���}�(���}�Œ���Z�]���•��
�(�Œ�}�u���š�Z�]�•���Œ���P�]�}�v�X���^�}�u�����•�‰�����]���•�����Œ�����Œ���•�š�Œ�]���š�������š�}�������•�]�v�P�o����
�o�}�����š�]�}�v�U�� �Á�Z�]�o���� �}�š�Z���Œ�•�� ���Œ���� �‰�Œ���•���v�š�� �]�v�� �o���Œ�P���� ���Œ�����•�X�� �^�}�u����
�}�(�� �}�µ�Œ�� �(�]�v���]�v�P�•�� �Á���Œ���� �‹�µ�]�š���� �•�µ�Œ�‰�Œ�]�•�]�v�P�X�� �&�}�Œ�� ���Æ���u�‰�o���U��
we discovered one plant of Dendrobium farinatum, 
originally described in 2004 from cultivated material 
in Germany, which originated from an unknown place 
�]�v�� �s�]���š�v���u�X�� �^�}�u���� �}�š�Z���Œ�•�� ���Œ���� �v���Á�� �� �š�}�� �•���]���v������ �~���X�P�X��
Cleisostoma yersinii, Vanilla atropogon, Bulbophyllum�����(�(�X��
umbellatum, Zeuxine „honbaensis“�� �•�����š�X��Psychechilos�•�X��
Four species represent the first record for Vietnam 
(Appendicula ovalis, Cephalantheropsis halconensis, 
Hetaeria finlaysoniana and Lecanorchis nigricans�•�X
All of the five main currently accepted subfamilies of 
the Orchidaceae were found to be present in the Hon 
������ �Œ���•���Œ�À���X�� �d�Z���� �u�}�•�š�� �]�u�‰�}�Œ�š���v�š�� �}�(�� �š�Z���•���� �]�•�� �•�µ���(���u�]�o�Ç��
Apostasioideae�U���Á�Z�]���Z���]�•�������À���Œ�Ç���Œ���Œ�������v�������v���]���v�š���~�����•���o�r
most) orchid group that survives up to the recent period 
�]�v���š�Œ�}�‰�]�����o�����•�]���v���(�}�Œ���•�š�•���}�v�o�Ç�X���d�Z�Œ������ �•�‰�����]���•���Á���Œ�����(�}�µ�v����
in the Hon Ba reserve, while two of them could not be 
�����š���Œ�u�]�v������ ���������µ�•���� �Á���� �(�}�µ�v���� �}�v�o�Ç�� �•�š���Œ�]�o���� �]�v���]�À�]���µ���o�•�X��
Based on leaf characters, these species could be some 
�}�š�Z���Œ���v���Á�o�Ç�����]�•���}�À���Œ�������•�‰�����]���•�X��

	 Conifers
Conifers are an important vegetational component 
�]�v�� ���}�š�Z�� �Œ���•�����Œ���Z�� ���Œ�����•�X�� ���o�š�}�P���š�Z���Œ�U�� �í�ì�� �•�‰�����]���•�� �]�v�� �ó��
genera from 4 families were recorded, indicating a 
high diversity of conifers in the mountains of southern 
�s�]���š�v���u�X���Z���Œ�����•�‰�����]���•���Á�}�Œ�š�Z�Ç���}�(���u���v�š�]�}�v�U���•�µ���Z�����•��Pinus 
krempfii, Fokienia hodginsii and Nageia wallichiana were 
�Œ�����}�Œ�������X���d�Z�����(�]�Œ�•�š���}�v�����u���v�š�]�}�v�������Z���•���š�Z�����u���i�}�Œ���‰���Œ�š���}�(��
its distribution in the study area and it is a remarkable 
dominant of some parts of the mountainous forest, 
���•�‰�����]���o�o�Ç�� �}�v�� �u�}�µ�v�š���]�v�� �Œ�]���P���•�X�� �/�v�� �,�}�v�� ������ ���Œ�����U�� �i�µ�•�š�� �š�Z����
last 22 mature trees are present, but there are places 
�]�v���š�Z�������]���}�µ�‰���r�E�µ�]�����������Œ�������Á�]�š�Z���v�µ�u���Œ�}�µ�•���u���š�µ�Œ�����š�Œ�����•�X

CONCLUSIONS
Research of mountainous areas in southern Vietnam has 
���Œ�}�µ�P�Z�š�� ���� �v���Á�� �]�v�•�]�P�Z�š�� �]�v�š�}�� �‰�o���v�š�� ���]�À���Œ�•�]�š�Ç�� �}�(�� �š�Z�]�•�� ���Œ�����X��
Although botanical exploration has to some extent dated 
back for more than a century, there is still potential for 
new discoveries to be made and six newly described 
�•�‰�����]���•�����Œ�����������o�����Œ���‰�Œ�}�}�(���}�(���š�Z�]�•���•�š���š���u���v�š�X��
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URBAN HABITAT SURVEY IN PORTO BOTANICAL GARDEN

�W���h�>�K���&���Z�/�E�,���s�D���Z�Y�h���^¹²³*�U���&�/�>�/�W�����'�h�/�>�,���Z�D����²�U���:�K���E�����d�/�E�K���K��³

�÷���&�����µ�o�š�Ç���}�(���^���]���v�����•���}�(���š�Z�����h�v�]�À���Œ�•�]�š�Ç���}�(���W�}�Œ�š�}�U���W�}�Œ�š�µ�P���o���~�&���h�W�•�X���Z�µ�������}�������u�‰�}�����o���P�Œ�����•�l�v�U���ð�í�ò�õ�r�ì�ì�ó���W�}�Œ�š�}�U���W�}�Œ�š�µ�P���o
�ø�� �Z���•�����Œ���Z�� �����v�š�Œ���� �(�}�Œ�� ���]�}���]�À���Œ�•�]�š�Ç�� ���v���� �'���v���š�]���� �Z���•�}�µ�Œ�����•�� �t�� �/�v���]�}�� ���•�•�}���]���š���� �>�����}�Œ���š�}�Œ�Ç�� �~���/���/�K�r�/�v���]�}�•�X�� �Z�µ���� �W�����Œ����
���Œ�u���v���}���Y�µ�]�v�š���•���ó�U���ð�ð�ô�ñ�r�ò�ò�í���s���]�Œ���}�U���W�}�Œ�š�µ�P���o
�ù�� �E���š�µ�Œ���o�� �,�]�•�š�}�Œ�Ç�� ���v���� �^���]���v������ �D�µ�•���µ�u�� �}�(�� �š�Z���� �h�v�]�À���Œ�•�]�š�Ç�� �}�(�� �W�}�Œ�š�}�� �~�D�,�E���r�h�W�•�� �t�� ���}�š���v�]�����o�� �'���Œ�����v�X�� �Z�µ���� ���}�� �����u�‰�}��
���o���P�Œ�����í�í�õ�í�U���ð�í�ñ�ì�r�í�ô�í���W�}�Œ�š�}�U���W�}�Œ�š�µ�P���o
�Ž�‰�(�u���Œ�‹�µ���›�(���X�µ�‰�X�‰�š��

ABSTRACT
The Botanical Garden of the University of Porto is a designed outdoor space of ecological, aesthetical and historical 
�]�v�š���Œ���•�š�X���/�š���]�•�������‰�o���������Œ�]���Z���]�v���o���v���•�����‰�����•���š�š�]�v�P�•�U���•�š�}�Œ�]���•�����v�����u���u�}�Œ�]���•�U���Á�Z���Œ�����š�Z���������o�����š�]�����]�v�š���Œ�À���v�š�]�}�v�•���}�(���š�Z�������v�����}�(��
�í�õ�æ�Ú�������v�š�µ�Œ�Ç�����v�����(�]�Œ�•�š���Z���o�(���}�(���š�Z�����î�ì�æ�Ú�������v�š�µ�Œ�Ç���•�š���v�����}�µ�š�X���d�Z�����‰�Œ�}�Æ�]�u�]�š�Ç���}�(���š�Z�������š�o���v�š�]�����K�������v�U���š���u�‰���Œ���������Ç���š�Z�����'�µ�o�(��
�•�š�Œ�����u�����v���������P�Œ���v�]�š�����•�µ���•�š�Œ���š���U�����Œ�����š�����(���À�}�µ�Œ�����o�������}�v���]�š�]�}�v�•���(�}�Œ���š�Z�������µ�o�š�]�À���š�]�}�v���}�(�������À���Œ�]�����U���Œ�}���µ�•�š�����v�����u�µ�o�š�]�r�o���Ç���Œ������
�‰�o���v�š�����}�u�u�µ�v�]�š�Ç�U���]�v�š���P�Œ���š�]�v�P���•�‰�����]���•���(�Œ�}�u���À���Œ�]�}�µ�•�����]�}���o�]�u���š�]�����Œ���P�]�}�v�•�X
It is laid out on three main levels, establishing a mosaic of spaces, habitats and plant groups, full of diversity and 
�•�µ�Œ�‰�Œ�]�•�������(�(�����š�X�����š���š�Z�����Z�]�P�Z���Œ���o���À���o�U�����v�����o�u�}�•�š���(�o���š���š���Œ�Œ�������� �������}�u�u�}�����š���•���š�Z�����u���]�v���Z�}�µ�•���U���š�Z�������v�š�Œ���v������ �Á�}�}���o���v����
gardens and the formal gardens enclosed by high Camellia japonica clipped hedges, mainly of Portuguese cultivars 
���Œ�����š���������Ç���š�Z�������v�����}�(���š�Z�����í�õ�æ�Ú�������v�š�µ�Œ�Ç�V���š�Z�����]�v�š���Œ�u�����]���š�����o���À���o�•�����Œ�����u���]�v�o�Ç���}�����µ�‰�]���������Ç���š�Z�����������š�]�����}�o�o�����š�]�}�v�����v�����š�Z����
�P�Œ�����v�Z�}�µ�•���•�V���š�Z�����o�}�Á���Œ���o���À���o���]�•�����}�u�]�v���š���������Ç�������•�u���o�o�����Œ���}�Œ���š�µ�u�X���/�v���]�š�•���(�}�µ�Œ���Z�����š���Œ���•�U���š�Z�������}�š���v�]�����o���'���Œ�����v���Œ���À�����o�•��
�����Œ���o���š�]�À���o�Ç���Œ�]���Z�����•�•���u���o���P�����}�(�����µ�o�š�]�À���š�������Z�����]�š���š�•�U���Á�]�š�Z�����]�À���Œ�•�����•�‰���š�]���o�����Œ�Œ���v�P���u���v�š�•�����v�����u�µ�o�š�]�‰�o�����À���P���š���š�]�}�v���o���Ç���Œ�•�X
These habitats of human origin have been surveyed in a research project on urban biodiversity undertaken in the 
���]�š�Ç���}�(���W�}�Œ�š�}�������š�Á�����v���î�ì�ì�õ�����v�����î�ì�í�ï�X���d�Z�����Z�����]�š���š���]�����v�š�]�(�]�����š�]�}�v�U�������•���Œ�]�‰�š�]�}�v�����v�����Œ���‰�Œ���•���v�š���š�]�}�v���Á���Œ�������}�v�����š�Z�Œ�}�µ�P�Z��
the adaptation to the urban landscape of an already established method developed by the European Biodiversity 
�K���•���Œ�À���š�]�}�v���E���š�Á�}�Œ�l�X���^�µ���Z���‰�Œ�}�������µ�Œ�������o�o�}�Á�������š�Z���������À���o�}�‰�u���v�š���}�(���v���Á���Z�����]�š���š���•�µ�Œ�À���Ç���u���š�Z�}�����������]�����š�������š�}�����Œ�š�]�(�]���]���o��
�����}�•�Ç�•�š���u�•�U���‰���Œ�š�]���µ�o���Œ�o�Ç���}�����µ�Œ�Œ�]�v�P���]�v���š�Z�����µ�Œ�����v�����}�v�š���Æ�š�U���v���u�������h�Œ�����v���,�����]�š���š�����]�}���]�À���Œ�•�]�š�Ç�����•�•���•�•�u���v�š���~�h�Œ�,�����•�X
UrHBA describes the urban habitats based on Raunkiaer life forms, land cover, dominant species, site descriptors 
���v�����À���P���š���š�]�}�v���o���Ç���Œ�•�X���d�Z�����u���š�Z�}�����]�•���•�š�Œ�}�v�P�o�Ç���P�Œ�}�µ�v���������}�v���•�‰���š�]���o���v���Œ�Œ���š�]�À�������v�����Œ���‰�Œ���•���v�š���š�]�}�v�U�������•�Ç���š�}���µ�v�����Œ�•�š���v����
���Ç�� �v�}�v�r�•�‰�����]���o�]�•�š�•�X�� �d�Z���� �Œ���•�µ�o�š�]�v�P�� �Z�����]�š���š�� �u���‰�•�� ���}�u�u�µ�v�]�����š���� �Á�]�š�Z�� �š�Z���� �P���v���Œ���o�� �‰�µ���o�]���� ���v���� ���Œ���� ���}�u�‰�o���u���v�š������ �Á�]�š�Z��
�����š���]�o�������‰�o���v�š���•�‰�����]���•���]�v�À���v�š�}�Œ�]���•���(�}�Œ���������Z���Z�����]�š���š�X
Like other urban green spaces, the habitat characterization of the Botanical Garden of Porto using this method 
suggested that it can make a relevant contribution for researching and knowing more about urban biodiversity, its 
opportunities and problems, and the importance to conserve, promote or create conditions to improve its quality in 
�����v�•���o�Ç���Z�µ�u���v�]�Ì���������Œ�����•�X

KEYWORDS
Cultivated Biodiversity, Designed Spaces, Habitat Assessment

INTRODUCTION
The Botanical Garden of the University of Porto 
constitutes a special, unique and referential space in the 
���}�v�š���Æ�š���}�(���š�Z�������]�š�Ç�����v���������������u�]���X���/�š���]�•�����������•�]�P�v�������}�µ�š���}�}�Œ��
space with significant landscape quality, with high artistic 
and symbolic relevance, historical interest and rich in 
���]�}���]�À���Œ�•�]�š�Ç�X���/�š�����o�•�}���•�š���v���•���}�µ�š�����µ�����š�}���]�š�•���‰�µ���o�]�������������•�•�����v����
the opportunities it generates in terms of conservation, 
�Œ�����Œ�����š�]�}�v�U�������µ�����š�]�}�v�����v�����Œ���•�����Œ���Z�X��
The garden and its house form a complex with important 

�Z�]�•�š�}�Œ�]�����o�U�� ���µ�o�š�µ�Œ���o�� ���v���� �v���š�µ�Œ���o�� �À���o�µ���X�� �d�Z�]�•�� �À���o�µ���� �•�š���u�•��
�(�Œ�}�u�� �]�š�•�� �}�Œ�]�P�]�v�� ���š�� �š�Z���� ���v���� �}�(�� �š�Z���� �í�õ�æ�Ú�� �����v�š�µ�Œ�Ç�U�� ���•�� ���v��
affluent private eclectic space, and by its evolution into 
���� �‰�µ���o�]���� �•�‰�������U�� �]�v�� �š�Z���� �•�����}�v���� �Z���o�(�� �}�(�� �š�Z���� �î�ì�æ�Ú�� �����v�š�µ�Œ�Ç�U��
for teaching and learning in the fields of Botany and 
�>���v���•�����‰���� ���Œ���Z�]�š�����š�µ�Œ���X�� �d�Z���� �•�‰�������� �]�•�� ���o�•�}�� �‰�Œ�}�(�}�µ�v���o�Ç��
associated with the lives and works of the writers Sophia 
�������D���o�o�}�����Œ���Ç�v���Œ�����v���Œ���•���v�����v�����Z�µ�����v�����v���Œ���•���v���>���]�š���}�X
Porto Botanical Garden is situated on the southern area 
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of the city, on a flat promontory over Douro River (373 
m away), close to the Atlantic Ocean (2,277 m away), 
�����š�Á�����v���ñ�ô�X�ô�ð���u�����v�����ó�î�X�ô�í���u�������}�À�����•�������o���À���o�U�����v�����Á�]�š�Z��
�������}�u�]�v���v�š���•�o�}�‰�����}�(���ì�r�ï�9�U�������Z�]���À�������u���]�v�o�Ç���Á�]�š�Z���š���Œ�Œ���]�v��
�o���À���o�o�]�v�P���~�ð�í�X�í�ñ�ï�í�ï�ô�£���E�U���ô�U�ò�ð�î�ò�ó�ò�£���t�V���&�]�P�µ�Œ�����í�•�X��
The influence of the Atlantic Ocean, tempered by the Gulf 
Stream, and a granite substrate, create very favourable 
conditions for the development of a diverse, robust and 
�u�µ�o�š�]�r�o���Ç���Œ�������‰�o���v�š�����}�u�u�µ�v�]�š�Ç�U���]�v�š���P�Œ���š�]�v�P���•�‰�����]���•���(�Œ�}�u��
�À���Œ�]�}�µ�•�� ���]�}���o�]�u���š�]���� �Œ���P�]�}�v�•�X�� �/�š�� �]�•�� �o���]���� �}�µ�š�� �}�v�� �š�Z�Œ������ �u���]�v��
levels, establishing a mosaic of spaces, habitats and plant 
�P�Œ�}�µ�‰�•�U���(�µ�o�o���}�(�����]�À���Œ�•�]�š�Ç�����v�����•�µ�Œ�‰�Œ�]�•�������(�(�����š���~�&�]�P�µ�Œ�����î�•�X�����š��

the higher level, an almost flat terrace accommodates 
the main house, the entrance woodland gardens and 
the formal gardens enclosed by high Camellia japonica 
clipped hedges, mainly of Portuguese cultivars created 
���Ç�� �š�Z���� ���v���� �}�(�� �š�Z���� �í�õ�æ�Ú�� �����v�š�µ�Œ�Ç�V�� �š�Z���� �]�v�š���Œ�u�����]���š���� �o���À���o�•��
are mainly occupied by the cacti collection and the 
green houses; the lower level is dominated by a small 
���Œ���}�Œ���š�µ�u�X
These habitats of human origin have been surveyed in 
a research project on urban biodiversity, accomplished 
�]�v�� �š�Z���� ���]�š�Ç�� �}�(�� �W�}�Œ�š�}�� �����š�Á�����v�� �î�ì�ì�õ�� ���v���� �î�ì�í�ï�� �~�&���Œ�]�v�Z���r
�D���Œ�‹�µ���•�����š�����o�X�U���î�ì�í�ð�•�X

MATERIAL AND METHOD
The habitat identification, description and representation 
were achieved with a new habitat survey method 
dedicated to artificial ecosystems, particularly occurring 
in the urban context, named Urban Habitat Biodiversity 
���•�•���•�•�u���v�š�� �~�h�Œ�,�����V�� �&���Œ�]�v�Z���r�D���Œ�‹�µ���•�� ���š�� ���o�X�U�� �î�ì�í�ñ�•�X��
This method resulted from the adaptation to the urban 
landscape of an already established method, developed 
by the European Biodiversity Observation Network 
�~���µ�v���������š�����o�X�U���î�ì�í�í�•�X��
With UrHBA, habitats are mapped and described based 
�}�v���•���À���Œ���o�����š�š�Œ�]���µ�š���•���~�&���Œ�]�v�Z���r�D���Œ�‹�µ���•�����š�����o�X�U���î�ì�í�ó�•�W
�í�X	Urban Habitat Categories are determined by the most 

�‰�Œ���À���o���v�š�� �o���v���� ���}�À���Œ�� �]�v�� �š�Z���� ���Œ�����X�� �h�Œ�����v�� �Z�����]�š���š�•��
dominated by vegetation are classified according to 
Raunkiaer plant life forms of the dominant species 
�~�d�����o���� �í�v�>�]�(���� �(�}�Œ�u�� �����š���P�}�Œ�]���•�•�X�� ���Œ�š�]�(�]���]���o�� ���o���u���v�š�•��
���v�����•�‰���Œ�•���o�Ç���À���P���š���š���������Œ�����•�����Œ�����]�v���o�µ�����������•���v�}�v�r�o�]�(����
�(�}�Œ�u�������š���P�}�Œ�]���•���~�d�����o�����î���t���E�>�&�������š���P�}�Œ�]���•�•�X

�î�X	Site Descriptors are intended to provide a common 

name for each type of habitat, linking ecological and 
landscape approaches and aiding the perception 
�}�(�� �š�Z���� �•�‰�������X�� �^�}�u���� ���Æ���u�‰�o���•�� �}�(�� �^�]�š���� �����•���Œ�]�‰�š�}�Œ�•��
���Œ���W�� �^�d�Œ������ ���o�o���Ç�_�U�� �^�K�‰���v�� �Á�}�}���_�U�� �^���o�}�•������ �Á�}�}���� �Á�]�š�Z��
�µ�v�����Œ�•�š�}�Œ�Ç�_�U���^�,�����P���_�U���^�>���Á�v�_�U���^�d���v�l�_�U���^���µ�]�o���]�v�P�_���}�Œ��
�^�W���š�Z�_�X

�ï�X	Vegetation Layers are determined through the 
analysis of the vegetation and visual estimation of 
�‰�o���v�š�� �Z���]�P�Z�š�U�� ���•�� �]�v���]�����š������ �]�v�� �d�����o���� �ï�X�� �d�Z�]�•�� ���š�š�Œ�]���µ�š����
is recorded as a combination of layers, including all 
�‰�o���v�š���o���Ç���Œ�•���Á�]�š�Z���u�}�Œ�����š�Z���v���ï�ì�9�����}�À���Œ�X

The detailed steps of the methodological procedure 
�����v�� ������ ���}�v�(���Œ�Œ������ �]�v�� �&���Œ�]�v�Z���r�D���Œ�‹�µ���•�� ���š�� ���o�X�U�� �î�ì�í�ñ�� ���v����
�&���Œ�]�v�Z���r�D���Œ�‹�µ���•�����š�����o�X�U���î�ì�í�ó�X��
These attributes are good indicators of habitat structure 
and environmental conditions, making this methodology 
�‰���Œ�š�]���µ�o���Œ�o�Ç���µ�•���(�µ�o�� �(�}�Œ�����]�}���]�À���Œ�•�]�š�Ç�� �•�š�µ���]���•�� �~���µ�v������ ���š�� ���o�X�U��
�î�ì�í�í�•�X

RESULTS AND DISCUSSION
�����}�µ�š���ô�ï�9���}�(���š�Z�������Œ�������}�(���š�Z�������}�š���v�]�����o���'���Œ�����v���]�•���}�����µ�‰�]������
by trees and shrubs above 5m (forest phanerophytes), 
�(�}�Œ�u�]�v�P���Z�����]�š���š�•���}�(��� �̂��o�}�•�������Á�}�}���•�_���~�&�]�P�µ�Œ�����ï�����v�����&�]�P�µ�Œ�����ð�•�X��
These occur mainly at the edges of the property, creating a 
�‰�Œ�}�š�����š�]�À�����(�Œ���u�����š�}���š�Z�����(�}�Œ�u���o���P���Œ�����v�•���}�(���š�Z���������v�š�Œ���o���o���À���o�X
In the northern area, near the main entrance and 
around the house, four habitats were identified: 1) 
� �̂��o�}�•������ �Á�}�}���•�_�� �}�(�� �������]���µ�}�µ�•�� ���v���� ���À���Œ�P�Œ�����v�� �(�}�Œ���•�š��
phanerophytes, with American sweetgum (Liquidambar 
styraciflua), Japanese maple (Acer palmatum), European 
oak (Quercus robur), Japanese camellia (Camellia 
japonica) and rhododendrons (Rhododendron�� �•�‰�‰�X�•�V��
�î�•�� � �̂��o�}�•������ �Á�}�}���•�_�� �}�(�� �������]���µ�}�µ�•�� ���v���� ���}�v�]�(���Œ�}�µ�•�� �(�}�Œ���•�š��
phanerophytes, dominated by cedars (Cedrus�� �•�‰�‰�X�•�U��
Araucaria (Araucaria�� �•�‰�‰�X�•�� ���v���� �o�]�v�����v�� �~Tilia �•�‰�‰�X�•�V�� �ï�•��

� �̂��o�}�•������ �Á�}�}���•�_�� �}�(�� ���À���Œ�P�Œ�����v�� �(�}�Œ���•�š�� �‰�Z���v���Œ�}�‰�Z�Ç�š���•�U��
with Canary Island date palm (Phoenix canariensis), 
New Zealand Christmas tree (Metrosideros excelsa) and 
several cultivars of Camellia japonica�V���ð�•��� �̂��o�}�•�������Á�}�}���•�_��
of evergreen and coniferous forest phanerophytes, with 
Southern magnolia (Magnolia grandiflora) and Lebanon 
cedar (Cedrus libani�•�X��
�/�v���]�š�•���•�u���o�o�r�•�����o�������}�u�‰�o���Æ�]�š�Ç�U���š�Z�����^�u�µ�o�š�]�r�o���Ç���Œ���������}�Œ�����Œ�_��
of autochthonous inspiration, constitutes a habitat 
of evergreen low phanerophytes, dominated by 
lavender (Lavandula���•�‰�‰�X�•�U���•���P���r�o�����À�������Œ�}���l���Œ�}�•�����~Cistus 
salviifolius), curry plant (Helichrysum italicum) and 
Halimium umbellatum�X��
���•�� ���}�u�‰�o���Æ�� �P�o�������•�U�� �š�Z���� �^�(�}�Œ�u���o�� �P���Œ�����v�•�_�� ���Œ���� �(�}�Œ�u������
by several habitats whose dominant plant species do 
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�v�}�š�� �P�Œ�}�Á�� �����}�À���� �š�Z���� ���À���Œ���P���� �Z���]�P�Z�š�� �}�(�� �Z�µ�u���v�� �À�]�•�]�}�v�X��
They can be described as: 1) habitat of evergreen low 
phanerophytes, dominated by different species and 
cultivars of boxwood (Buxus���•�‰�‰�X�•�V���î�•���Z�����]�š���š���}�(���������]���µ�}�µ�•��
and evergreen, with several cultivars of hybrid tea roses 
(Rosa���•�‰�‰�X�•�����v�������v�P�o�]�•�Z���o���À���v�����Œ���~Lavandula angustifolia); 
3) habitat of leafy and caespitose hemicryptophytes, 
with Festuca arundinacea and Lotus pedunculatus�X
In the arboretum, there are two dominant habitats: 1) 
� �̂��o�}�•������ �Á�}�}���•�_�� �}�(�� �������]���µ�}�µ�•�� �(�}�Œ���•�š�� �‰�Z���v���Œ�}�‰�Z�Ç�š���•�U��
with London plane (Platanus × acerifolia), silver birch 
(Betula pendula), black gum (Nyssa sylvatica), hornbeam 
(Carpinus betulus) and copper beech (Fagus sylvatica�� �(�X��
purpurea�•�V�� ���v���� �î�•�� � �̂��o�}�•������ �Á�}�}���•�_�� �}�(�� ���}�v�]�(���Œ�}�µ�•�� �(�}�Œ���•�š��
phanerophytes, where several species of fir (Abies���•�‰�‰�X�•�U��
spruce (Picea�� �•�‰�‰�X�•�U�� ���Œ���}�Œ�À�]�š������ �~Thuja�� �•�‰�‰�X�•�� ���v���� �(���o�•����
cypress (Chamaecyparis���•�‰�‰�X�•�X�����o�•�}���Œ���o���À���v�š���]�v���š�Z�]�•�����Œ�����U��
but with a reduced spatial extension, there are patches 
�}�(�� � �̂��o�}�•������ �Á�}�}���•�_�� �}�(�� ���À���Œ�P�Œ�����v�� �(�}�Œ���•�š�� �‰�Z���v���Œ�}�‰�Z�Ç�š���•�U��
with cork oak (Quercus suber�•�U�� ���v���� � �̂��o�}�•������ �Á�}�}���•�_�� �}�(��
evergreen and coniferous forest phanerophytes, with 
blue gum (Eucalyptus globulus) and California redwood 
(Sequoia sempervirens�•�X��
�d�Z���� �������š�]�� ���v���� �•�µ�����µ�o���v�š�� �^���}�š���v�]�����o�� ���}�o�o�����š�]�}�v�_�� �]�v���o�µ�����•��
�š�Á�}�� �š�Ç�‰���•�� �}�(�� �Z�����]�š���š�•�W�� �í�•�� ���À���Œ�P�Œ�����v�� ���v���� �v�}�v�r�o�����(�Ç��
evergreen mid phanerophytes, with Aloe�� �•�‰�‰�X�U��Agave 

�•�‰�‰�X�U��Cereus�� �•�‰�‰�X�� ���v����Opuntia�� �•�‰�‰�X�V�� ���v���� �î�•�� ���À���Œ�P�Œ�����v��
forest phanerophytes, marked by the presence of 
cabbage tree (Cordyline australis�•�X��
�d�Z���� �(���Á�� �^�•�Z�}�Œ�š�� �u�������}�Á�•�_�� ���Œ���� �Z�����]�š���š�•�� �}�(�� �������•�‰�]�š�}�•����
hemicryptophytes dominated by Festuca rubra, Dactylis 
glomerata and Lolium perenne�X
The main habitats dominated by water take the form 
�}�(�� �^�‰�}���•�_�U�� �^�š���v�l�•�_�� ���v���� �^�(�}�µ�v�š���]�v�•�_�X�� �d�Z���•���� ���}�v�•�š�Œ�µ���š������
elements integrate water and vegetation and are 
important for the stimulation of amenity, sensorial 
quality of the place and for biodiversity, as they create 
�(���À�}�µ�Œ�����o���� ���v���� ���š�š�Œ�����š�]�À���� ���}�v���]�š�]�}�v�•�� �(�}�Œ�� �Á�]�o���o�]�(���X�� �d�Z����
larger ones are dominated by species and cultivars of 
water lilies (Nymphaea �•�‰�‰�X�•�U���‰���‰�Ç�Œ�µ�•���~Cyperus papyrus) 
and duckweed (Lemna minor�•�X
The complexity and richness of the vegetation structure 
of the Botanical Garden are strongly evidenced by the 
�‰�Œ���•���v������ �}�(�� �•���À���Œ���o�� �À���P���š���š�]�}�v�� �o���Ç���Œ�•�� �~�&�]�P�µ�Œ���� �ñ�•�X�� �/�v��
���� �•���u�‰�o���� �}�(�� �î�õ�� �‰���Œ�l�•�U�� �P���Œ�����v�•�� ���v���� �P�Œ�����v�� �•�‹�µ���Œ���•�� �}�(��
�W�}�Œ�š�}�U�����v���o�Ç�•�������Á�]�š�Z���š�Z�����•���u�����u���š�Z�}�����~�h�Œ�,�����V���&���Œ�]�v�Z���r
�D���Œ�‹�µ���•�� ���š�� ���o�X�U�� �î�ì�í�ñ�•�U�� �š�Z���� ���}�š���v�]�����o�� �'���Œ�����v�� �Œ���À�����o������
�š�Z���� �Z�]�P�Z���•�š�� ���}�u���]�v���š�]�}�v�� �}�(�� �À���P���š���š�]�}�v�� �o���Ç���Œ�•�� �t�� �í�ò��
���}�u���]�v���š�]�}�v�•�U���}�µ�š���}�(�������š�}�š���o���}�(���ï�í���‰�}�•�•�]���o�������}�u���]�v���š�]�}�v�•�X��
Most of the garden is occupied by two dominant layers, 
generally tall trees over groundcovers, low shrubs or 
�u�����]�µ�u���•�Z�Œ�µ���•�X

CONCLUSION
The characterization of urban habitats constitutes an 
important contribution to the knowledge of the urban 
biodiversity, that is currently fundamental for the 
planning and management of the city, following models 
and strategies that promote higher environmental and 
�o���v���•�����‰�����‹�µ���o�]�š�Ç�X���h�Œ�,�������u���š�Z�}���}�o�}�P�Ç���Z���•�������Z�]�P�Z���•�‰���š�]���o��
expression, allowing an easy graphical representation 
and a strong communicative effect for specialists and the 
�P���v���Œ���o���‰�µ���o�]���X
In its four hectares, the Botanical Garden reveals a relatively 

rich assemblage of cultivated habitats, with diverse spatial 
���Œ�Œ���v�P���u���v�š�•�����v�����u�µ�o�š�]�‰�o�����À���P���š���š�]�}�v���o���Ç���Œ�•�X��
�d�Z���� �W�}�Œ�š�}�� ���}�š���v�]�����o�� �'���Œ�����v�� �]�•�� �v�}�Á�������Ç�•�� ���� �u�����]�µ�u�r
scale green space, that is perceived and experienced as 
���� ���µ�o�š�µ�Œ���o�� �o���v���•�����‰���U�� �]�v�š���v�•���o�Ç�� �����•�]�P�v������ ���v���� �}�Œ�����Œ�����X�� �/�š��
constitutes a multidimensional arrangement, with high 
spatial diversity, rich in cultivated plant biodiversity and 
very relevant in the historical and cultural context of Porto 
���v�����W�}�Œ�š�µ�P���o�X���/�š�•���}�‰���v���Œ���o���š�]�}�v�•�Z�]�‰���Á�]�š�Z���š�Z�����‰�µ���o�]�����u���l���•��
�]�š���}�v�����}�(���š�Z�����u�}�•�š�����������•�•�]���o�������v�����(�Œ�]���v���o�Ç���P���Œ�����v�•���]�v���W�}�Œ�š�}�X
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���}�}�l�r�]�]�r�Z�����]�š���š�r�u���‰�‰�]�v�P�r���v���r���Z���Œ�����š���Œ�]�Ì���š�]�}�v
�&���Œ�]�v�Z���r�D���Œ�‹�µ���•���W�X�U���&���Œ�v���v�����•�����X�U���'�µ�]�o�Z���Œ�u�����&�X�U���>���u���]�Œ���•��
�:�X�D�X�U�� ���o�À���•�� �W�X�U�� ���µ�v������ �Z�X�'�X�,�X�� �~�î�ì�í�ó�•��‘Urban Habitats 
Biodiversity Assessment (UrHBA): a standardized 

procedure for recording biodiversity and its spatial 
distribution in urban environments’. Landscape Ecology 
�ï�î�~�õ�•�W�í�ó�ñ�ï�r�í�ó�ó�ì�X�����}�]�W���í�ì�X�í�ì�ì�ó�l�•�í�ì�õ�ô�ì�r�ì�í�ó�r�ì�ñ�ñ�ð�r�ï

TABLES AND FIGURES

Super-categories Categories Sub-categories

TRS  Trees and shrubs

DCH   Dwarf chamaephytes
SCH   Shrubby chamaephytes
LPH    Low phanerophytes
MPH  Mid phanerophytes
TPH   Tall phanerophytes
FPH    Forest phanerophytes
GPH   Mega forest phanerophytes

DEC   Winter deciduous
EVR   Evergreen
CON  Coniferous
�E�>�����������E�}�v�r�o�����(�Ç�����À���Œ�P�Œ�����v
SUM  Summer deciduous

HER  Wetland herbaceous
SHY    Submerged hydrophytes
EHY    Emergent hydrophytes
HEL    Helophytes

HER  Terrestrial herbaceous

LHE    Leafy hemicryptophytes
CHE    Caespitose hemicryptophytes
THE    Therophytes
GEO   Geophytes
HCH   Herbaceous chamaephytes
CRY    Cryptogams

Table 1:  �>�]�(�����(�}�Œ�u�������š���P�}�Œ�]���•�X���h�Œ�����v���,�����]�š���š�������š���P�}�Œ�]���•�������v�����������o���•�•�]�(�]���������•�������•�]�v�P�o�����o�]�(�����(�}�Œ�u�������š���P�}�Œ�Ç���}�Œ���������}�u���]�v���š�]�}�v��
�}�(���š�Á�}���o�]�(�����(�}�Œ�u�������š���P�}�Œ�]���•���~�(�Œ�}�u���&���Œ�]�v�Z���r�D���Œ�‹�µ���•�����š�����o�X�U���î�ì�í�ñ�•�X

Super-categories Categories Sub-categories

ABE   Artificial built structures

STR   Built structure
���Y���������‹�µ���š�]�������o���u���v�š
PAV   Pavement
RUB  Rubbish
SEA   Sea
���Y�h�����‹�µ���š�]��
ICE    Ice and snow
TER   Terrestrial
LIT    Organic litter

VGT  With vegetation
NVG  Without vegetation

SPV   Sparsely vegetated

ROC  Bare rock
BOU Boulders
STO   Stones
GRV  Gravel
SAN  Sand
EAR   Earth

Table 2: �E�}�v�r�o�]�(�����(�}�Œ�u�������š���P�}�Œ�]���•�X���h�Œ�����v���,�����]�š���š�������š���P�}�Œ�]���•�������v�����������o���•�•�]�(�]���������•�������•�]�v�P�o�����v�}�v�r�o�]�(�����(�}�Œ�u�������š���P�}�Œ�Ç���}�Œ������
���}�u���]�v���š�]�}�v���}�(���š�Á�}���v�}�v�r�o�]�(�����(�}�Œ�u�������š���P�}�Œ�]���•���~�(�Œ�}�u���&���Œ�]�v�Z���r�D���Œ�‹�µ���•�����š�����o�X�U���î�ì�í�ñ�•�X
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Vegetation layers Plant height

Tall trees Over 5 m

Tall shrubs and small trees Between 2 m and 5 m

Medium shrubs and tall herbaceous plants Between 60 cm and 2 m

Small shrubs and medium herbaceous plants Between 30 cm and 60 cm

Groundcovers and aquatic plants Lower than 30 cm

Table 3: �s���P���š���š�]�}�v���>���Ç���Œ�•���~�(�Œ�}�u���&���Œ�]�v�Z���r�D���Œ�‹�µ���•�����š�����o�X�U���î�ì�í�ñ�•�X

Figure 1: Location and context 
�}�(���W�}�Œ�š�}�����}�š���v�]�����o���'���Œ�����v�X

Figure 2: Perspective of Porto 
Botanical Garden (©Google 
Earth) and overall ambience of 
�š�Z�����u���]�v�����Œ�����•�X
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Figure 3: �h�Œ�����v���,�����]�š���š�������š���P�}�Œ�]���•���}�(���W�}�Œ�š�}�����}�š���v�]�����o���'���Œ�����v�X
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Figure 4: �^�]�š���������•���Œ�]�‰�š�]�}�v�•���}�(���W�}�Œ�š�}�����}�š���v�]�����o���'���Œ�����v�X
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Figure 5: �s���P���š���š�]�}�v���>���Ç���Œ�•���}�(���W�}�Œ�š�}�����}�š���v�]�����o���'���Œ�����v�X
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ASEXUAL PROPAGATION OF FOUR THREATENED ENDEMIC PLANTS OF GREECE
MAINTAINED AT THE BALKAN BOTANIC GARDEN OF KROUSSIA

FOR ���y�s�^�/�d�h CONSERVATION AND SUSTAINABLE USE

�s�X���^���Z�Z�K�W�K�h�>�K�h�U���E�X���<�Z�/�'���^�U�����X���D���>�K�h�W���Ž

�,���o�o���v�]�������P�Œ�]���µ�o�š�µ�Œ���o���K�Œ�P���v�]�Ì���š�]�}�v���~�,���K�•�r�����D���d���Z�U���/�v�•�š�]�š�µ�š�����}�(���W�o���v�š�����Œ�������]�v�P�����v�����'���v���š�]�����Z���•�}�µ�Œ�����•�U���>�����}�Œ���š�}�Œ�Ç���}�(��
�W�Œ�}�š�����š�]�}�v�����v�������À���o�µ���š�]�}�v���}�(���E���š�]�À�������v�����&�o�}�Œ�]���µ�o�š�µ�Œ�����^�‰�����]���•�U���W�X���X���ñ�ó�ì���ì�í���d�Z���Œ�u�]�U���d�Z���•�•���o�}�v�]�l�]�U���W�X�K�X�����}�Æ���ò�ì�ð�ñ�ô�U���'�Œ��������
�Ž�u���o�}�µ�‰���›�����P�l�X�P�Œ

ABSTRACT
�d�Z���������o�l���v�����}�š���v�]�����'���Œ�����v���}�(���<�Œ�}�µ�•�•�]�����~�����'�<�•�U���E�X���'�Œ���������� �]�•���������]�����š�������š�}���š�Z����ex situ conservation of native plants 
�}�(���'�Œ�������������v�����š�Z���������o�l���v�•�X���d�Z���������'�<���Z���•���(�}�Œ�u�µ�o���š�������������}�v�•���Œ�À���š�]�}�v���•�š�Œ���š���P�Ç���(�}�Œ���š�Z�������}�o�o�����š�]�}�v�����v�������}���µ�u���v�š���š�]�}�v��
of wild plant material for sustainable utilization, prioritizing firstly the Greek endemic, rare and threatened 
(critically endangered, endangered and vulnerable) plants found in different regions of Greece and secondly other 
�•�}���]�}�r�����}�v�}�u�]���� �À���o�µ�����o���� �‰�o���v�š�•�� �Á�]�š�Z�� ���Œ�}�u���š�]���r�u�����]���]�v���o�� �‰�Œ�}�‰���Œ�š�]���•�� �}�Œ�� �����]���o���� �‰���Œ�š�•�X�� �/�š�•�� ���]�u�� �]�•�� �š�}�� ���}�v�š�Œ�]���µ�š���� �š�}�� �š�Z����
�]�u�‰�o���u���v�š���š�]�}�v���}�(���d���Œ�P���š�•���ô�����v�����õ���}�(���š�Z�����'�o�}�����o�����v�������µ�Œ�}�‰�����v���^�š�Œ���š���P�]���•���(�}�Œ���W�o���v�š�����}�v�•���Œ�À���š�]�}�v�����š���o�}�����o�U���Œ���P�]�}�v���o�����v����
�]�v�š���Œ�v���š�]�}�v���o���•�����o���•�X���/�v���š�Z�]�•���(�Œ���u���Á�}�Œ�l�U���‰�o���v�š���u���š���Œ�]���o���}�Œ�]�P�]�v���š�]�v�P���(�Œ�}�u���Á�]�o�����‰�}�‰�µ�o���š�]�}�v�•���}�(�����]�•�š���v�š�����Œ�����•���}�(���'�Œ����������
and maintained at the Laboratory of Conservation and Evaluation of Native and Floricultural Species was used for 
���•���Æ�µ���o���‰�Œ�}�‰���P���š�]�}�v���Á�]�š�Z���•�}�(�š�Á�}�}�����š�]�‰�����µ�š�š�]�v�P�•�X���d�Z�����•�‰�����]���•���•�š�µ���]���������Œ�����š�Z�������v�����v�P���Œ������Erysimum krendlii Polatschek 
and Thymus plasonii�� �������u�}�À�]���U�� �š�Z���� �À�µ�o�v���Œ�����o����Centaurea paxorum�� �W�Z�]�š�}�•�� �˜�� �'���}�Œ�P�]�����]�•�� ���v���� �š�Z���� �Œ���Œ����Erysimum 
naxense���^�v�}�P���Œ�µ�‰�V�����o�o�����Œ�����Œ���v�P���r�Œ���•�š�Œ�]���š�����U���o�}�����o���'�Œ�����l�����v�����u�]���•���Á�]�š�Z���•�u���o�o���‰�}�‰�µ�o���š�]�}�v�•���]�v���š�Z�����Á�]�o���U���š�Z���Œ���(�}�Œ�����Á�]�š�Z��
���}�v�•���Œ�À���š�]�}�v���‰�Œ�]�}�Œ�]�š�Ç�U���•�Z�}�Á�]�v�P�����o�•�}���‰�}�š���v�š�]���o�����}�u�u���Œ���]���o���]�v�š���Œ���•�š���~���Œ�}�u���š�]���r�u�����]���]�v���o���‰�Œ�}�‰���Œ�š�]���•�U�������]���o�����‰���Œ�š�•���}�Œ�����•��
�‰�}�š���‰�o���v�š�•���(�}�Œ���P���Œ�����v�]�v�P�•�X���d�Z�������(�(�����š���}�(���š�Z�����]�u�u���Œ�•�]�}�v���}�(���š�Z���������•�����}�(���š�Z�������µ�š�š�]�v�P�•���(�}�Œ���í���u�]�v�µ�š���•���]�v���o�]�‹�µ�]�����•�}�o�µ�š�]�}�v�•���}�(��
IBA at different concentrations (0, 2000 and 4000 ppm for E. naxense and E. krendlii; 0, 1000 and 2000 ppm for T. 
plasonii and C. paxorum�•���}�v���Œ�}�}�š���(�}�Œ�u���š�]�}�v���Á���•���š���•�š�������(�}�Œ�����o�o���•�‰�����]���•�X�������‰�����š���u�}�•�•���~�d���Œ�Œ���Z�µ�u�•�W���‰���Œ�o�]�š�����•�}�]�o���•�µ���•�š�Œ���š����
�]�v�������í�W�ï���Œ���š�]�}���Á���•���µ�•�������(�}�Œ���š�Z�������Æ�‰���Œ�]�u���v�š�X���d�Z�����Œ�}�}�š�]�v�P���‰���Œ�����v�š���P���U���š�Z�����v�µ�u�����Œ���}�(���Œ�}�}�š�•�����v�����š�Z�����Œ�}�}�š���o���v�P�š�Z���Á���Œ����
���v���o�Ç�Ì�������]�v���}�Œ�����Œ���š�}�������À���o�}�‰���•�‰�����]���o���‰�Œ�}�‰���P���š�]�}�v���‰�Œ�}�š�}���}�o�•���(�}�Œ���������Z���•�‰�����]���•�X��E. krendlii showed better results with the 
�µ�•�����}�(���ð�ì�ì�ì���‰�‰�u���/�������•�Z�}�Á�]�v�P���í�ì�ì�9���Œ�}�}�š�]�v�P�U���ï�ì�X�ô�ò���Œ�}�}�š�•�l���µ�š�š�]�v�P�����v�����ï�X�ó�í���Œ�}�}�š���o���v�P�š�Z�����(�š���Œ���ñ���Á�����l�•���}�(���u���]�v�š���v���v������
�]�v���š�Z�����u�]�•�š�X���Z���•�‰�����š�]�À���o�Ç�U�����Ç���š�Z�����µ�•�����}�(���î�ì�ì�ì���‰�‰�u���/������T. plasonii�����µ�š�š�]�v�P�•���‰���Œ�(�}�Œ�u�������•�]�u�]�o���Œ���Œ�}�}�š���o���v�P�š�Z�•���~�í�X�ó�ð�r�î�X�í�ñ��
���u�•�U���]�v���Œ�����•�������Œ�}�}�š�]�v�P���‰���Œ�����v�š���P�����µ�‰���š�}�����o�u�}�•�š���ô�ò�9�����v�����v�µ�u�����Œ���}�(�������À���o�}�‰�������Œ�}�}�š�•���µ�‰���š�}���í�î���Œ�}�}�š�•�l���µ�š�š�]�v�P���Á�]�š�Z�]�v��
�����‰���Œ�]�}�����}�(���•���À���v���Á�����l�•�X���Z�}�}�š�]�v�P���}�(����. paxorum cuttings was successfully performed under mist in a period of three 
�Á�����l�•�����Æ�Z�]���]�š�]�v�P���í�ì�ì�9���Œ�}�}�š�]�v�P���‰���Œ�����v�š���P���U���ð�ó�X�ô�ò���Œ�}�}�š�•�l���µ�š�š�]�v�P�����v�����î�X�ò�í�����u���Œ�}�}�š���o���v�P�š�Z���Á�]�š�Z���š�Z�����µ�•�����}�(���í�ì�ì�ì���‰�‰�u��
�/�����X��E. naxense���P���À�����ô�ñ�X�ó�í�9���}�(���Œ�}�}�š�]�v�P�U���í�õ���Œ�}�}�š�•�l���µ�š�š�]�v�P�•�����v�����ï�X�ì�ò�����u���Œ�}�}�š���o���v�P�š�Z���µ�v�����Œ���š�Z�������(�(�����š���}�(���ð�ì�ì�ì���‰�‰�u���/������
�(�}�Œ�����]�P�Z�š���Á�����l�•�X�����o�o���š�Z�����Ç�}�µ�v�P���]�v���]�À�]���µ���o�•���‰�Œ�}���µ���������Á���Œ�����š�Œ���v�•�‰�o���v�š�������]�v���š�Œ���Ç�•�����v�����o���š�š���Œ���]�v�����]�P�P���Œ���‰�}�š�•���~�ì�X�ï�ï�����v�����í�>�š�•��
�µ�v�š�]�o���š�Z���]�Œ���(�]�v���o���š�Œ���v�•�‰�o���v�š�]�v�P���‰�}�š���•�]�Ì�����~�î�X�ñ�>�š�•�U���������Z���š�]�u�����]�v�����v�����v�Œ�]���Z�������‰�����š���u�}�•�•���~�d�^�î�•�W���‰���Œ�o�]�š���W���•�}�]�o���•�µ���•�š�Œ���š�����]�v�������î�W��
�*���W���*���Œ���š�]�}�U���(�}�Œ���š�Z���]�Œ���•�µ���•���‹�µ���v�š���P�Œ�}�Á�š�Z���µ�v�����Œ���µ�v�Z�����š�������P�Œ�����v�Z�}�µ�•�������}�v���]�š�]�}�v�•�X���d�Z�����•�µ�������•�•�(�µ�o�����•���Æ�µ���o���‰�Œ�}�‰���P���š�]�}�v��
of the studied species allowed the creation of mother plants for each of them and facilitated the ex situ conservation 
���v�����š�Z�������}�u���•�š�]�����š�]�}�v���‰�Œ�}�����•�•���}�(���š�Z���•�����Á�]�o�����•�‰�����]���•�X���d�Z�]�•���‰�Œ�}�����•�•���u���Ç�����µ�Œ�Œ���v�š�o�Ç���‰���Œ�u�]�š���š�Z�����u���•�•���‰�Œ�}���µ���š�]�}�v���}�(���‰�o���v�š��
�u���š���Œ�]���o���(�}�Œ���š�Z�����•�µ�•�š���]�v�����o�������Æ�‰�o�}�]�š���š�]�}�v���}�(���š�Z���•�����À���o�µ�����o�������v�����µ�v�]�‹�µ�����P���v���š�]�����Œ���•�}�µ�Œ�����•���}�(���'�Œ���������X��
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INTRODUCTION
Plant diversity in Greece and the Balkans is exceptionally 
rich and unique, presenting a higher degree of endemism 
in relation to surface than any other comparable area 

of Europe or the Mediterranean region (Phitos et 
���o�X�U�� �í�õ�õ�ñ�V�� �^�š�Œ�]���� ���v���� �d���v�U�� �í�õ�õ�ó�•�X�� �î�î�9�� �}�(�� �š�Z���� �‰�o���v�š�� �š���Æ����
(species and subspecies) found in Greece are unique 
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�~���]�u�}�‰�}�µ�o�}�•�� ���š�� ���o�X�� �î�ì�í�ï�U�� �î�ì�í�ò�•�U�� �(�}�µ�v���� �v�}�Á�Z���Œ���� ���o�•���� �]�v��
�š�Z���� �Á�}�Œ�o���� �~�'�Œ�����l�� ���v�����u�]���•�•�X�� �~���l���Œ�}�Ç���� ���v���� �,���Ç�Á�}�}���U��
�í�õ�õ�ð�•�X�� �d�Z���� �µ�v�]�‹�µ���v���•�•�� ���v���� �Œ���Œ�]�š�Ç�� �}�(�� �š�Z���� �'�Œ�����l�� ���v���� �š�Z����
Balkan flora demands effective conservation efforts as 
it is under increasing threat from climatic change, fires, 
land reclamation, overgrazing and urban and tourist 
�����À���o�}�‰�u���v�š�� �~�<�Œ�]�P���•�� ���š�� ���o�X�� �î�ì�í�ð�•�X�� ���}�š���v�]���� �P���Œ�����v�•�� �‰�o���Ç��
a key role in ensuring that plant resources are not only 
conserved ex-situ but are also used sustainably for the 
�����v���(�]�š�� �}�(�� ���o�o�� �‰���}�‰�o���U�� �]�v�� �}�Œ�����Œ�� �š�}�� �]�u�‰�Œ�}�À���� �Z�µ�u���v�� �Á���o�o�r
�����]�v�P���~�t�Ç�•�����:�����l�•�}�v�����v�����^�µ�š�Z���Œ�o���v���U���î�ì�ì�ì�V���'�^�W���U���î�ì�ì�î�•�X��
The Balkan Botanic Garden of Kroussia (BBGK) has 
�(�}�Œ�u�µ�o���š�������������}�v�•���Œ�À���š�]�}�v���•�š�Œ���š���P�Ç���~�D���o�}�µ�‰�������š�����o�X�U���î�ì�ì�ô�•��
���v���� �Z���•�� �����}�‰�š������ �š�Z���� �D�]�•�•�]�}�v�� �^�š���š���u���v�š�� �š�}�� �^�•�µ�‰�‰�}�Œ�š��
research, maintenance, propagation, evaluation, 
conservation and sustainable use of the native plants 
of Greece and the Balkans, combined with raising the 
���v�À�]�Œ�}�v�u���v�š���o�����Á���Œ���v���•�•���}�(���š�Z�����‰�µ���o�]���_�X��
In the context of the global efforts to halt biodiversity 
loss by 2010 and beyond, emphasis is also given to 
the creation of a link between the ex situ and the in 
situ conservation actions regarding the IPS of Greece 
���v���� �š�Z���� �����o�l���v�•�X�� ���}�v�•�]�����Œ���š�]�}�v�� �Z���•�� ���o�•�}�� �������v�� �P�]�À���v��
by adjusting BBGK’s individual conservation actions 
in light of the targets of the Global Strategy for Plant 
Conservation (GSPC, 2002) and the European Plant 
���}�v�•���Œ�À���š�]�}�v�� �^�š�Œ���š���P�Ç�� �~���W���^�U�� �î�ì�ì�î�•�X�� �t�]�š�Z�� �š�Z�]�•�� �]�v�� �u�]�v���U��
the BBGK has undertaken initiatives and has developed 
a strategy for the maintenance of extensive mother 
�‰�o���v�š���š�]�}�v�•�U�� �����À���o�}�‰�u���v�š�� �}�(�� �‰�Œ�}�š�}���}�o�•�� �(�}�Œ�� �o���Œ�P���r�•�����o����
propagation and cultivation, estimation of the market 
potential for possible introduction of new products in 
ornamental floriculture and horticulture, cosmetology, 
pharmaceuticals, food flavourings, and landscaping 
�~�D���o�}�µ�‰�������š�����o�X�U���î�ì�ì�ô���•�X
Current scientific literature regarding the biology of 
�u���v�Ç�����µ�Œ�}�‰�����v���š�Z�Œ�����š���v�������‰�o���v�š���•�‰�����]���•���]�•���‹�µ�]�š�����o�]�u�]�š�����X��
The same applies for the rare and threatened Greek 

���v�����u�]�����•�‰�����]���•���]�v�À���•�š�]�P���š�������]�v���š�Z�]�•���•�š�µ���Ç�U���À�]�Ì�X��Erysimum 
naxense Snogerup and Erysimum krendlii Polatschek 
(Brassicaceae), two species of section Cheiranthus�� �~�>�X�•��
�t���š�š�•�š�X�����v����Erysimum���>�X�U���Œ���•�‰�����š�]�À���o�Ç���~�'�l�]�l�������š�����o�X���î�ì�í�ï�•�X��
Both of the studied Erysimum species (E. naxense, E. 
krendlii) are local endemics of Greece that are restricted 
to a single island of the Aegean Archipelago (Naxos 
���v���� �^���u�}�š�Z�Œ���l�]�U�� �Œ���•�‰�����š�]�À���o�Ç�•�X��E. naxense is nationally 
�~�^�v�}�P���Œ�µ�‰�U�� �í�õ�õ�ñ�•�� ���v���� �P�o�}�����o�o�Ç�� �~�t���o�š���Œ�� ���v���� �'�]�o�o���š�š�U��
�í�õ�õ�ô�•�����}�v�•�]�����Œ�������^�Z���Œ���_�����v�����]�•���‰�Œ�}�š�����š������ ���Ç���š�Z�����'�Œ�����l��
�W�Œ���•�]�����v�š�]���o���������Œ�������ò�ó�l�í�õ�ô�í�U���Á�Z�]�o����E. krendlii is nationally 
���•�•���•�•���������•���^�s�µ�o�v���Œ�����o���_���~�<�Œ�]�P���•�U���î�ì�ì�õ���•�X��E. naxense is a 
�‰���Œ���v�v�]���o���‰�o���v�š���~�Œ���Œ���o�Ç�����]���v�v�]���o�•���P�Œ�}�Á�]�v�P���u���]�v�o�Ç�����•�������Œ�}���l�r
���Á���o�o���Œ�����š�� �í�ì�ì�r�ñ�ì�ì�~�r�ô�ì�ì�•�� �u�� �����}�À���� �•������ �o���À���o�� �~�^�v�}�P���Œ�µ�‰�U��
�í�õ�õ�ñ�•�V��E. krendlii���]�•���������]���v�v�]���o���~�}�Œ���•�Z�}�Œ�š�r�o�]�À�]�v�P���‰���Œ���v�v�]���o�•��
plant growing in phrygana, roadsides, and rocky areas 
�(�Œ�}�u���î�ñ�ì�r�í�U�ì�ì�ì�~�r�í�U�ñ�ì�ì�•���u���~�<�Œ�]�P���•�U���î�ì�ì�õ���•�X����
Thymus plasonii is assessed as Endangered due to 
small area of occupancy, small population size (<8000 
individuals) and high probability of habitat alteration / 
destruction imposed by human activities and many alien 
�‰�o���v�š�•���~�<�Œ�]�P���•�U���î�ì�ì�õ���•�X
Centaurea paxorum is assessed as Vulnerable due 
�š�}�� �Œ���•�š�Œ�]���š������ �Œ���v�P���� �~�•�]�v�P�o���r�]�•�o���v���� ���v�����u�]���� �š�}�� �W���Æ�}�]�r
Antipaxoi), small population size (<5000 individuals), 
chasmophytic, high probability of habitat alteration /
destruction imposed by natural phenomena and human 
�����š�]�À�]�š�]���•���~�<�Œ�]�P���•�U���î�ì�ì�õ���•�X��
Cuttings are still one of the most important means of 
�‰�o���v�š���‰�Œ�}�‰���P���š�]�}�v�X���D���v�Ç���v���Á���‰�o���v�š�•�������v�����������Œ�����š�������]�v������
�o�]�u�]�š�������•�‰���������(�Œ�}�u�������(���Á���•�š�}���l���‰�o���v�š�•�X���'�Œ�����š���Œ���µ�v�]�(�}�Œ�u�]�š�Ç��
is obtained and plants are usually reproduced with 
�À�]�Œ�š�µ���o�o�Ç���v�}���P���v���š�]�������Z���v�P�����~�,���Œ�š�u���v�v�����š�����o�X�U���í�õ�õ�ó�•�X���d�Z����
���]�u���}�(���š�Z�����‰�Œ���•���v�š���•�š�µ���Ç���Á���•���š�}���‰�Œ�}���µ�������•�‰�����]���•�r�•�‰�����]�(�]����
asexual propagation protocols by cuttings for the four 
rare and threatened Greek endemic plants as a means to 
contribute to their ex-situ conservation and sustainable 
�µ�š�]�o�]�Ì���š�]�}�v�X

MATERIALS AND METHODS
	 Plant Material
Plant material was collected from the natural habitats of 
the selected species as a result of botanic expeditions 
���}�v���µ���š���������š���(�o�}�Œ�]�•�š�]�����o�o�Ç���]�u�‰�}�Œ�š���v�š�����Œ�����•���~���X�P�X�U���E���š�]�}�v���o��
�W���Œ�l�•�U�� �E���d�h�Z���� �î�ì�ì�ì�� �•�]�š���•�� ���v���� �}�š�Z���Œ�� �‰�Œ�}�š�����š������ ���Œ�����•�•�X��
For each species collected, site specific information was 
kept (location, region, altitude, longitude and latitude) as 
�Á���o�o�����•�����������š���]�o�������Z�����]�š���š�������•���Œ�]�‰�š�]�}�v�X�����o�o���‰�o���v�š�•�����}�o�o�����š�����U��
received immediate care in the nursery since they 
�Œ�����}�À���Œ���(�Œ�}�u���š�Œ���v�•�‰�o���v�š���š�]�}�v���•�Z�}���l���~�&�]�P�X���í�•�X

	 Asexual Propagation
Research on the asexual propagation of the four species 
�Á���•�����}�v���µ���š�����X���^�}�(�š�Á�}�}�����š�]�‰�����µ�š�š�]�v�P�•���}�(���í�X�ñ�r�ò�����u���Á���Œ����
�š���l���v�� ���µ�Œ�]�v�P�� �����Œ�o�Ç�r�u�]���� ���µ�š�µ�u�v�� �(�Œ�}�u�� �u�}�š�Z���Œ�� �‰�o���v�š�•��
�����À���o�}�‰������ �]�v�•�]������ �š�Z���� �P�Œ�����v�Z�}�µ�•���� �~�í�X�ñ�r�î�X�ñ�� ���u�� �(�}�Œ��E. 
naxense�U���î�r�ð�����u���(�}�Œ E. krendlii�U���ï�r�ñ�����u���(�}�Œ��T. plasonii and 
�ñ�r�ò�� ���u�� �(�}�Œ��C. paxorum�•�X�� �d�Z���� ���(�(�����š�� �}�(�� �š�Z���� ���µ�Æ�]�v�� �]�v���}�o���r
�ï�r���µ�š�Ç�Œ�]���� �����]���� �~�/�����•�� ���š�� �š�Z�Œ������ ���]�(�(���Œ���v�š�� ���}�v�����v�š�Œ���š�]�}�v�•��
(0, 1000 and 2000 ppm for E. naxense and E. krendlii; 
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0, 1000 and 2000 ppm for T. plasonii and C. paxorum) 
�}�v���Œ�}�}�š���(�}�Œ�u���š�]�}�v���Á���•���š���•�š�����X�����(�š���Œ���]�u�u���Œ�•�]�}�v���(�}�Œ���í���u�]�v��
in solutions of different IBA concentrations, the cuttings 
were placed in propagation trays in a substrate of peat 
(Terrahum) and perlite (Geoflor) (1:3 v/v) and maintained 
���š�� ���}�š�š�}�u�� �Z�����š�� �����v���Z���•�� �]�v�� ���� �‰�o���•�š�]���� �P�Œ�����v�Z�}�µ�•���X�� �^�}�]�o��
�š���u�‰���Œ���š�µ�Œ�����Á���•���l���‰�š�����š���í�ô�r�î�í�£���U���Á�Z�]�o�������]�Œ���š���u�‰���Œ���š�µ�Œ����
�Á���•���í�ñ�r�î�ñ�£���������‰���v���]�v�P���}�v���Á�����š�Z���Œ�����}�v���]�š�]�}�v�•�X���Z���o���š�]�À����
�Z�µ�u�]���]�š�Ç���Á���•�����‰�‰�Œ�}�Æ�]�u���š���o�Ç���ó�ì�r�ô�ñ�9���~�u�]�•�š�•�X�����Æ�‰���Œ�]�u���v�š�•��
lasted for 8 weeks for E. naxense, 5 weeks for E. krendlii, 
7 weeks for T. plasonii and 3 weeks for C. paxorum, 
followed a randomized design with 7 replications per 
treatment for the 3 following species (E. naxense, E. 
krendlii and T. plasonii) and 8 replications per treatment 
�(�}�Œ�� ���X�� �‰���Æ�}�Œ�µ�u�X�� ���š�� �š�Z���� ���v���� �}�(�� �š�Z���� ���Æ�‰���Œ�]�u���v�š���o�� �‰���Œ�]�}����

per species, the number of roots per rooted cutting and 
�Œ�}�}�š�� �o���v�P�š�Z�� �Á���Œ���� �u�����•�µ�Œ�����X�� �Z�}�}�š�]�v�P�� �Á���•�� ���Æ�‰�Œ���•�•������ ���•��
�‰���Œ�����v�š���P���� �~�9�•�X�� �W�Œ�}���µ�������� �Œ�}�}�š������ �‰�o���v�š�•�� �(�Œ�}�u�� ���o�o�� �(�}�µ�Œ��
�•�‰�����]���•���Á���Œ�����š�Z���v���š�Œ���v�•�‰�o���v�š�������]�v���‰�}�š�•���}�(���ì�X�ï�ï���>���~�ô�Æ�ô�Æ�ó��
���u�•�� ���v���� �•�µ���•���‹�µ���v�š�o�Ç�� �]�v�� �î�X�ñ�� �>�� ���}�v�š���]�v�]�v�P�� ���� �u�]�Æ�š�µ�Œ���� �}�(��
�‰�����š���~�<�o���•�u���v�v�U���d�^�î�•�U���‰���Œ�o�]�š�������v�����•�}�]�o���~�î�W�í�W�í���À�l�À�•�X���W�o���v�š�•��
were maintained at the nursery with the aim of creating 
adequate initiation material for future experiments on 
�•���Æ�µ���o���}�Œ�����•���Æ�µ���o���‰�Œ�}�‰���P���š�]�}�v�X

Statistical analysis 
���v���o�Ç�•�]�•�� �}�(�� �À���Œ�]���v������ �Á���•�� �‰���Œ�(�}�Œ�u������ �Á�]�š�Z�� �š�Z���� �^�W�^�^�� �í�ó�X�ì��
statistical package and mean separation with Duncan’s 
�D�µ�o�š�]�‰�o�����Z���v�P�����d���•�š�X���^�]�P�v�]�(�]�����v�������Á���•���Œ�����}�Œ�����������š���W�G�ì�X�ì�ñ�X

RESULTS
Vegetative propagation of E. naxense by cuttings was 
�•�µ�������•�•�(�µ�o�o�Ç�� �����Z�]���À������ �Á�]�š�Z�]�v�� �ô�� �Á�����l�•�X�� �/������ �~�î�ì�ì�ì�� ���v����
�ð�ì�ì�ì���‰�‰�u�•���]�v���Œ�����•�������š�Z�����v�µ�u�����Œ���~�í�õ�r�î�ò�X�ó�ñ�•�����v�����o���v�P�š�Z��
�}�(�� �Œ�}�}�š�•�l�Œ�}�}�š������ ���µ�š�š�]�v�P�� �~�î�X�í�ñ�r�ï�X�î�í�� ���u�•�� ���}�u�‰���Œ������ �š�}��
�š�Z�������}�v�š�Œ�}�o���~�î���Œ�}�}�š�•���ì�X�ï�õ�����u���o�}�v�P�•�X���Z�}�}�š�]�v�P���Á���•���Z�]�P�Z���•�š��
�~�ô�ñ�X�ó�í�9�•�����v�������o�u�}�•�š�����}�µ���o�������Á�Z���v�����µ�š�š�]�v�P�•���Á���Œ�����š�Œ�����š������
�Á�]�š�Z�� �ð�ì�ì�ì�� �‰�‰�u�� �/������ �Á�]�š�Z�� �Œ���•�‰�����š�� �š�}�� �š�Z���� �/�����r�µ�v�š�Œ�����š������
���µ�š�š�]�v�P�•���~�ð�î�X�ô�ò�9�•�X���~�&�]�P�X���î�U���ï�•�X
In E. krendlii cuttings, rooting was optimum with 2000 
���v���� �ð�ì�ì�ì�� �‰�‰�u�� �/�����X�� �Z�}�}�š�� �o���v�P�š�Z�� �~�ð�X�î�ô�� ���u�•�� �Á���•�� �Z�]�P�Z���Œ��
�Á�]�š�Z���î�ì�ì�ì���‰�‰�u���/���������v�����Œ�}�}�š���v�µ�u�����Œ���Á�]�š�Z���ð�ì�ì�ì���‰�‰�u���/�����X��
�Z�}�}�š�]�v�P���Á���•���í�ì�ì�9���]�v�����o�o���/�������š�Œ�����š�u���v�š�•�U�����}�u�‰���Œ�������š�}���š�Z����
���}�v�š�Œ�}�o���~�ô�ñ�X�ó�í�9�•���~�&�]�P�X���ð�U���ñ�•�X��

Regarding T. plasonii, the best rooting treatment of 
���µ�š�š�]�v�P�•�� �Á�]�š�Z�]�v�� �ó�� �Á�����l�•�� �Á���•�� �î�ì�ì�ì�� �‰�‰�u�� �/������ �~�ô�X�ò�ó�� �Œ�}�}�š�•��
�í�X�ó�ô�� ���u�� �o�}�v�P�U�� �ô�ñ�X�ó�í�9�� �Œ�}�}�š�]�v�P�� �‰���Œ�����v�š���P���•�X�� �Z�}�}�š�� �o���v�P�š�Z��
was not affected due to increasing IBA concentrations 
�~�í�X�ó�ô�r�î�X�ì�í�� ���u�•�� �]�v�� ���}�u�‰���Œ�]�•�}�v�� �š�}�� �š�Z���� ���}�v�š�Œ�}�o�� �~�í�X�ó�ð�� ���u�•��
�~�&�]�P�X���ò�U���ó�•�X
Asexual propagation of C. paxorum cuttings was 
�•�µ�������•�•�(�µ�o�o�Ç�� �‰���Œ�(�}�Œ�u������ �Á�]�š�Z�]�v�� �ï�� �Á�����l�•�X�� �/������ �~�í�ì�ì�ì�� ���v����
�î�ì�ì�ì�� �‰�‰�u�•�� �‰�}�•�]�š�]�À���o�Ç�� ���(�(�����š������ �Œ�}�}�š�]�v�P�� �~�í�ì�ì�9�•�� �P�]�À�]�v�P��
�ð�ñ�X�ó�ñ�r�ð�ó�X�ô�ò�� �Œ�}�}�š�� �v�µ�u�����Œ�U�� �Á�Z�]�o���� �š�Z���� ���}�v�š�Œ�}�o�� ���Æ�Z�]���]�š������
�ó�í�X�ð�ï�9�� �Œ�}�}�š�]�v�P�� �Á�]�š�Z�� �í�ó�X�ð�� �Œ�}�}�š�•�X�� ���µ�š�š�]�v�P�•�� �š�Œ�����š������ �Á�]�š�Z��
�í�ì�ì�ì�����v�����î�ì�ì�ì���‰�‰�u���/�������P���À�����•�]�u�]�o���Œ���Œ�}�}�š���o���v�P�š�Z�•���~�î�X�ò�í�r
�î�X�ò�ó�����u�•���š�}���š�Z�������}�v�š�Œ�}�o���~�î�X�ð�ð�����u�•���~�&�]�P�X���ô�U���õ�•�X

DISCUSSION
Considering the recent challenges in regional 
conservation planning, it becomes apparent that there is 
an urgent need for increased applied research in order to 
develop propagation and cultivation protocols for target 
plants threatened with extinction, towards species 
recovery and populations’ reinforcements (Maunder et 
���o�X�U���î�ì�ì�í�V���^���Œ���•���v�����š�����o�X�U���î�ì�ì�ò�V�����µ�v�v�����š�����o�X�U���î�ì�í�í�•�X
In the present study with E. naxense, best rooting results 
were obtained when cuttings treated with 4000 ppm 
�/�����X���/�š���Z���•���Á�]�����o�Ç���������v�����}���µ�u���v�š�������š�Z���š�����µ�Æ�]�v�•���‰�Œ�}�u�}�š����
adventitious root development of stem cuttings through 
their ability to promote the initiation of lateral root 
�‰�Œ�]�u�}�Œ���]�����~�>�����l���Ç�����š�����o�X�U���í�õ�ô�î�•�X��
In the other studied Erysimum species (E. krendlii), the auxin 
hormone IBA had a significant effect on rooting performance 
of cuttings with 2000 and 4000 ppm concentrations to be 
�š�Z���� �u�}�•�š�� ���(�(�����š�]�À���X�� ���v�Z���v���]�v�P�� �Œ���š���� �}�(�� �����À���v�š�]�š�]�}�µ�•�� �Œ�}�}�š�•��
development with auxin application has been found to 

increase the number of roots initiated per rooted cutting in 
�����v�µ�u�����Œ���}�(���•�‰�����]���•���~���u�]�v���Z�����š�����o�X�U���í�õ�õ�ñ�•�X����
The exogenous application of IBA generally improves 
rooting in Thymus���•�‰�����]���•���~�/���‰�]���Z�]�v�}�����š�����o�X�U���î�ì�ì�ñ�•�X���/�v���š�Z����
current study with T. plasonii, IBA (1000 and 2000 ppm) 
�Œ���•�µ�o�š������ �]�v�� �]�v���Œ�����•������ �Œ�}�}�š�]�v�P�� �‰���Œ�����v�š���P���X�� �������}�Œ���]�v�P��
to a previous research study conducted by Krigas et 
���o�X�� �~�î�ì�í�ì�•�U�� ���•���Æ�µ���o�� �‰�Œ�}�‰���P���š�]�}�v�� �}�(�� �•�}�(�š�Á�}�}���� ���µ�š�š�]�v�P�•��
of Thymus holosericeus was successfully performed in 
�í�ñ�� �����Ç�•�� �Á�Z���Œ���� �ì�X�î�9�� �/������ �P���À���� �ô�ì�9�� �Œ�}�}�š�]�v�P�� �‰���Œ�����v�š���P����
�Á�]�š�Z�� �í�ï�X�í�� �Œ�}�}�š�•�l���µ�š�š�]�v�P�� ���v���� �í�X�ñ�� ���u�� �Œ�}�}�š�� �o���v�P�š�Z�X�� �/�v�� �š�Z����
present experiment regarding T. plasonii ���µ�š�š�]�v�P�•�U�� �ô�ì�� �t��
�ô�ñ�X�ó�í�9�� �Á���Œ���� �š�Z���� �Z�]�P�Z���Œ�� �Œ�}�}�š�]�v�P�� �‰���Œ�����v�š���P���•�� �}���š���]�v������
���(�š���Œ�� ���� �ó�r�Á�����l�� �‰���Œ�]�}���� �]�v�� �����Œ�o�Ç�r�u�]���� ���µ�š�µ�u�v�X�� �,�}�Á���À���Œ�U��
the combination of GIS data with previous experience 
on rooting of other species of the same genus raised 
propagation success of T. holosericeus�� �v�����Œ�o�Ç�� ���Ç�� �õ�ì�9��
�~�(�Œ�}�u�� �ð�ñ�� �š�}�� �ô�ì�9�� �Œ�}�}�š�]�v�P�•�� �Œ���À�����o�]�v�P�� �š�Z���š�� �����Œ�o�Ç�� �•�‰�Œ�]�v�P��
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was the appropriate season for the rooting trials since 
greenhouse temperatures emulate those in its natural 
���v�À�]�Œ�}�v�u���v�š���~�<�Œ�]�P���•�����š�����o�X���î�ì�í�ì�•�X��
With respect to studying C. paxorum, the application of 
�í�ì�ì�ì�����v�����î�ì�ì�ì���‰�‰�u���/�����������µ�•�����������ï�r�(�}�o�����]�v���Œ�����•�����]�v���Œ�}�}�š��
number whereas IBA, irrespective of concentration led 
�š�}���í�ì�ì�9���Œ�}�}�š�]�v�P�X���/�v���Œ�����•�������v�µ�u�����Œ���}�(���Œ�}�}�š�•���]�•���]�u�‰�}�Œ�š���v�š��
for the plants to increase their ability to exploit soil 
water and nutrients, which in turn increases their overall 
�P�Œ�}�Á�š�Z�� �~�K�Ì���o�� ���š�� ���o�X�U�� �î�ì�ì�ò�•�X�� �d�Z���� �•���u���� ���µ�š�Z�}�Œ�•�� �Œ���‰�}�Œ�š������

that juvenile Centaurea tchihatcheffii cuttings treated 
with 500 ppm IBA for 10 min gave the highest frequency 
of rooting, root number and root length along with 
�v�}�Œ�u���o���(�o�}�Á���Œ�]�v�P���~�K�Ì���o�����š�����o�X�U���î�ì�ì�ò�•�X��
Additional research is needed on the rooting mechanism 
and to know the functions of adventitious roots in 
�š�Z���� �(�µ�v���š�]�}�v���o�� ���]�}�o�}�P�Ç�� �}�(�� �š�Z���� �‰�o���v�š�X�� �<�v�}�Á�o�����P���� �}�(�� �š�Z����
behavior and relative contribution of these to the total 
�‰���Œ�(�}�Œ�u���v�������}�(���š�Z�����‰�o���v�š���Á�}�µ�o���������������v���(�]���]���o�X

CONCLUSION
All four Greek endemic species (E. naxense, E. krendlii, T. 
plasonii and C. paxorum) were successfully propagated 
���v���� ���(�(�����š�]�À���� �•�‰�����]���•�r�•�‰�����]�(�]���� �‰�Œ�}�š�}���}�o�•�� �Z���À���� �������v��
�‰�Œ�}���µ�������� �(�}�Œ�� �š�Z���]�Œ�� ���•���Æ�µ���o�� �‰�Œ�}�‰���P���š�]�}�v�� �~�Œ�}�}�š�]�v�P�W�� �ô�ñ�r
�í�ì�ì�9�•�� �š�}�� �������l�� �µ�‰�� �š�Z���]�Œ��ex situ conservation at the 
Balkan Botanic Garden of Kroussia and to facilitate their 
�•�µ�•�š���]�v�����o�������Æ�‰�o�}�]�š���š�]�}�v�X���d�Z�]�•���•�š�µ���Ç���‰�Œ���•���v�š�•�������(�����]�o�]�š���š������
asexual propagation by cuttings protocol for the ex-
situ conservation of the four rare and threatened local 
endemic plant species of Greece contributing to the 

implementation of Target 8 of the Global Strategy for 
�W�o���v�š�����}�v�•���Œ�À���š�]�}�v���~�Z�š�š�‰�W�l�l�Á�Á�Á�X�������X�]�v�š�l�P�•�‰���l�•�X��
�/�š���Á���•���•�Z�}�Á�v���š�Z���š���š�Z���Œ�����]�•�������•�‰�����]���•�r�����‰���v�����������}�Œ�Œ���o���š�]�}�v��
between optimum rooting performance and IBA 
���}�v�����v�š�Œ���š�]�}�v�X���d�Z�������}�v�����v�š�Œ���š�]�}�v���}�(���/�������u�µ�•�š�������������Œ���(�µ�o�o�Ç��
chosen in order to avoid induced after effects, depended 
�}�v���‰�o���v�š���•�‰�����]���•�X���d�Z�]�•���•�š�µ���Ç���]�•�������•�š���‰���(�}�Œ�Á���Œ�����š�}�Á���Œ���•���š�Z����
regeneration, sustainable utilization and conservation of 
�š�Z���•�����Œ���Œ�������v�����š�Z�Œ�����š���v�������'�Œ�����l�����v�����u�]�����‰�o���v�š�•�X
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endangered endemic plants of Greece for conservation 
and sustainable exploitation) was carried out within 
�š�Z���� �(�Œ���u���Á�}�Œ�l�� �^�^�d�Z���E�'�d�,���E�/�E�'�� �K�&�� �W�K�^�d���K���d�K�Z���>��
�Z���^�����Z���,���Z�^�_�� �}�(�� �š�Z���� �K�W�� �^�����À���o�}�‰�u���v�š�� �}�(�� �,�µ�u���v��

�Z���•�}�µ�Œ�����•�U�� �����µ�����š�]�}�v�� ���v���� �>�]�(���o�}�v�P�� �>�����Œ�v�]�v�P�_�U�� �î�ì�í�ð�r
2020, which is being implemented from the National 
�^���Z�}�o���Œ�•�Z�]�‰�•�� �&�}�µ�v�����š�]�}�v�� �~�E�^�&�•�� �]�v�� �'�Œ���������U�� ���v���� �]�•�� ���}�r
funded by the European Social Fund and the Hellenic 
�Z���‰�µ���o�]���X��
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�����o�����•���µ�[�U�����µ���µ�Œ���•�š�]�U���^���Œ�]�������U���,�}�Œ�š�]���µ�o�š�µ�Œ�����ï�î�~�í�•�W�õ�ï�r�í�ì�ï
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(R)’. �/�v�W���W�Z�]�š�}�•�����X�U���^�š�Œ�]�������X�U���^�v�}�P���Œ�µ�‰���^�X�U���'�Œ���µ�š���Œ���t�X���~�����•�X�•�U��
The Red Data Book of Rare and Threatened Plants of 
�'�Œ���������X���t�t�&�U�����š�Z���v�•
�^�š�Œ�]���� ���X�U�� �d���v�� �<�X�� �~�í�õ�õ�ó�•��‘Flora Hellenica.’�� �s�}�o�X�� �í�X�� �<�}���o�š�Ì��
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�t���o�š���Œ�� �<�X�^�X�U�� �'�]�o�o���š�š�� �,�X�:�X�� �~�í�õ�õ�ô�•�� �Z�d�Z���� �í�õ�õ�ó�� �/�h���E�� �Z������ �>�]�•�š��
�}�(���š�Z�Œ�����š���v�������‰�o���v�š�•�[�X���'�o���v���U���^�Á�]�š�Ì���Œ�o���v�������v���������u���Œ�]���P���U��
The World Conservation Union
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Figure 1: Adult plants of 
four studied species in their 
natural habitats in Greece: 
(A) Erysimum naxense 
(Naxos Island), (B) Erysmum 
krendlii (Samothraki Island), 
(C) Thymus plasonii (Mt 
Chortiatis) and (D) Centaurea 
paxorum (Paxi Island)
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Figure 2: Effect of IBA 
concentration (0, 2000, 
4000 ppm) on root number/
rooted cutting, root length 
and rooting percentage in E. 
naxense cuttings after 8 weeks

Figure 3: Asexual propagation 
of E. naxense cuttings: 
(A) Control, (B) 2000 ppm 
IBA, (C) 4000 ppm IBA, (D) 
Transplantation and vegetative 
growth of rooted cuttings into 
�ì�X�ï�ï�� ���v���� �î�X�ñ�� �>�� �‰�}�š�•�� ���(�š���Œ�� �í�ì��
weeks, (E) 16 weeks, and (F) 5 
months 
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Figure 5: Asexual propagation 
of E. krendlii cuttings: (A) 
Control, (B) 2000 ppm 
IBA, (C) 4000 ppm IBA, (D) 
Transplantation and vegetative 
growth of rooted cuttings into 
�ì�X�ï�ï�� �>���‰�}�š�•�� ���(�š���Œ���ð���Á�����l�•�� ���v����
�~���•�� �î�X�ñ�� �>�� �‰�}�š�•�� ���(�š���Œ�� ���v�}�š�Z���Œ�� �ð��
�Á�����l�•�X

Figure 4: Effect of IBA 
concentration (0, 2000, 
4000 ppm) on root number/
rooted cutting, root length 
and rooting percentage in E. 
krendlii cuttings after 5 weeks
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Figure 7: Asexual propagation 
of T. plasonii cuttings: (A) 
Control, (B) 1000 ppm 
IBA, (C) 2000 ppm IBA, (D) 
Transplantation and vegetative 
growth of rooted cuttings into 
�ì�X�ï�ï���>���‰�}�š�•�����(�š���Œ���ï�������Ç�•���]�v���š�Z����
greenhouse bench and (E) 
�î�X�ñ�� �>�� �‰�}�š�•�� ���(�š���Œ�� �ñ�� �u�}�v�š�Z�•�� �]�v��
natural conditions, outside 
greenhouse

Figure 6: Effect of IBA 
concentrations (0, 1000, 
2000 ppm) on root number/
rooted cutting, root length 
and rooting percentage in T. 
plasonii cuttings after 7 weeks
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Figure 9: Asexual propagation 
of C. paxorum cuttings: 
(A) Control, (B) 1000 ppm 
IBA, (C) 2000 ppm IBA, (D) 
Transplantation and vegetative 
growth of rooted cuttings into 
�ì�X�ï�ï�� �>�� �‰�}�š�•�� ���(�š���Œ�� �ð�� �Á�����l�•�U��
�~���•�� �î�X�ñ�� �>�� �‰�}�š�•�� ���(�š���Œ�� ���v�}�š�Z���Œ�� �ô��
weeks

Figure 8: Effect of IBA 
concentrations (0, 1000, 
2000 ppm) on root number/
rooted cutting, root length 
and rooting percentage in 
C. paxorum cuttings after 3 
weeks
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THE BOTANICUM: NEW OPTIONS FOR SCIENCE EDUCATION AND PUBLIC OUTREACH
AT THE BOTANICAL GARDEN OF THE UNIVERSITY OF VIENNA

�D�/���,�����>���<�/���,�E¹*�U�������s�/�������Z�P�����Z�����h���Z¹�U���D���Z�d�/�E���Z�K�^����¹�U���&�Z���E�<���^���,�h�D�����,���Z¹,
�E�����:�����Z���h���,�����Z�'���Z¹²�U�����/�Z�'�/�d���^���,�>���'�s�����>���Z¹³

¹Core Facility Botanical Garden, University of Vienna, Rennweg 14, 1030 Vienna
²Event Management, University of Vienna, Universitätsring 1, 1010 Vienna
�ù�����‰���Œ�š�u���v�š���}�(���•�µ���i�����š�r�•�‰�����]�(�]���������µ�����š�]�}�v�U���h�v�]�À���Œ�•�]�š�Ç���}�(���/�v�v�•���Œ�µ���l�U�����d�����Z�v�]�l���Œ�•�š�Œ���˜�����î�ñ�U���ò�ì�î�ì���/�v�v�•���Œ�µ���l
�Ž�u�]���Z�����o�X�l�]���Z�v�›�µ�v�]�À�]���X�����X���š��

ABSTRACT
The Green School Program at the Botanical Garden of the University of Vienna has been established more than 25 
�Ç�����Œ�•�����P�}�X���&�Œ�}�u���š�Z���������P�]�v�v�]�v�P���}�v�Á���Œ���•���š�Z�����‰�Œ�}�P�Œ���u���Á���•�������À���o�}�‰�������Á�]�š�Z���š�Z�����]�v�š���v�š�]�}�v���š�}�����}�u���]�v�����š�Z�����‰�}�š���v�š�]���o�•�U��
options and needs of university education for biologists and future biology teachers with the demands for educative 
�����š�]�À�]�š�]���•�����š���š�Z�����P���Œ�����v�X��
The present paper describes the history, the rationales and the ideas behind the development of different kinds of 
�����š�]�À�]�š�]���•���}�(���š�Z�]�•���‰�Œ�}�P�Œ���u�����v�����]�š�•���]�v�š���Œ�����š�]�}�v�•���Á�]�š�Z���������]�À���Œ�•�]�š�Ç���}�(���š���Œ�P���š�����µ���]���v�����•���]�v�����v�������������u�]�������v�����v�}�v�r�����������u�]����
���}�v�š���Æ�š�X���/�š�����o�•�}���Œ���(���Œ�•���š�}���•���]���v�š�]�(�]�����Œ���•�����Œ���Z���‰�Œ�}�i�����š�•���]�v���o�X���������Z���o�}�Œ�r�U���u���•�š���Œ�r�U�����]�‰�o�}�u���r�����v�����W�Z���r�š�Z���•���•�����}�v�v�����š�������Á�]�š�Z��
�š�Z���u�X���/�v���������]�š�]�}�v�U���}�‰�š�]�}�v�•���(�}�Œ���(�µ�š�µ�Œ���������À���o�}�‰�u���v�š�•���}�‰���v�]�v�P���µ�‰���v�}�Á�����������µ�•�����}�(���š�Z�������}�v�•�š�Œ�µ���š�]�}�v���}�(���š�Z�������}�š���v�]���µ�u�U��
�������µ�]�o���]�v�P�����•�‰�����]���o�o�Ç�������À�}�š�������š�}���š�Z�����‰�Œ�}�P�Œ���u�U�����Œ�����‰�Œ���•���v�š�����X���d�Z�]�•�����µ�]�o���]�v�P���Á�]�o�o�U���(�}�Œ���š�Z�����(�]�Œ�•�š���š�]�u���U�����o�o�}�Á���š�}���}�(�(���Œ���‰�µ���o�]����
�}�µ�š�Œ�������Z�����v���������µ�����š�]�}�v�������š�]�À�]�š�]���•���š�Z�����Á�Z�}�o�����Ç�����Œ�����Œ�}�µ�v���X��
�d�Z�����‰�Œ�}�����•�•���•���}�(�����v�����š�Z�����]�������•�������Z�]�v�����š�Z���������À���o�}�‰�u���v�š���}�(���š�Z�����‰�Œ�}�P�Œ���u���š�}���������Œ���o���µ�v���Z�������v�}�Á�����Œ�������o�•�}���o���]�����}�µ�š�X���d�Z�]�•��
program will focus on three target groups: (1) children and school classes, (2) (future) teachers and educators, and (3) 
�š�Z�����P���v���Œ���o���‰�µ���o�]���X���/�š�����o�•�}���Á�]�o�o�����}�v�š�]�v�µ�����š�}�����Æ�‰�o�}�Œ�����•�Ç�v���Œ�P�]���•���Á�]�š�Z���š�������Z���Œ�•�ò�����v�����•���]���v�š�]�•�š�•�ò�������µ�����š�]�}�v�����š���š�Z�����µ�v�]�À���Œ�•�]�š�Ç��
�]�v���������}�Œ�����Á�]�š�Z���š�Z�����Œ���o���À���v�š�����µ�Œ�Œ�]���µ�o���X���d�Z�����v���Á���‰�Œ�}�P�Œ���u���Á�]�o�o�U���]�v���‰���Œ�š�U�������������À���o�}�‰�������]�v�����}�v�•�µ�o�š���š�]�}�v�����v�������}�o�o�����}�Œ���š�]�}�v��
�Á�]�š�Z���}�š�Z���Œ���•�š���l���Z�}�o�����Œ�•�X��
Scientific evaluation of the program will continue, aiming at getting better insights into backgrounds, demands, needs 
���v�����]�v�š���Œ���•�š�•���}�(�����]�(�(���Œ���v�š���š�Ç�‰���•���}�(���À�]�•�]�š�}�Œ���P�Œ�}�µ�‰�•���}�(���š�Z�����P���Œ�����v�X���d�Z���•�����•�š�µ���]���•���•�Z���o�o���]�v���Œ�����•�����š�Z�����P���v���Œ���o���l�v�}�Á�o�����P����
�����}�µ�š�� �•�µ�������•�•�(�µ�o�� �]�v�����v�š�]�À���•�� �(�}�Œ�� ���]�(�(���Œ���v�š�� �š���Œ�P���š�� �P�Œ�}�µ�‰�•�� �]�v�� ���Œ�����š�]�v�P�� ���v�� � �̂��v�À�]�Œ�}�v�u���v�š�� �}�(�� ���µ�Œ�]�}�•�]�š�Ç�� ���v���� �]�v�š���Œ���•�š�_�� �]�v�� ����
�^�v���š�µ�Œ���o���o�����}�Œ���š�}�Œ�Ç�_�U�����v�����•�Z���o�o���Z���o�‰���š�}���(�µ�Œ�š�Z���Œ���}�‰�š�]�u�]�Ì�����š�Z���������µ�����š�]�}�v�����v�����}�µ�š�Œ�������Z���‰�Œ�}�P�Œ���u�•�U�����‰�‰�Œ�}�����Z���•�����v�����š�}�}�o�•�X��
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INTRODUCTION
Since its establishment more than 25 years ago the 
�c�'�Œ�����v���^���Z�}�}�o���W�Œ�}�P�Œ���u�^�����š���š�Z�������}�š���v�]�����o���'���Œ�����v���}�(���š�Z����
University of Vienna (Hortus Botanicus Vindobonensis, 
HBV) has been aiming to trigger curiosity and excitement 
about natural sciences, addressing target audiences of 
���o�o�����P���•�����v�����•�}���]���o���������l�P�Œ�}�µ�v���•�X���d�Z���������š�]�À�]�š�]���•���}�Œ�P���v�]�Ì������
by the HBV have been designed to get insights into the 
world of plants, and to gain first hand experiences about 
�š�Z���� �������µ�š�Ç�� ���v���� �š�Z���� �]�u�‰�}�Œ�š���v������ �}�(�� ���]�}�o�}�P�]�����o�� ���]�À���Œ�•�]�š�Ç�X��
As a green oasis in the city centre the Botanical Garden 
provides options for expeditions into the world of 
plants and for scientifically based studies on all kinds of 
���]�}�o�}�P�]�����o���‹�µ���•�š�]�}�v�•�X��

���•�� �‰���Œ�š�� �}�(�� �š�Z���� �����o�����Œ���š�]�}�v�•�� �}�(�� �]�š�•�� �ò�ñ�ì�æ�Ú�� ���v�v�]�À���Œ�•���Œ�Ç�� �]�v��
2015 the University of Vienna decided, with support of 
a sponsor, to build a special facility for the Green School 
���š���š�Z�����P���Œ�����v�W���š�Z�������}�š���v�]���µ�u�X���d�Z�]�•�����µ�]�o���]�v�P���Á�]�o�o�����o�o�}�Á���š�}��
widen the scope of topics offered to different potential 
users and provides new options for education and public 
�}�µ�š�Œ�������Z�����š���š�Z�����,���s���š�Z�����Á�Z�}�o�����Ç�����Œ�����Œ�}�µ�v���X��
�d�Z���� �^�'�Œ�����v�� �^���Z�}�}�o�_�� �‰�Œ�}�P�Œ���u�� �Z���•�� �������v�� �����À���o�}�‰������
in parallel to the needs of a university education for 
���]�}�o�}�P�]�•�š�•�����v�����(�µ�š�µ�Œ�������]�}�o�}�P�Ç���š�������Z���Œ�•���~�W���•�•���˜�����o�X���î�ì�ì�ñ�•�X��
These synergies are currently further explored, and will, 
if possible, be expanded in accord with the relevant 
���µ�Œ�Œ�]���µ�o�����~�<�]���Z�v���î�ì�í�ò���•�X
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Courses and programs and the interactions with the 
target groups have already been subject of evaluation 
���v���� �Œ���•�����Œ���Z�X�� �d�Z�]�•�� �Á���Ç�U�� �]�v�š���Œ���•�š�•�� �}�(�� ���]�(�(���Œ���v�š�� ���µ���]���v�����•��
and the effectiveness of the offered programs can be 

���•�•���•�•�����X�� �^�µ���Z�� �•�š�µ���]���•�� �•�Z���o�o�� ������ ���}�v�š�]�v�µ������ ���v���� �•�Z���o�o��
further support a permanent optimization of programs, 
���‰�‰�Œ�}�����Z���•�����v�����š�}�}�o�•���}�(���š�Z�����'�Œ�����v���^���Z�}�}�o�X��

MATERIAL AND METHODS
Based on the personal experience of the first author, internal 
documents and reports of the Green School Program 
and the Botanical Garden over the last 25 years, and by 
evaluating relevant publications, conference presentations 
���v�����•�š�µ�����v�š�•�ò���š�Z���•���•�U���š�Z�����‰���‰���Œ���‰�Œ�}�À�]�����•���]�v�•�]�P�Z�š�•���]�v�š�}���š�Z����
developmental processes of the different Green School 
�����š�]�À�]�š�]���•�����š���š�Z�����,���s���(�}�Œ���š�Z�����o���•�š���î�ñ���Ç�����Œ�•�X���/�š�������•���Œ�]�����•���š�Z����
interactions between the creation of curricula for biology 
���v�����š�������Z���Œ�•�ò�������µ�����š�]�}�v�����š���š�Z�����h�v�]�À���Œ�•�]�š�Ç���}�(���s�]���v�v�������v�����š�Z����

Green School programs developed for the public outreach 
�š�}�����]�(�(���Œ���v�š���P�Œ�}�µ�‰�•���}�(���P���Œ�����v���À�]�•�]�š�}�Œ�•�X���������}�u�‰���v�Ç�]�v�P���•���]���v������
education research projects are exemplified and put into a 
���Œ�}�������Œ�� �š�Z���}�Œ���š�]�����o�� �(�Œ���u���X�� �����•������ �}�v�� �š�Z���•���� �u�µ�o�š�]�r�(�������š�š������
experiences of more than 25 years, the paper presents 
strategies for a future oriented development of the public 
outreach and education activities incorporating the options 
now provided by a Green School building allowing activities 
�š�Z�����Á�Z�}�o�����Ç�����Œ�����Œ�}�µ�v���X

RESULTS AND DISCUSSION
�t�]�š�Z�� �u�}�Œ���� �š�Z���v�� �í�í�X�ñ�ì�ì�� �•�‰�����]���•�� �]�v�� �]�š�•�� ���}�o�o�����š�]�}�v�•�� �~�<�]���Z�v��
�î�ì�í�ò���•�� �š�Z���� �,���s�� �Z���Œ���}�µ�Œ�•������ �•�‰�����]���•�r�Œ�]���Z�����}�o�o�����š�]�}�v���}�(�� �š���Æ����
�(�Œ�}�u�� �š���u�‰���Œ���š���� �š�}�� �š�Œ�}�‰�]�����o�� �Œ���P�]�}�v�•�X�� �D���v�Ç�� �}�(�� �š�Z���•���� �‰�o���v�š�•��
are on view to the circa 150,000 visitors annually coming to 
�š�Z�����P���Œ�����v���~�<�v�]���l�u���v�v���˜���<�]���Z�v���î�ì�í�ñ�•�U�����v�����u���v�Ç�����Œ�����µ�•�������]�v��
the teaching of university courses in biology and pharmacy 
���v���� �]�v�� �Œ���•�����Œ���Z�� �‰�Œ�}�i�����š�•�X�� �d�Z�µ�•�� �š�Z���� ���}�š���v�]�����o�� �'���Œ�����v�� �]�•�� ����
�À���o�µ�����o�����•�}�µ�Œ�������}�(���u���š���Œ�]���o���(�}�Œ���•�š�µ���]���•�����š���š�Z�����µ�v�]�À���Œ�•�]�š�Ç�X
However, there were no university courses directly 
connected with the collections of the HBV when the first 
���µ�š�Z�}�Œ���}�(�� �š�Z�]�•�� �‰���‰���Œ���Á���•�� ���‰�‰�}�]�v�š������ ���•�� ���µ�Œ���š�}�Œ���]�v�� �í�õ�õ�í�X��
Also, there was no program to cover the demand for 
�P�µ�]���������š�}�µ�Œ�•���(�}�Œ���•���Z�}�}�o�����o���•�•���•���]�v���š�Z�����P���Œ�����v�X���t�]�š�Z�]�v���š�Z����
following years, an integrated approach was applied to 
change this situation in a synergetic way:

	 a) Development of new university courses especially 
�����•�]�P�v������ �š�}�� �]�u�‰�Œ�}�À���� �•�š�µ�����v�š�•�ò�� �]�v�À�}�o�À���u���v�š�� �Á�]�š�Z�� ���v����
knowledge of the Botanical Garden and its collections: 
�����š�Á�����v���í�õ�õ�í�� ���v���� �í�õ�õ�ñ�U���š�Á�}���v���Á���š�Ç�‰���•�� �}�(�� ���}�µ�Œ�•���•�� �Á���Œ����
�����•�]�P�v�������š�}���(�]�š���š�}���š�Z�������µ�Œ�Œ�]���µ�o�����}�(���š�Z�����h�v�]�À���Œ�•�]�š�Ç���}�(���s�]���v�v���X��
One course especially addresses future teachers and 
�•�š�µ�����v�š�•�� �]�v�š���Œ���•�š������ �]�v�� �•���]���v������ ���}�u�u�µ�v�]�����š�]�}�v�X�� �/�š�� �µ�•���•��
�š�Z���� �P���Œ�����v�� ���v���� �]�š�•�� �‰�o���v�š�•�� �š�}�� �]�u�‰�Œ�}�À���� �•�š�µ�����v�š�•�ò�� �•�l�]�o�o�•�� �]�v��
developing appealing and short program units on plants 
���v���l�}�Œ�� ���v�À�]�Œ�}�v�u���v�š���o�� �•���]���v�����•�� �(�}�Œ�� �����(�]�v������ �š���Œ�P���š�� �P�Œ�}�µ�‰�•�X��
�d�Z�]�•�� �š�Ç�‰���� �}�(�� � �̂•���]���v������ �����µ�����š�]�}�v�_�� ���}�µ�Œ�•���� �]�•�� ���v�� �}�‰�‰�}�Œ�š�µ�v�]�š�Ç��
for practical training and has therefore become very popular 
�Á�]�š�Z�� �š�Z���� �•�š�µ�����v�š�•�X�� �t�]�š�Z�� �•�}�u���� �u�}���]�(�]�����š�]�}�v�•�U�� �]�š�� �v�}�Á�� �]�•�� ���v��
�}���o�]�P���š�}�Œ�Ç���‰���Œ�š���}�(���š�Z�������µ�Œ�Œ�]���µ�o�µ�u���(�}�Œ���(�µ�š�µ�Œ�����š�������Z���Œ�•�X��
�d�Z���� �•�����}�v���� �š�Ç�‰���� �}�(�� ���}�µ�Œ�•���•�� �]�•�� �‰�o���������� �]�v�� �š�Z���� �������Z���o�}�Œ�r��
���v���� �D���•�š���Œ�r���µ�Œ�Œ�]���µ�o���� ���v���� �]�•�� ���]�Œ�����š������ �š�}�Á���Œ���•�� �•�š�µ�����v�š�•��
�]�v�š���Œ���•�š�������]�v�����}�š���v�Ç�����v�������}�v�•���Œ�À���š�]�}�v�X���,���Œ���U���š�Z�����•�š�µ�����v�š�•��

get insights into the collections and are encouraged to 
develop short information leaflets or presentations on 
topics specifically relevant for the Botanical Garden, mainly 
�(�}�Œ���š�Z���� �P���v���Œ���o�� �‰�µ���o�]���X�� �/�������o�o�Ç���š�Z���•���� �o�����(�o���š�•�� ���Œ���� �•�µ�]�š������ �(�}�Œ��
�����]�v�P�� ���]�•�‰�o���Ç������ �]�v�� �š�Z���� �P���Œ�����v�X�� �^�}�u���š�]�u���•�U�� �•�µ���Z�� ���}�µ�Œ�•���•��
���o�•�}���Œ���•�µ�o�š�������]�v���•���]���v�š�]�(�]�����‰�µ���o�]�����š�]�}�v�•���~���X�P�X�U���<�]���Z�v���˜���Z���Ç�v���Œ��
�î�ì�ì�í�•�U�����Æ�Z�]���]�š�]�}�v�•���~���X�P�X�U���<�]���Z�v���˜�����o�X���í�õ�õ�ò�U���<�]���Z�v���í�õ�õ�ó�U���<�����Œ��
�î�ì�ì�í�U�� ���}�•�š���o�� �˜�� ���o�X�� �î�ì�ì�ò�•�U�� �}�Œ�� �]�v�� �D���•�š���Œ�� �}�Œ�� ���]�‰�o�}�u���� �š�Z���•���•��
�~���X�P�X�U���t�]�v���]�v�P���î�ì�ì�í�U���<�}�P�o���Œ���î�ì�í�î�•�X���^�š�µ�����v�š�•���Z���À�]�v�P���‰���•�•������
these types of courses successfully are invited to actively 
�‰���Œ�š�]���]�‰���š�����]�v���š�Z�����'�Œ�����v���^���Z�}�}�o�X��

	 b) Creation of an organisational structure to handle 
the requests for guided tours: Initially, the first author 
of this paper handled the whole organisation of the 
�P�µ�]���������š�}�µ�Œ�•���Z�]�u�•���o�(�����v�������o�•�}���P�µ�]���������u�}�•�š���}�(���š�Z�����š�}�µ�Œ�•�X��
�d�Z�]�•�� �o�]�u�]�š������ �š�Z���� �v�µ�u�����Œ���}�(�� �‰�}�•�•�]���o���� �����š�]�À�]�š�]���•�X���t�]�š�Z���š�Z����
availability of dedicated students this situation changed, 
and the need for an organisational structure became 
���À�]�����v�š�X�� �t�]�š�Z�� �•�µ�‰�‰�}�Œ�š�� �}�(�� �š�Z���� �s�]�����r�Z�����š�}�Œ���š���� �}�(�� �š�Z����
University of Vienna responsible for teaching, a part time 
�‰�}�•�]�š�]�}�v�� �(�}�Œ�� ���� ���}�}�Œ���]�v���š�}�Œ�� �}�(�� �š�Z���� �‰�Œ�}�P�Œ���u�� �Á���•�� ���Œ�����š�����X��
The Association of the Friends of the Botanical Garden 
�•�����µ�Œ������ �•�}�u���� �(�µ�v���]�v�P�� �(�}�Œ�� �•�š�µ�����v�š�•�� �Á�}�Œ�l�]�v�P�� ���•�� �P�µ�]�����•�X��
This way, the annual number of guided tours for school 
classes in the context of the Green School Program 
�]�v���Œ�����•�������(�Œ�}�u���ò�ì���~�]�v���š�Z�����í�õ�õ�ì�•�•���š�}���î�ð�ì���~�]�v���î�ì�ì�ò�U�����}�•�š���o��
�˜�� ���o�X�� �î�ì�ì�ò���•�X�� �����š�µ���o�o�Ç�U�� �u�}�Œ���� �š�Z���v�� �ò�U�ì�ì�ì�� �‰���}�‰�o���� ���Œ����
�‰���Œ�š�]���]�‰���š�]�v�P�� ���À���Œ�Ç�� �Ç�����Œ�� �]�v�� ���X�� �ï�ì�ì�� ���]�(�(���Œ���v�š�� �}�µ�š�Œ�������Z��
�����š�]�À�]�š�]���•���}�(���š�Z�����P���Œ�����v�X���^�]�v�������î�ì�í�ò�U���š�Z�������}�}�Œ���]�v���š�]�}�v���}�(��
the Green School is placed at the Event Management of 
the University of Vienna, and the whole program is official 
�‰���Œ�š���}�(���š�Z�����‰�µ���o�]�����}�µ�š�Œ�������Z�������š�]�À�]�š�]���•���}�(���š�Z�����h�v�]�À���Œ�•�]�š�Ç�X
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	 ���•���K�‰�š�]�}�v�•���(�}�Œ���•�š�µ�����v�š�•�ò���š�Z���•���•���}�v���š�}�‰�]���•���}�(���Œ���o���À���v������
�(�}�Œ�� �š�Z���� �}�µ�š�Œ�������Z�� �‰�Œ�}�P�Œ���u�•�W�� ���•�� ���� �(�}�o�o�}�Á�r�µ�‰�� �}�(�� �š�Z����
participation in the above mentioned courses students 
were encouraged to prepare diploma theses directly 
���}�v�v�����š������ �Á�]�š�Z�� �š�Z���� �P���Œ�����v�� ���v���� �]�š�•�� �}�µ�š�Œ�������Z�� �‰�Œ�}�P�Œ���u�•�X��
More than 30 theses have been successfully finished so 
�(���Œ�X�� �^�µ���i�����š�•�� ���}�À���Œ������ ���Ç�� �•�µ���Z�� �š�Z���•���•�� �Œ���v�P���� �(�Œ�}�u�� �š�}�‰�]���•��
related to plant systematics, morphology or functional 
�š�Œ���]�š�•�� �~���X�P�X�U�� �'�Œ���(�� �î�ì�ì�ô�U�� �,�‚�o���o�]�v�P�� �î�ì�ì�õ�U�� �,�‚�o�Ì�o�� �î�ì�í�ï�U�� �D���Ç�Œ��
2016, Mutlular 2016, Teubert 2013), geographical ranges, 
�•�}�]�o�����}�v���]�š�]�}�v�•���}�Œ���µ�•���•���~���X�P�X�U���W�(���v�v�Z���µ�•���Œ���î�ì�í�ì�U���W�µ�u�‰�o���Œ��
�î�ì�í�ò�U�� �^���o���•�r�Z���]���Z���Œ�š�Ì�������Œ�� �î�ì�ì�ô�U�� �^���š�Ì�]�v�P���Œ�� �î�ì�í�ñ�•�U�� �š�}��
characterization or revitalization of certain areas in the 
�P���Œ�����v�� �~���X�P�X�U�� �����Œ�v���Œ�� �î�ì�í�ï�U�� �>���u�u���Œ�Z�]�Œ�š�� �î�ì�ì�í�U�� ���u���o�]�v��
�î�ì�í�ï�•�X���^�}�u�����š�Z���•���•�����À���v��� �̂P�}�������Ç�}�v�����š�Z�����P���Œ�����v���Á���o�o�•�_�U��
as restoration plans for a school garden (Müllern 2008), 
of a monastery garden with touristic potential (Weis 
2016) or with practical ideas for green school programs 
���š���}�š�Z���Œ���P���Œ�����v�•���~���]���Z�]�v�P���Œ�����î�ì�í�ó�•�X�������•���������������À���o�µ���U�����o�o��
these theses provide new materials and tools to be used 
�]�v���š�Z�����}�µ�š�Œ�������Z���‰�Œ�}�P�Œ���u�•���}�(���š�Z�����,���s�X

	 d) Development of materials and templates for 
�P�µ�]���������š�}�µ�Œ�•�����v�����‰�Œ�}�P�Œ���u�•���]�v���o�X���š�Œ���]�v�]�v�P���•���•�•�]�}�v�•�W�������������d�Z����
materials and programs developed in the context of 
the university courses and theses provide a wealth of 
�‰�Œ�����š�]�����o�� �š�}�}�o�•�� �µ�•���(�µ�o�� �(�}�Œ�� �P�µ�]�������� �š�}�µ�Œ�•�� ���v���� �‰�Œ�}�P�Œ���u�•�X��
�Y�µ�]�š�����}�(�š���v�U���•�µ���Z���u���š���Œ�]���o�•���Á���Œ�����‰�Œ�����š�]�����o�o�Ç���š���•�š���������Ç���š�Z����
���µ�š�Z�}�Œ�•���]�v���š�Z�����P���Œ�����v�X���/�v���������]�š�]�}�v�U���]�v�(�}�Œ�u���š�]�}�v���‰�����l���P���•��
were developed especially designed for certain types 
�}�(�� �‰�Œ�}�P�Œ���u�•�� �~���X�P�X�U�� �}�v�� �µ�•���(�µ�o�� �‰�o���v�š�•�U�� �š�Œ�����•�U�� �‰�o���v�š�� ���v�]�u���o��
�]�v�š���Œ�����š�]�}�v�•�•�X���Z���o���À���v�š���u���š���Œ�]���o�•���Z���À�����������v���‰�Œ���‰���Œ�������(�}�Œ��
���]�(�(���Œ���v�š���š�}�‰�]���•���~���X�P�X�U���(�o�}�Á���Œ���u�}�����o�•�U�����Z���u�]�����o�•�U���}�Œ���o���v�•���•�•��
���v���� ���Œ���� �•�š�}�Œ������ �š�}�� ������ �µ�•������ ���Ç�� �š�Z���� �P�µ�]�����•�� �]�(�� �v�����������X�� ���o�o��
the accompanying texts, explanations and background 
information are digitally available at a computer 
���������•�•�]���o���� �(�}�Œ�� ���o�o�� �P�µ�]�����•�X�� �'�µ�]�����•�� �Z���À���� �š�Z���� �‰�}�•�•�]���]�o�]�š�Ç�� �š�}��
gain experiences by joining other more experienced 
guides and by attending training courses offered on 
���� �Œ���P�µ�o���Œ�� �����•�]�•�� �(�}�Œ�� �•���o�����š������ �š�}�‰�]���•�X�� �^�}�u���� �}�(�� �š�Z���� �š�}�}�o�•��
and the rationales behind them have meanwhile also 
been published in international journals or conference 
�‰�Œ�}���������]�v�P�•���~�>���u�‰���Œ�š���˜�����o�X���î�ì�í�î�U���î�ì�í�ñ�•�X

	 e) Establishment of evaluation tools:
���•�� �š�Z���� �Á�Z�}�o���� �‰�Œ�}�P�Œ���u�� �]�•�� ���u�������������� �]�v�� �š�Z���� �š�������Z���Œ�•�ò��
education activities at the University of Vienna, this 
offered a possibility to develop research and evaluation 
tools to accompany the development and to test 
�š�Z���� ���(�(�����š�]�À���v���•�•�� �}�(�� �����Œ�š���]�v�� �‰�Œ�}�P�Œ���u�•�X�� �D���i�}�Œ�� �(�]���o���•��

�}�(�� �����š�]�À�]�š�]���•�� �Œ���o���š���� �š�}�� ���}�µ�v�š���Œ�����š�� �Z�‰�o���v�š�r���o�]�v���v���•�•�[�� �~����
common perception that plants are uninteresting or 
boring, and they are often overlooked in everyday life; 
�t���v�����Œ�•������ �˜�� �^���Z�µ�•�•�o���Œ�� �î�ì�ì�í�U�� �,���Œ�•�Z���Ç�� �î�ì�ì�î�•�U�� �š�}�� �š�Z����
question which plants are interesting for certain target 
audiences and to the creation of scientifically correct 
perceptions about pollination and dispersal of plant 
���]���•�‰�}�Œ���•�� �~�>���u�‰���Œ�š�� �î�ì�í�î�U�� �D���Ç�Œ�� �î�ì�í�ò�•�X�� ���� �v�µ�u�����Œ�� �}�(��
courses were developed for groups of all ages but mostly 
for school pupils between 6 and 18 years old, as their 
visit to the Botanical Garden is often their first conscious 
���}�v�š�����š���Á�]�š�Z���v���š�µ�Œ�������v�������•�‰�����]���o�o�Ç���Á�]�š�Z���o�]�À�]�v�P���‰�o���v�š�•�X��
Some of the studies were based on the observation 
that the usefulness of plants seems to be an important 
criterion for children for arranging plants in groups 
�~�<�Œ�º�P���Œ���˜�����µ�Œ�u���•�š���Œ���î�ì�ì�ñ�•�X���d�Z���Œ���(�}�Œ�����}�v�������‰�‰�Œ�}�����Z���Á���•��
�š�}�� �]�����v�š�]�(�Ç�� �Z�(�o���P�•�Z�]�‰�r�•�‰�����]���•�[�� ���u�}�v�P�•�š�� �µ�•���(�µ�o�� �‰�o���v�š�•�� �(�}�Œ��
�����‰�š�µ�Œ�]�v�P�����Z�]�o���Œ���v�•�ò�����š�š���v�š�]�}�v�U�����•���]�v�š���Œ���•�š���Z���•���•�]�P�v�]�(�]�����v�š��
influence on the motivation to gather new knowledge 
�~�,�]���]���˜�������]�Œ�����í�õ�ô�ò�•�X���/�v���������]�š�]�}�v�U���š�Z�����‹�µ���•�š�]�}�v�•���Á�Z���š�Z���Œ��
interest in useful plants is evenly distributed within the 
target groups, whether interest in plants changes with 
age, and whether there are some areas of knowledge 
�Á�Z�]���Z�� ���Œ���� �Z�•���Æ�]���Œ�[�� �š�Z���v�� �}�š�Z���Œ�•�� �Z���À���� �������v�� �������o�š�� �Á�]�š�Z�X�� ����
series of studies on these topics started in 2008 and is 
still ongoing, with the aim of developing an educational 
���}�v�����‰�š�� �����À�}�š������ �š�}�� �š�Z���� �µ�•���(�µ�o�� �‰�o���v�š�•�� �P�Œ�}�µ�‰�� �~�^���o���•�r
�Z���]���Z���Œ�š�Ì�������Œ���˜�����o�X���î�ì�í�í�U�����µ�o���]�š�v���Œ���î�ì�í�ð�U���>�‚�Œ�v�]�š�Ì�}���î�ì�í�ñ�U��
�W���v�Ç�� �˜�� �,���]���]�v�P���Œ�� �î�ì�í�ñ���U�� �î�ì�í�ñ���U�� �W���v�Ç�� �î�ì�í�ò�U�� �W���v�Ç�� �˜�� ���o�X��
�î�ì�í�ó�•�X�� ���}�v�•���‹�µ���v�š�o�Ç�� �š�Z���� ���}�š���v�]�����o�� �'���Œ�����v�� �‰���Œ�š�]���]�‰���š���•��
�]�v���š�Z�������µ�Œ�Œ���v�š�����h�r�(�µ�v���������‰�Œ�}�i�����š�����]�P�W�]���v�]�����~�Z�š�š�‰�•�W�l�l�Á�Á�Á�X
���]�P�‰�]���v�]���X���v���š�l�•�X

	 f) Consequences:
Based on different studies mentioned above, several 
new educational concepts have been proposed and 
partly initiated at the Botanic Garden to optimize 
arrangements and presentations of a number of plant 
�P�Œ�}�µ�‰�•�U�����•�‰�����]���o�o�Ç���}�(���š�Z�����µ�•���(�µ�o���‰�o���v�š�•�X�����/�v���š�Z�������}�v�š���Æ�š���}�(��
�š�Z�������]�P�W�]���v�]�����‰�Œ�}�i�����š�U�����X�P�X�U���������]�•�‰�o���Ç���Á�]�š�Z���Œ���]�•�������������•���(�}�Œ��
food plants was established as joint effort of trainees and 
staff of the Botanical Garden, project collaborators and 
�•���Z�}�}�o���l�]���•�X���d�Z�]�•���‰�Œ�}�i�����š���]�•�����o�•�}���‰�Œ���•���v�š�������š�}���š�Z�����P���Œ�����v��
�À�]�•�]�š�}�Œ�•�����v�����]�•�����}���µ�u���v�š���������Ç�������������Z���o�}�Œ���š�Z���•�]�•�X
Elements of the Green School Program meanwhile have 
�������v�� � �̂��Æ�‰�}�Œ�š�����_�� �š�}�� �}�š�Z���Œ�� �o�}�����š�]�}�v�•�� ���v���� �}�Œ�P���v�]�•���š�]�}�v�•��
�]�v�� ���µ�•�š�Œ�]���U�� ���X�P�X�U�� ���•�� ���}�µ�Œ�•���•�� �}�(�� �š�Z���� ���Z�]�o���Œ���v�•�ò�� �h�v�]�À���Œ�•�]�š�Ç��
in Vienna or in Steyr (Upper Austria), or at the 
�<�]�v�����Œ�µ�v�]�À���Œ�•�µ�u���]�v���t���]���Z�}�(���v�����X���X���z�����•���~�>�}�Á���Œ�����µ�•�š�Œ�]���•�X��
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CONCLUSION
The Botanicum building will provide new options 
for science education at the Botanical Garden of the 
University of Vienna, as it will allow to link indoor and 
outdoor activities and to operate during the whole 
�Ç�����Œ�X���/�š�����o�•�}���‰�Œ�}�À�]�����•���š�Z�����•�‰���������(�}�Œ���š�Œ���]�v�]�v�P�����}�µ�Œ�•���•�����v����
seminars in need of presentation facilities or technical 
���‹�µ�]�‰�u���v�š�� �o�]�l���� �u�]���Œ�}�•���}�‰���•�X�� �d�Z�]�•�� �Á�]�o�o�� ���}�v�•�]�����Œ�����o����
expand the potential scope and improve the effects of 
�š�Z�����(�µ�š�µ�Œ�����‰�Œ�}�P�Œ���u�X��
An evaluation of the whole range of the current activities 
including the different guided tours and projects and the 
accompanying tools and materials has been started, aiming 
at streamlining these activities for the new opportunities 
�‰�Œ�}�À�]�����������Ç���š�Z�����‰�}�•�•�]���]�o�]�š�Ç���}�(���]�v���}�}�Œ�������š�]�À�]�š�]���•�X
The new program will continue to benefit from the 
�•�Ç�v���Œ�P�]���•�� �Á�]�š�Z�� �š�Z���� �š�������Z���Œ�•�ò�� ���v���� �•���]���v�š�]�•�š�•�ò�� �����µ�����š�]�}�v��
���š�� �š�Z���� �µ�v�]�À���Œ�•�]�š�Ç�X�� �����•������ �}�v�� �š�Z���� ���Æ�‰���Œ�]���v�����•�� �(�Œ�}�u�� �}�À���Œ��
�î�ñ�� �Ç�����Œ�•�� ���v���� �(�Œ�}�u�� �•�š�µ���]���•�� �����}�µ�š�� �À�]�•�]�š�}�Œ�•�ò�� ���}�u�‰�}�•�]�š�]�}�v�•��
���v���� �]�v�š���Œ���•�š�•�� �~���X�P�X�U�� �W�(���v�v�Z���µ�•���Œ�� �î�ì�í�ì�U�� �W���v�Ç�� �î�ì�í�ò�•�U�� ���v����
�š���l�]�v�P�� �š�Z���� �]�v���Œ�����•�]�v�P�� �����u���v���� �}�v�� �^�o�]�(���o�}�v�P�r�o�����Œ�v�]�v�P�_��
opportunities into account, it will be designed to explicitly 
serve three target groups: children and school classes, 
�~�(�µ�š�µ�Œ���•�� �š�������Z���Œ�•�� ���v���� �����µ�����š�}�Œ�•�U�� ���v���� �š�Z���� �P���v���Œ���o�� �‰�µ���o�]���X��

In consultation and collaboration with other stakeholders, 
���X�P�X�U�� �š�Z���� ���µ�•�š�Œ�]���v�� �����µ�����š�]�}�v�� ���}�u�‰���š���v������ �����v�š���Œ�� ���š��
�š�Z���� �h�v�]�À���Œ�•�]�š�Ç�� �}�(�� �s�]���v�v���U�� �}�š�Z���Œ�� �µ�v�]�À���Œ�•�]�š�]���•�U�� �š�������Z���Œ�•�ò��
organisations, or school boards of the Austrian Federal 
�^�š���š���•�U�����o�•�}���‰�Œ�}�P�Œ���u�•���(�}�Œ���‰�}�•�š�r�P�Œ�����µ���š�����µ�v�]�À���Œ�•�]�š�Ç�����}�µ�Œ�•���•��
���v�����‰�Œ�}�(���•�•�]�}�v���o�������À���o�}�‰�u���v�š���}�(���š�������Z���Œ�•�����Œ�����‰�o���v�v�����X��
Because of the many different types of visitors, the garden 
is a perfect place to continue testing a variety of teaching 
���v���� �‰�µ���o�]���� �}�µ�š�Œ�������Z�� �u���š�Z�}���•�X�� �d�Z���Œ���(�}�Œ���� �š�Z���� �•���]���v�š�]�(�]����
evaluation of the program will continue, aiming at getting 
better insights into backgrounds, demands, needs and 
�]�v�š���Œ���•�š�•���}�(�����]�(�(���Œ���v�š���š�Ç�‰���•���}�(���À�]�•�]�š�}�Œ���P�Œ�}�µ�‰�•���}�(���š�Z�����P���Œ�����v�X��
Presentations and publications of the results of such 
�•�š�µ���]���•���~�����•�]�����•���•�š�µ�����v�š�•�ò���š�Z���•���•�����o�•�}���]�v���(�}�Œ�u���}�(���•���]���v�š�]�(�]����
papers), will be prepared to reach a wide audience of 
�•���]���v�����������µ�����š�}�Œ�•�U���•���]���v�š�]�•�š�•�����v�������}�š���v�]�����o���P���Œ�����v���•�š���(�(�X��
In addition, the practical activities of the students and 
guides in the framework of the program and the success of 
interactions with different target groups shall strengthen 
the knowledge base, competence and qualification of 
(future) teachers and educators to create curiosity and to 
�����o�]�À���Œ���•���]���v�š�]�(�]�������}�v�š���v�š�����•�����‰�‰�����o�]�v�P�����•���‰�}�•�•�]���o���X
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�š�Z���•�]�•�X���s�]���v�v���W���h�v�]�À���Œ�•�]�š�Ç���}�(���s�]���v�v���X
�<�Œ�º�P���Œ�� ���X�U�� ���µ�Œ�u���•�š���Œ�� ���X�� �~�î�ì�ì�ñ�•��´Wie Schüler Pflanzen 
ordnen.´ Zeitschrift für Didaktik der Naturwissenschaften 
�í�í�W���ô�ñ�r�í�ì�î�X
�>���u�u���Œ�Z�]�Œ�š�� ���X�� �~�î�ì�ì�í�•��´Konzept zur Umgestaltung der 
“Genetischen Gruppe” im HBV nach wissenschaftlichen, 
didaktischen und gärtnerischen Gesichtspunkten.´ 
���]�‰�o�}�u�����š�Z���•�]�•�X���s�]���v�v���W���h�v�]�À���Œ�•�]�š�Ç���}�(���s�]���v�v���X
�>���u�‰���Œ�š���W�X���~�î�ì�í�î�•��´Blüten und Bestäuber.´�����]�‰�o�}�u�����š�Z���•�]�•�X��
�s�]���v�v���W���h�v�]�À���Œ�•�]�š�Ç���}�(���s�]���v�v���X
�>���u�‰���Œ�š�� �W�X�U�� �W���v�Ç�� �W�X�U�� �<�]���Z�v�� �D�X�� �~�î�ì�í�î�•��´Durch die Blume: 
Blüten und ihre Bestäuber.´ Unterricht Biologie 375, 
�í�í�r�í�ò�X
�>���u�‰���Œ�š���W�X�U���Z�}�•���� �D�X�U���<�]���Z�v���D�X���~�î�ì�í�ñ�•�W��´Building models 
to build up unterstanding.´�� �W�‰�X�� �í�í�ô�r�í�ï�ô�� �]�v�� �/�Œ�Á�]�v�� �•�X�U��
�,�}���•�}�v�����X�U���W�Œ���•�����Z���^���o�À���u���Z�X�U�������Œ���Á�v�]���l�����>�X���~�����•�X�•��´The 
�W�Œ�}���������]�v�P�•�� �}�(�� �š�Z���� ���'���/�� �õ�æ�Ú�� �/�v�š���Œ�v���š�]�}�v���o�� ���}�v�P�Œ���•�•�� �}�v��
Education in Botanic Gardens. Biodiversity for a Better 
World. Wild Ideas Worth Sharing´�X�� �Z�]���Z�u�}�v���U�� �^�µ�Œ�Œ���Ç�W��
���'���/�X
�>�‚�Œ�v�]�š�Ì�}�� ���X�� �~�î�ì�í�ñ�•��´SchülerInnen-Interessen zum Thema 
Gewürzpflanzen und der Einsatz von forschendem Lernen 
im Biologieunterricht.´�����]�‰�o�}�u�����š�Z���•�]�•�X���s�]���v�v���W���h�v�]�À���Œ�•�]�š�Ç��
�}�(���s�]���v�v���X
�D���Ç�Œ�� �:�X�� �~�î�ì�í�ò�•��´Ausbreitungsbiologie bei Pflanzen.´ 
���]�‰�o�}�u�����š�Z���•�]�•�X���s�]���v�v���W���h�v�]�À���Œ�•�]�š�Ç���}�(���s�]���v�v���X
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�D�º�o�o���Œ�v�� �<�X�� �~�î�ì�ì�ô�•��´Revitalisierung eines Schulgartens – 
wissenschaftliche Grundlage und didaktische Konzepte 
für einen Nutzpflanzengarten.´�� ���]�‰�o�}�u���� �š�Z���•�]�•�X�� �s�]���v�v���W��
�h�v�]�À���Œ�•�]�š�Ç���}�(���s�]���v�v���X
�D�µ�š�o�µ�o���Œ�� �:�X�� �~�î�ì�í�ñ�•��´Botanische Charakterisierung und 
Dokumentation der Baumarten des Botanischen Gartens 
der Universität Wien.´�����]�‰�o�}�u�����š�Z���•�]�•�X���s�]���v�v���W���h�v�]�À���Œ�•�]�š�Ç��
�}�(���s�]���v�v���X
�W���v�Ç�� �W�X�� �~�î�ì�í�ò�•��´Schüler_innen-Interessen an 
Nutzpflanzen.´���W�Z�����š�Z���•�]�•�X���s�]���v�v���W���h�v�]�À���Œ�•�]�š�Ç���}�(���s�]���v�v���X
�W���v�Ç�� �W�X�U�� �,���]���]�v�P���Œ�� ���X�� �~�î�ì�í�ñ���•��´Nutzpflanzen als 
„Türöffner“  für die Vermittlung botanischer Inhalte 
- Häufigkeitsverteilungen von Interessenprofilen als 
Hilfe  für die Planung von Botanik-Unterrichtseinheiten.´ 
���Œ�l���v�v�š�v�]�•�Á���P�����]�}�o�}�P�]�����]�����l�š�]�l���í�ï�W���î�ñ�r�ð�ì�X
�W���v�Ç�� �W�X�U�� �,���]���]�v�P���Œ�� ���X�� �~�î�ì�í�ñ���•��´Uncovering patterns of 
interest in useful plants - Frequency analysis of individual 
students’ interest types as a tool for planning botany 
teaching units.´ Multidisciplinary Journal for Education, 
�^�}���]���o�����v�����d�����Z�v�}�o�}�P�]�����o���^���]���v�����•���î�~�í�•�U���í�ñ�r�ï�õ�X
�W���v�Ç�� �W�X�U�� �,���]���]�v�P���Œ�� ���X�U�� �<�]���Z�v�� �D�X�� �~�î�ì�í�ó�•��´T6 P1352; The 
potential of useful plants as flagship species to counteract 
plant blindness.´ �W�X���ð�ó�õ���]�v�������•�š�Œ�����š�•�����}�}�l���/�/�X���W�}�•�š���Œ�•�����v����
�����•�š�Œ�����š�•�X�� �y�/�y�� �/�v�š���Œ�v���š�]�}�v���o�� ���}�š���v�]�����o�� ���}�v�P�Œ���•�•�� �î�ì�í�ó�X��
�^�Z���v�Ì�Z���v�U�����Z�]�v���W���/�����X��
�W���•�•�� �'�X�U�� �<�]���Z�v�� �D�X�U�� �>���v�P�� �/�X�U�� �Z���]�v�]�v�P���Œ�r�����š�]�v�� ���X�U��
���]�P�v���Œ�r���Œ���µ�•�•�� ���X�� �~�î�ì�ì�ñ�•��´Fachdidaktik “Biologie und 
Umweltkunde” an der Universität Wien: Evaluierung 
von Organisationsstrukturen; Kooperationsformen mit 
Schulen und methodischen Innovationen in der Lehre.´ 
�W�‰�X���ò�í�r�õ�ò���]�v���������l���Œ�����X���~�����X�•��´Fachdidaktik im Aufbruch. Zur 
Situation der Lehramtsstudien an der Universität Wien.´ 
�&�Œ���v�l�(�µ�Œ�š�l�D�X�U�������Œ�o�]�v�U�������Œ�v�U�����Œ�µ�Æ���o�o���•�U���E���Á���z�}�Œ�l�U���K�Æ�(�}�Œ���U��
�t�]���v�W���W���š���Œ���>���v�P�X

�W�(���v�v�Z���µ�•���Œ�� �D�X�� �~�î�ì�í�ì�•��Die Pannonische Gruppe im 
Botanischen Garten der Universität Wien�X�� ���]�‰�o�}�u����
�š�Z���•�]�•�X���s�]���v�v���W���h�v�]�À���Œ�•�]�š�Ç���}�(���s�]���v�v���X
�W�µ�u�‰�o���Œ���W�X���~�î�ì�í�ò�•��´Die Serpentingruppe im Botanischen 
Garten der Universität Wien Geobotanische und 
pflanzenökologische Aspekte von Lebensräumen über 
Serpentinit.´ ���]�‰�o�}�u�����š�Z���•�]�•�X���s�]���v�v���W���h�v�]�À���Œ�•�]�š�Ç���}�(���s�]���v�v���X
�^���o���•�r�Z���]���Z���Œ�š�Ì�������Œ�� �:�X�� �~�î�ì�ì�ô�•��´Die Nutzpflanzengruppe 
des Botanischen Gartens der Universität Wien.´ Diploma 
�š�Z���•�]�•�X���s�]���v�v���W���h�v�]�À���Œ�•�]�š�Ç���}�(���s�]���v�v���X
�^���o���•�r�Z���]���Z���Œ�š�Ì�������Œ���:�X�U���W���v�Ç���W�X�U���<�]���Z�v���D�X���~�î�ì�í�í�•��´Opening 
the window on ‘plant-blindness’.�ò���Z�}�}�š�•���ô�U���î�W���î�ï�r�î�ò�X
�^���š�Ì�]�v�P���Œ�� �s�X�� �~�î�ì�í�ñ�•��´Fachbotanische Beschreibung der 
Nutzpflanzen im Botanischen Garten der Universität 
Wien.�́����]�‰�o�}�u�����š�Z���•�]�•�X���s�]���v�v���W���h�v�]�À���Œ�•�]�š�Ç���}�(���s�]���v�v���X
�d���µ�����Œ�š���&�X���D�X���~�î�ì�í�ï�•��´Diasporenökologie im Botanischen 
Garten der Universität Wien.´ ���]�‰�o�}�u���� �š�Z���•�]�•�X�� �s�]���v�v���W��
�h�v�]�À���Œ�•�]�š�Ç���}�(���s�]���v�v���X
�t���v�����Œ�•�������:�X���,�X�U���^���Z�µ�•�•�o���Œ�����X���~�î�ì�ì�í�•��´Toward a theory of 
plant blindness.´ �W�o���v�š���^���]���v���������µ�o�o���š�]�v�U���ð�ó�~�í�•�W���î�r�õ�X
�t���]�•�� �D�X�� �~�î�ì�í�ò�•��´Hofgarten Seitenstetten: Evaluierung 
der Potenziale für Vermittlungsprogramme sowie 
Entwicklung von Infrastruktur und Medien.´ Diploma 
�š�Z���•�]�•�X���s�]���v�v���W���h�v�]�À���Œ�•�]�š�Ç���}�(���s�]���v�v���X
�t�]�v���]�v�P�� �'�X�� �~�î�ì�ì�í�•��´Lebende Fossilien im HBV.´ Diploma 
�š�Z���•�]�•�X���s�]���v�v���W���h�v�]�À���Œ�•�]�š�Ç���}�(���s�]���v�v���X
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FROM BOTANIC GARDEN TO THE SCHOOL: NATURAL SCIENCES WITH
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ABSTRACT
�E�}�v�r�(�}�Œ�u���o�������µ�����š�]�À�����•���š�š�]�v�P�•�U���•�µ���Z�����•���P���Œ�����v�•�����v�����u�µ�•���µ�u�•�U�����•���Á���o�o�����•���š�Z�����/�v�‹�µ�]�Œ�Ç�r�����•�������^���]���v�����������µ�����š�]�}�v���~�/���^���•�U������
�u�µ�o�š�]�(�������š���������v�����•�š�µ�����v�š�r�����v�š���Œ�������u���š�Z�}���}�o�}�P�Ç�U���‰�o���Ç�����v�����•�•���v�š�]���o���Œ�}�o�������•���š�}�}�o�•���(�}�Œ�������µ�����š�]�}�v�X�������•�������]�v���š�Z���������µ�����š�]�À����
experiences in a Botanic Garden, our aim is to study the integration of IBSE outside classroom in a formal Portuguese 
�•���Z�}�}�o�����}�v�š���Æ�š�X���d�Z�����P�}���o���]�•���š�}���µ�v�����Œ�•�š���v�����š�Z�����]�u�‰�����š���}�(���š�Z�]�•���u���š�Z�}���}�o�}�P�Ç���]�v���E���š�µ�Œ���o���^���]���v�����•���o�����Œ�v�]�v�P�U�����v�����]�v���š�Z����
�}�‰�]�v�]�}�v�•�����v���������µ�����š�]�À�����‰�Œ�}���µ���š�•���}�(���í�ì���š�}���í�î���Ç�����Œ�•���}�o�����•�š�µ�����v�š�•�X
�t�]�š�Z�]�v�������‰���Œ�š�v���Œ�•�Z�]�‰���Á�]�š�Z�������^���Z�}�}�o�����v���������^���]���v�������d�������Z���Œ���}�(���š�Z�����W�}�Œ�š�µ�P�µ���•�����ñ�æ�Ú���Ç�����Œ���o���À���o�U�����v�����š�Œ���]�v�������]�v���/���^���U���•���À���v��
thematic classes on biodiversity and sustainability were taken from an Educational Program developed in Coimbra 
���}�š���v�]�����o���'���Œ�����v�X���&�µ�o�(�]�o�o�]�v�P���š�Z�������µ�Œ�Œ�]���µ�o���Œ�������u���v���•���š�Z���•�����o���•�•�}�v���‰�o���v�•���Á���Œ�����]�v�š���P�Œ���š�������]�v���š�Z�������o���•�•���•�����µ�Œ�]�v�P���š�Z�����š�Z�Œ������
�•���Z�}�}�o���‰���Œ�]�}���•�����v���������}�‰�š���������v���������i�µ�•�š�������š�}���š�Z�������Æ�]�•�š�]�v�P�����}�v���]�š�]�}�v�•�����v�����Œ���•�}�µ�Œ�����•�X��
The cognitive learning of the students in the Natural Sciences topics, and their opinions, were regularly monitored, 
�À���o�]�����š���������v�����•�š���š�]�•�š�]�����o�o�Ç�����À���o�µ���š���������Ç���•���À���v�š�Ç�r�š�Á�}���‰���]�Œ�•���}�(���‰�Œ�������v�����‰�}�•�š�r�‹�µ���•�š�]�}�v�v���]�Œ���•�����v�������o�•�}�����v���o�Ç�Ì�������]�v�������•���u�]��
�•�š�Œ�µ���š�µ�Œ�������]�v�š���Œ�À�]���Á���Á�]�š�Z���š�Z�����š�������Z���Œ�X
�d�Z�����Œ���•�µ�o�š�•���‰�Œ�}�À�������������}�P�v�]�š�]�À�����]�u�‰�Œ�}�À���u���v�š���}�(���š�Z�����•�š�µ�����v�š�•���]�v�����o�o�����µ�Œ�Œ�]���µ�o���Œ���š�Z���u���•�����À���o�µ���š�����U�����•���Œ���(���Œ�Œ���������o�•���Á�Z���Œ���X��
�d�Z�������u�‰�Z���•�]�•���]�•���v�}�Á���š�}���Z�]�P�Z�o�]�P�Z�š���š�Z�����‰�}�•�]�š�]�À�����(�������������l���(�Œ�}�u���•�š�µ�����v�š�•�����v�����š�Z���]�Œ���š�������Z���Œ���À�]���Á���}�v���š�Z�����Á�}�Œ�l�������À���o�}�‰�����X��
���(�š���Œ�����}�u�‰�o���š�]�v�P���š�Z�����]�v�v�}�À���š�]�À�������‰�‰�Œ�}�����Z���]�v�����o���•�•�U���š�Z�����u�}�š�]�À���š�]�}�v���]�v�À�}�o�À�������õ�î�9���}�(���š�Z�����•�š�µ�����v�š�•�U���Œ���•�‰�}�v�•���•���]�v���õ�õ�9���}�(��
�š�Z���u�����v�����v���Á���o�����Œ�v�]�v�P���(���o�š�����Ç�����o�o�V���ô�õ�9���}�(���š�Z�����•�š�µ�����v�š�•���•�Z�}�Á�������•���š�]�•�(�����š�]�}�v���]�v���š�Z���������š�]�À�]�š�]���•�����Æ�‰���Œ�]���v�����������v�����]�v���š�Z����
���}���µ�u���v�š�•���‰�Œ�}���µ�������X���&���À�}�Œ�]�v�P���‹�µ���•�š�]�}�v�]�v�P�U�����}�š�Z���š�Z�����š�������Z���Œ�����v�����š�Z�����•�š�µ�����v�š�•���Á���v�š���š�}�����}�v�š�]�v�µ�����š�Z�]�•���š�������Z�]�v�P�����v����
�o�����Œ�v�]�v�P�� �(�}�Œ�u���š�� ���š�� �^���Z�}�}�o�U�� ���•�� ���v�� ���v�o���Œ�P������ ���v���� ���Œ�����š�]�À���� ���o�š���Œ�v���š�]�À���� �(�}�Œ�� �E���š�µ�Œ���o�� �^���]���v�����•�� �µ�v�����Œ�•�š���v���]�v�P�X�� �D�}�Œ���}�À���Œ�U��
lesson plans, new botanic thematic and the resources produced are replicable by other educational communities and 
���]�À���Œ�•�����•�š���l���Z�}�o�����Œ�•�U�����]�Œ�����š�o�Ç�U���}�Œ�����•���]�������•���š�}���v���Á�������š�]�À�]�š�]���•���(�}�Œ���•���Z�}�}�o�•�X
Applying those educative strategies on a regular basis outside classroom, either in a museum, a botanic garden or 
a school garden, will improve knowledge, encouraging imagination and a stronger sensitivity for nature, plants and 
�š�Z���]�Œ���]�u�‰�}�Œ�š���v�������(�}�Œ���o�]�(���X
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INTRODUCTION
	 Conceptual framework - WHY this research
The educative processes with IBSE lessons outdoors, 
being or not guided by a formal curricula, are flexible and 
adapt to the needs and interests of the students, who 
�����v���P���]�v�������Z�µ�u���v�r�v���š�µ�Œ�������}�v�v�����š�]�}�v�����v���������À���o�}�‰���P�Œ�����š���Œ��
���v�À�]�Œ�}�v�u���v�š���o�����Á���Œ���v���•�•�X�������]�v�P�����v�������š�]�À���U�����Æ�‰���Œ�]�u���v�š���o��
���v���� �•�š�µ�����v�š�r�����v�š���Œ������ �����µ�����š�]�À���� �u���š�Z�}���}�o�}�P�Ç�U�� �/���^����
imitates the scientific research and it is characterized as a 
�u�µ�o�š�]�(�������š�����������š�]�À�]�š�Ç�X���^�š�µ�����v�š�•���µ�•�����š�Z�����•���u�����•�l�]�o�o�•�����•���š�Z����
scientists, like questioning, data collection, reasoning, 
proof review in the light of what is already known, 

drawing conclusions and discussing the results (Artigue 
���š�����o�X�U���î�ì�í�î�•�X��
IBSE means that students progressively develop key 
scientific ideas by learning how to investigate and build 
their knowledge and the understanding of the world 
around, based on the students’ work and physical 
���v���� �u���v�š���o�� �Œ�����o�]�š�]���•�� ���v���� �������l�P�Œ�}�µ�v���X�� �W�µ�š�� ���� �‹�µ���•�š�]�}�v�U��
�(�]�v���� ���v�� ���v�•�Á���Œ�U�� �P�}�� �(�µ�Œ�š�Z���Œ�U�� ���v���� �P�Œ�}�Á�X�� �/�(�� �Ç�}�µ�� ���•�l�U�� �Ç�}�µ��
�Á���v�š�� �š�}�� �l�v�}�Á�X�� �d�Z���� �u�}�Œ���� �/�� �l�v�}�Á�U�� �š�Z���� �u�}�Œ���� �š�Z���Œ���� �]�•�� �š�}��
learn: this is the attitude of a scientist (Tavares, Silva, 
�˜�� �����š�š���v���}�µ�Œ�š�U�� �î�ì�í�ñ�•�X�� �/���^���� �]�•�� �����•������ �]�v�� ���� ���}�v�•�š�Œ�µ���š�]�À�]�•�š��
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cognitive development model where the construction 
�}�(�� �l�v�}�Á�o�����P���� �]�u�‰�o�]���•�� �Z���v���•�r�}�v�U�� �Z�����Œ�š�r�}�v�� ���v���� �u�]�v���•�r
on stimulation, increasing the students’ curiosity and 
���Œ�����š�]�À�]�š�Ç���~�d���À���Œ���•�U���î�ì�í�ô�•�X
���o�•�}�U�� �v�}�v�r�(�}�Œ�u���o�� �����µ�����š�]�}�v�� ���v�À�]�Œ�}�v�u���v�š�•�U�� �•�µ���Z�� ���•��
gardens or museums, are especially relevant in Science 
Education, for the construction of knowledge is enhanced 
when using these educative settings, typically outside 
���o���•�•�Œ�}�}�u���~���]�v�•�Á�}�Œ�š�Z���˜�������š�}�v�U���î�ì�í�ì�V�����^�����K�^�t�'�U���î�ì�í�í�•�X��
It is known that these outdoor experiences are positively 
reflected on the academic performance of each student, 
increasing awareness to new options, in a transversal 
way: as an apprentice, for professional career, as political 
���v�����•�}���]���o�o�Ç�������š�]�À�������]�š�]�Ì���v���~�������š�š�Ç���˜���^���Z�Á���]�v�P�Œ�µ�����Œ�U���î�ì�í�ó�V��
�D���š�š���u���v���˜�������u�•���U���î�ì�í�ó�•�X��
Natural Science with IBSE outside classroom stimulates 
���� �(�]�Œ�•�š�r�Z���v���� ���Æ�‰���Œ�]���v�����U�� �š�Z���� ���‰�‰�Œ�����]���š�]�}�v�� �}�(�� �v���š�µ�Œ����
as a whole, a tighter relationship, promoting greater 
motivation and engagement for action and knowledge 
���v�������v�À�]�Œ�}�v�u���v�š���o���Œ���(�o�����š�]�}�v���~�d���À���Œ���•�����š�����o�X�U���î�ì�í�ñ�•�X���'�}�]�v�P��

to Nature as a starting point, and using it as a practice of 
daily life, combines with the main characteristics of IBSE 
�u���š�Z�}���}�o�}�P�Ç�U���Á�Z�]���Z���À���o�µ���•���‰�Œ���r���Æ�]�•�š�]�v�P���l�v�}�Á�o�����P�������v��������
�v���Á���‰���Œ�•�‰�����š�]�À�����}�(���}�‰���v�����v�����š�����u�r�•�}���]���o���š�������Z�]�v�P�U���Á�Z���Œ����
the individualities of students and teachers must be taken 
�]�v�š�}�� �������}�µ�v�š�U�� �Œ���•�‰�����š�]�v�P�� �������Z�� �•�]�v�P�µ�o���Œ�]�š�Ç�� �~�D���o�u�U�� �î�ì�ì�õ�V��
�W���•�•�}���U�� �î�ì�í�ï�•�X�� �d�Z���� �š�Á�}�� ���}�u�‰�}�v���v�š�•���r�� ���v�� ���v�À�]�Œ�}�v�u���v�š��
�}�µ�š�•�]���������o���•�•�Œ�}�}�u�����v���������•�š�µ�����v�š�r�����v�š���Œ�������u���š�Z�}���}�o�}�P�Ç��
�r�� �(�����]�o�]�š���š���� ���v���� �]�u�‰�Œ�}�À���� �š�Z���� �����µ�����š�]�À���� �‰�Œ�}�����•�•�� �~�d���À���Œ���•��
���š�� ���o�X�U�� �î�ì�í�ñ�•�U�� �Á�Z���Œ���� �•�š�}�Œ�Ç�š���o�o�]�v�P�� �]�•�� ���v�� �]�u�‰�}�Œ�š���v�š�� �š�}�}�o�� �š�}��
���}�v�•�]�����Œ���~�������(�}�Œ���U���î�ì�ì�í�V���d���À���Œ���•�U���î�ì�í�ó�•�X

	 WHAT to investigate
A project promoted by the Centre for Studies in Human 
Development, Faculty of Education and Psychology 
of the Catholic University (Porto) to understand the 
impact of IBSE outside classroom in a real School context 
�Á�]�š�Z�� �Ç�}�µ�v�P�� �•�š�µ�����v�š�•�� �~�í�ì�� �š�}�� �í�î�� �Ç�����Œ�•�� �}�o�����r�� �ñ�æ�Ú�� �P�Œ�������•��
and concerning three main levels: cognitive learning, 
�}�‰�]�v�]�}�v�•�����v�������š�š�]�š�µ�����•�����v�����š�Z�����Á�}�Œ�l���‰�Œ�}���µ�������X

MATERIAL AND METHODS
	 HOW to implement
By a partnership with a School and a Science Teacher 
�š�Œ���]�v������ �]�v�� �/���^���� ���v���� �š�Z���� �•�š�µ�����v�š�•�� �}�(�� �š�Z���� �ñ�æ�Ú�� �P�Œ�������� �~�(�]�Œ�•�š��
year of the second cycle of basic education): a sample 
�}�(���ó�ñ���•�š�µ�����v�š�•���}�(���š�Z�����ï�����o���•�•���•���r�������~�î�ñ�•�U�������~�î�ò�•�����v���������~�î�ð�•�X��
�&�µ�o�(�]�o�o�]�v�P���š�Z�������µ�Œ�Œ�]���µ�o���Œ���‰�Œ�}�P�Œ���u���~�����o�����•���˜���W���•�š���v���U���î�ì�í�ì�•�U��
seven topics on biodiversity and sustainability (Table 1) 
were taken from the Educational Program developed in 
Coimbra Botanic Garden (Tavares, 2015) and adjusted to 
�š�Z�����•���Z�}�}�o���Œ���•�}�µ�Œ�����•�����v�������}�v���]�š�]�}�v�•�X

	 Timetable
The educative project was developed during three 
�‰�Z���•���•�� �}�(�� ���� ���}�u�‰�o���š���� �•���Z�}�o���Œ�������o���v�����Œ�W���í�å�æ�r���‰���Œ�š�v���Œ�•�Z�]�‰��
and arrangements of themes in school (April and May, 
previous to the project implementation at school); 
�î�à�Ö�r�� ���‰�‰�o�]�����š�]�}�v�U�� �u�}�v�]�š�}�Œ�]�v�P�U�� ���}�o�o�����š�]�}�v�� �}�(�� �Œ���•�µ�o�š�•�U�� ���v����
���À���o�µ���š�]�}�v�� �~�^���‰�š���u�����Œ�� �š�}�� �:�µ�o�Ç�•�V�� �ï�ä�Ö�r�� �}�Œ�P���v�]�Ì���š�]�}�v�� �}�(�� �š�Z����
���}���µ�u���v�š�•���‰�Œ�}���µ���������~�:�µ�v�������v�����:�µ�o�Ç�•�X��

	 Assessment Tools and Procedure for Students‘ 
opinions and attitudes:

	 A-Students’ Questionnaires
�Z���P�µ�o���Œ�� ���À���o�µ���š�]�}�v�� �}�(�� �ó�î�� �À���o�]���� �‰���]�Œ�� �}�(�� �‰�Œ���� �~�í�å�æ�� �š���Œ�u�•��
���v���� �‰�}�•�š�� �~�î�à�Ö�� �š���Œ�u�•�� �‹�µ���•�š�]�}�v�v���]�Œ���•�� �Á�]�š�Z�� �(�]�À���� �‹�µ���•�š�]�}�v�U��
���v�}�v�Ç�u�}�µ�•�U�� �Á���Œ���� ���v�•�Á���Œ������ �Á�]�š�Z�]�v�� �í�ñ�� �u�]�v�µ�š���•�X�� �d�Z���� �í�å�æ��

���v���� �î�à�Ö�� �‹�µ���•�š�]�}�v�•�� �Á���Œ���� ���o�}�•������ ���v���� �š�Z���� �o���•�š�� �š�Z�Œ������ �Á���Œ����
�}�‰���v���‹�µ���•�š�]�}�v�•�X���d�Z�������v�•�Á���Œ�•�[�����}�v�š���v�š�•���Á���Œ�����P�Œ�}�µ�‰���������Ç��
similar subjects in a maximum of 8 items, and assessed 
���Ç���•�]�u�‰�o�����•�š���š�]�•�š�]�����o�����v���o�Ç�•�]�•�X��
There were five main items for students’ opinions and 
���š�š�]�š�µ�����•�W���í�r���D�}�š�]�À���š�]�}�v���(�}�Œ���o�����Œ�v�]�v�P�V���î�r�������š�]�}�v�•���P���v���Œ���š������
�]�v�� �š�Z���� �•�š�µ�����v�š�•�� �}�Œ�� �š�Z���� �•�š�µ�����v�š�•�� �Z�‰�Œ�}�����š�]�À�]�š�Ç�V�� �ï�r�� �/�u�‰�����š�•��
on learning in general; we want to know if students think 
�š�Z���Ç���o�����Œ�v���u�}�Œ���V���ð�r�� �d�Z���� �����P�Œ������ �}�(�� �•���š�]�•�(�����š�]�}�v���Á�]�š�Z���š�Z����
methodology; if they liked to work in this way and why; 
�ñ�r���^�µ�P�P���•�š�]�}�v�•���(�}�Œ���}�š�Z���Œ���]�u�‰�Œ�}�À���u���v�š�•���]�v���š�Z�������o���•�•���•�X

	 B- The work produced 
During the three school terms of the project 
implementation, the students developed their work 
following the seven curricular topics, as referred in table 
�í�X

	 C- Interview with the teacher
To understand the lived experience and the opinion 
of the teacher on the impact of the IBSE outdoors 
���o���•�•���•�� �]�v�� �š�Z���� �•�š�µ�����v�š�•�[�� �(�����o�]�v�P�•�� ���v���� �o�����Œ�v�]�v�P�U�� ���� �•���u�]�r
structured interview (Amado, 2013) was implemented 
with her, at the end of the scholar year and the project 
�]�u�‰�o���u���v�š���š�]�}�v�X
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Seven curricular topics /nº of IBSE sessions

�í�å�æ���d���Œ�u�W���ð���š�Z���u���•�l�í�ì���•���•�•�]�}�v�•

�í�r���W�o���v�š�����]�À���Œ�•�]�š�Ç�X��The algae who wanted to be a flower/2

�î�r���d�Z�����o�����À���•�X��The Autumn color’s in the garden leaves /3

�ï�r���d�Z�����(�o�}�Á���Œ��is also a mother /3

�ð�r���^�š���u�•�U���(�}�Œ�u�����v�����(�µ�v���š�]�}�v���}�(���š�Z�����‰�o���v�š���}�Œ�P���v�•�X��Shall we hug the trees? /2

December: Revisions; discussion of the students’ projects on plant diversity; 
�•�š�}�Œ�Ç�š���o�o�]�v�P�V�����Æ���Z���v�P�����}�(�����}�}�l�•�X�����Z�Œ�]�•�š�u���•���Z�}�u���Á�}�Œ�l�W���š�}���Á�Œ�]�š�����o�Ç�Œ�]���•���(�}�Œ�������•�}�v�P��
�}�v���‰�o���v�š�•�����À�}�o�µ�š�]�}�v�X

�î�à�Ö���d���Œ�u�W���ï���š�Z���u���•���l�í�ì���•���•�•�]�}�v�•

�ñ�r���d�Z���������o�o�•�����v�������E���X��The beginnings of life /5

�ò�r�����o���•�•�]�(�]�����š�]�}�v�����v�����š���Æ�}�v�}�u�Ç�X��Plants have a family too/ 3

�ó�r�����Æ�‰�o�}�Œ���Œ�•�X��Scientists in the school/2

�ï�ä�Ö���d���Œ�u

Exhibition of the students’ texts and drawings on the “Algae-flower”�� �•�š�}�Œ�Ç�X��
���}�u�‰�}�•�]�š�]�}�v�� �}�(�� �š�Z���� �•�}�v�P�� �^�š�Z���� ���o�P���[�•�� ���Œ�����u�_�� �Á�]�š�Z�� �š�Z���� �u�µ�•�]���� �š�������Z���Œ�U�� �����•������ �}�v��
�š�Z�����À���Œ�•���•���Á�Œ�]�š�š���v�����Ç���š�Z�����•�š�µ�����v�š�•�X���,���o�‰�]�v�P���ò�æ�Ú���P�Œ�������Œ�•���•�š�µ�����v�š�•���o�����Œ�v���š�Z�����•�}�v�P�X��
���}�u�‰���š�]�š�]�}�v�� �(�}�Œ�� �š�Z���� �����•�š�� �‰�o���v�š�� �o�������o�� �u�������� �(�}�Œ�� �š�Z���� �•���Z�}�}�o�� �P���Œ�����v�•�X�� �����o�����Œ���š�]�}�v��
�}�(�� �����Œ�š�Z�� �����Ç�� �~�D���Ç�� �î�î�à�Ö�•�W�� �š�Z���� �•�š�µ�����v�š�•�� �‰�o�������� �š�Z���� �o�������o�•�� �]�v�� �š�Z���� �P���Œ�����v�� �‰�o���v�š�•�X��
“The algae’s dream” �•�}�v�P���‰���Œ�(�}�Œ�u���v���������š���š�Z�������v���r�}�(�r�š�Z���r�Ç�����Œ���•���Z�}�}�o�������Œ���u�}�v�Ç��
�~�Z�š�š�‰�•�W�l�l�Á�Á�Á�X�Ç�}�µ�š�µ�����X���}�u�l�Á���š���Z�M�À�A�^���Ç�‰�µ�<�,�š�Ì�Z�•���r�� �î�ó�æ�Ú�� �D���Ç�î�ì�í�ò�•�U�� �]�v�š���Œ�����š�]�v�P��
with the audience, all educative community (students, parents, friends, teachers 
���v�����•���Z�}�}�o���•�š���(�(�•�X

Table 1:   School chronogram 
�}�(�� �š�Z���� �ñ�æ�Ú�� �P�Œ�������� ���µ�Œ�Œ�]���µ�o���Œ��
topics and IBSE sessions
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RESULTS
Concerning the cognitive learning there was a good level 
of knowledge in all curricular topics reflected in a change 
�(�Œ�}�u���ì�9�����}�Œ�Œ�����š�����v�•�Á���Œ�•���]�v���š�Z�����‰�Œ�����‹�µ���•�š�]�}�v�v���]�Œ�����š�}���ó�ì�r
�õ�ì�9�� �]�v�� �š�Z���� �‰�}�•�š�� �‹�µ���•�š�]�}�v�v���]�Œ���U�� ���•�� �Œ���(���Œ�Œ������ ���o�•���Á�Z���Œ����
�~�d���À���Œ���•�U���î�ì�í�ó�•�X
This paper focuses students’ opinions and attitudes (A) 
the work produced (B), expressed from Figures 1 to 
11, respectively, and the reflections within the teacher 
�]�v�š���Œ�À�]���Á���~���•�X��

	 A-Results in the questionnaires on students’ 
opinions and attitudes are as follows
Comparing the questionnaire’s results on question 1 
�~�&�]�P�X�í�•�U�� �š�Z���� �u�}�š�]�À���š�]�}�v�� �}�(�� �•�š�µ�����v�š�•�� �Á���•�� ���o�Œ�������Ç�� �Z�]�P�Z��
�~�ô�ñ�9�•�� ���µ�Œ�]�v�P���š�Z���� �o���µ�v���Z���}�(�� �š�Z���� �‰�Œ�}�i�����š�U���]�v�� �š�Z���� �í�å�æ���š���Œ�u�U��
���v���� �Á���•�� ���À���v�� �P�Œ�����š���Œ�� ���š�� �š�Z���� ���v���� �}�(�� �š�Z���� �î�à�Ö�� �š���Œ�u�U�� �Á�]�š�Z��
�õ�î�9�� �}�(�� �š�Z���u�X�� ���o�o�� �•�š�µ�����v�š�•�� �Á���Œ���� �Á�]�o�o�]�v�P�� �š�}�� ���}�o�o�����}�Œ���š���U��
showing total enthusiasm, good will and motivation 
either for the activities developed or for the fulfillment 
�}�(���š�Z�����‹�µ���•�š�]�}�v�v���]�Œ���•�X

Figure 1: �Z���•�µ�o�š�•�� �}�v�� �Y�µ���•�š�]�}�v��
1: Motivation for learning

Figure 2: �Z���•�µ�o�š�•�� �}�v�� �Y�µ���•�š�]�}�v��
2: Impact in the students 
�Z�‰�Œ�}�����š�]�À�]�š�Ç�[

Figure 3: �Z���•�µ�o�š�•�� �}�v�� �Y�µ���•�š�]�}�v��
3: Impact in the student 
�o�����Œ�v�]�v�P�X
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The impacts and evidence of proactivity are visible with 
�õ�õ�9�� �}�(�� �š�Z���� �•�š�µ�����v�š�•�U�� ���•�� �•�Z�}�Á�v�� �]�v�� �&�]�P�µ�Œ���� �î�U�� ���v���� �v���Á��
learning convictions with thematic specification were 
�Œ���À�����o���������Ç���í�ì�ì�9���}�(���š�Z���u���]�v���&�]�P�µ�Œ�����ï�X
As Figure 3 reveals, the evolution of plants was an item 
learned represented a new approach achieved with 
success, and not previewed by the curricula, as is also 

���}�Œ�Œ�}���}�Œ���š���������Ç���š�Z�������v�•�Á���Œ�•���]�v���&�]�P�µ�Œ�����ð�X
The results of Figure 4 show complementarity of the 
�‹�µ���•�š�]�}�v�•���]�v���ð�X�í�����v�����ð�X�î�X�U���•�Z�}�Á�]�v�P���Z�]�P�Z���o���À���o���}�(���•���š�]�•�(�����š�]�}�v��
of the students in the different items expressed and 
�‰���Œ�(�}�Œ�u�����X�� ���•�� �•�Z�}�Á�v�� �]�v�� �&�]�P�µ�Œ���� �ñ�� �š�Z���Œ���� �Á���Œ���� �ô�õ�9�� �}�(��
students that demonstrated satisfaction in the activities 
experienced, in the classes’ format, the products created 

Figure 5:�������Z���•�µ�o�š�•���}�v���Y�µ���•�š�]�}�v��
5: Improvement suggestions

Figure 4:�����Z���•�µ�o�š�•���}�v���Y�µ���•�š�]�}�v��
4: Satisfaction with the 
�u���š�Z�}���}�o�}�P�Ç�X�� �� �ð�X�í�� �r�� �W�}�•�]�š�]�À����
�‰�}�]�v�š�•�� ���v���� �ð�X�î�X�� �r�� �E���P���š�]�À����
points
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Figure 6:   Work produced on 
Topic 1: Plant diversity outside 
and inside classroom

���r�����Æ���u�‰�o���•���}�(���š�Z�����t�}�Œ�l���‰�Œ�}���µ�����������Ç���š�Z�����ñ�æ�Ú���P�Œ���������•�š�µ�����v�š�•���}�v���š�Z�����•���À���v�����µ�Œ�Œ�]���µ�o���Œ���š�}�‰�]���•�����v�����/���^�����•���•�•�]�}�v�•

Figure 7:   Work produced on Topic 2 and 3: The leaves and the flowers outside and inside classroom

Figure 8:�������t�}�Œ�l���‰�Œ�}���µ���������}�v���d�}�‰�]�����ð�W���^�š���u�•�U���(�}�Œ�u�����v�����(�µ�v���š�]�}�v���}�(���š�Z�����‰�o���v�š���}�Œ�P���v�•�U���}�µ�š�•�]���������o���•�•�Œ�}�}�u�X
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Figure 10:   Work produced 
on Topic 6: Classification and 
�š���Æ�}�v�}�u�Ç���}�µ�š�•�]���������o���•�•�Œ�}�}�u�X

Figure 9:   Work produced on 
Topic 5: The cells and DNA 
extraction, at the lab
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and would like to have continuity in this type of classes 
���µ�Œ�]�v�P�� �š�Z���� �v���Æ�š�� �Ç�����Œ�•�� �š�}�� ���}�u���X�� �^�š�µ�����v�š�•�[�� �‰���Œ�����‰�š�]�}�v�•��
were very positive in all fields, by the general high marks 
�����Z�]���À�������]�v���š�Z�������v�•�Á���Œ�•���Z�‰���Œ�����v�š���P���•�U�����v�����š�Z�����}�µ�š���}�u���•��
�‰�Œ�}���µ�������U�����•���Á�]�o�o���������•�µ�‰�‰�}�Œ�š���������Ç���š�Z�����v���Æ�š�����Æ���u�‰�o���•�X

	 C- Teacher’s Interview 
The teacher’s opinion on the educative experience 
�Á���•�� ���Æ�‰�Œ���•�•������ �]�v�� �š�Z���� �(�]�v���o�� �]�v�š���Œ�À�]���Á�X�� �'���v���Œ���o�o�Ç�U�� �š�Z����
considerations related to the maintenance and obedience 
to the curricular programs and only a change in the usual 
�•���‹�µ���v������ �}�(�� �š�Z���� �‰�Œ�}�P�Œ���u�� �]�š���u�•�U�� �o�]�v�l�]�v�P�� �š�}�� �����]�o�Ç�� �Œ�����o�]�š�Ç�X��
Teacher commented that there was a better use of the 
�•���Z�}�}�o���Œ���•�}�µ�Œ�����•���~���X�P�X���r���u�}�v�]�š�}�Œ�]�v�P���}�(���š�Z�������Ç���o�������À�}�o�µ�š�]�}�v��
and morphology of plants in the gardens) with the great 
opportunity to share experience and knowledge with 

�š�Z���� �}�š�Z���Œ�� �š�������Z���Œ�� �‰���Œ�š�v���Œ�X�� ���o�•�}�U�� ���� �P�}�}���� ���v���� ���v�Œ�]���Z�]�v�P��
collaboration in the educative process was expressed 
by improvement of the student’s satisfaction and the 
learning achieved, as this format was well received by 
them and generated a differentiated and enthusiastic 
�Œ���•�‰�}�v�•���� ���v�Z���v���]�v�P�� �š�Z���u�� �š�}�� �o�����Œ�v�� �Á�]�o�o�]�v�P�o�Ç�X�� �d�Z���� �v���Á��
educative tools and strategies constitute very positive 
points as there was creativity in the work produced and 
that is reproducible, being these considered one of the 
�����•�š�������µ�����š�]�À�������š�š���]�v�u���v�š�•�X
On this experience, the teacher could consider three 
main points: a professional improvement; a creative, 
complete and innovative alternative for Natural Sciences 
in Primary Education; and new educative products to be 
�(�µ�v���š�]�}�v���o���]�v���(�µ�Œ�š�Z���Œ�����o���•�•���•�X

CONCLUSION
The novelty of this study relies on a plan integrated 
during one complete scholar calendar in the current 
Portuguese school format, not disturbing the 
organization of the lessons neither in terms of time nor 
���µ�Œ�Œ�]���µ�o�µ�u���������}�u�‰�o�]�•�Z�u���v�š�X���/�š���Á���•���‰�}�•�•�]���o�����š�}�����u�‰�}�Á���Œ��
the students, making them the main protagonists of the 
�����µ�����š�]�}�v���‰�Œ�}�����•�•�����Ç�����������Ç�r�š�}�r�����Ç�����]�•���}�À���Œ�Ç���}�(���u�����v�]�v�P�•�U��
interpretation, understanding and assessment of the 
�����•���r�•�š�µ���]���•�����š���•���Z�}�}�o�U���������}�Œ���]�v�P���š�}���š�Z�������µ�Œ�Œ�]���µ�o�����š���Œ�P���š�•�X��

���Ç���µ�•�]�v�P�����v�������Æ�‰�o�}�Œ�]�v�P���š�Z�����^�v���š�µ�Œ�����Œ�����o�]�š�Ç�_�����Æ�‰�Œ���•�•�������]�v��
the gardens, laboratories and resources of the School, 
knowledge was stimulated, and also the fascination and 
awareness for the importance, diversity and sustainability 
�}�(�� ���o�o�� �o�]�À�]�v�P�� �}�Œ�P���v�]�•�u�•�X�� ���v�� �]�u�‰�}�Œ�š���v�š�� ���u�‰�Z���•�]�•�� ���v���� ���v��
innovation for the plant’s knowledge was undertaken as 
crucial, as sometimes this is an item under consideration 
���Ç���š�Z���������µ�����š�]�À�������}�u�u�µ�v�]�š�Ç�X��
Reinforcing and refreshing the formal context of the 

Figure 11:   Work produced 
on Topic 7: Explorers 
outside classroom and the 
construction of a dichotomous 
key for plants
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school, this research in partnership on educational 
practice of the Portuguese educative systems, could link 
the universities with school, teacher, students and all the 
school community, producing professional satisfaction 
and innovation for the teacher and the school, and 
���� �P�o�}�����o�� �‰�Œ���‰���Œ���š�]�}�v�� �}�(�� �š�Z���� �•�š�µ�����v�š�•�X�� �Z���P���Œ���]�v�P�� �š�Z����
���À���Œ�Ç�����Ç�� �(���u�]�o�Ç�� ���}�o�o�����}�Œ���š�]�}�v�� �]�v�� �š�Z���� �Z�}�u���r�Á�}�Œ�l�� ���v����
cultural and social practices within the school community 
and the final year party (Table 1), besides amplified 
emotional engagement with science by new interactions 
�Á�]�š�Z�� �•�š�µ�����v�š�•�� �~���µ�v�}�o���� ���š�� ���o�X�U�� �î�ì�í�ï�V�� �&�o�����Œ�� ���š�� ���o�X�U�� �î�ì�í�ò�•�U��
could linked wiliness and partnership to learn and to 
achieve tasks, empowered by a group team work efforts, 
�����‰�}�•�]�š�]�À�����‰�}�]�v�š���Œ���(���Œ�����o�•�}�����Ç���•�š�µ�����v�š�•���]�v���&�]�P�µ�Œ�����ð�X
As our practices evidences reveal, the current education 
�•�Ç�•�š���u�� ���o�o�}�Á�•�� �]�v�š���P�Œ���š�]�v�P�� �v�}�v�r�(�}�Œ�u���o�� ���v���� �]�v�(�}�Œ�u���o��
elements that should be gradually incorporated by formal 
education, so as continually to meet the needs of student 
���v���� �š�������Z���Œ�U�� ���v���� �}�(�� �š�Z���� �]�v���]�À�]���µ���o�� ���v���� �•�}���]���š�Ç�� �Œ�����o�]�š�]���•�X��
Teachers did not feel reluctant to use outdoor resources 
���•�� ���� �š�������Z�]�v�P�� ���v�À�]�Œ�}�v�u���v�š�U�� ���•�� �Á���o�o�� ���•�� �š�Z���� �•�š�µ�����v�š�•�X��
On the contrary, they always felt very comfortable and 
enthusiastic any time they went out of the classroom, 
a particularly efficient action when students produce 
the labelling of the school gardens (Table 1; Figures 
�ï�U�� �ð�U�� �ò�� ���v���� �í�ì�•�X�� �^�]�u�]�o���Œ�o�Ç�U�� �š�Z�]�•�� �����•���� �•�š�µ���Ç�� �‰�}�]�v�š�•�� �š�}�� �š�Z����
���µ�Œ�Œ���v�š�� ���v���� �Œ�����o�� �‰�}�•�]�š�]�À���� �‰�}�•�•�]���]�o�]�š�Ç�� �}�(�� ���Œ�}�•�•�]�v�P�� �v�}�v�r
formal Science classes outdoors with IBSE, respecting 
�š�Z���� �(�}�Œ�u���o�� ���µ�Œ�Œ�]���µ�o���Œ�� �����À���o�}�‰�u���v�š�X�� �d�Z���� �š�������Z���Œ�� �•�š���š������
that the formalisms was relevant to organize, to plan 
and monitoring the state of the students’ knowledge, 
���•���u�µ���Z�����•���v�}�v�r�(�}�Œ�u���o���(�����š�µ�Œ���•�������}�‰�š�]�}�v�U���o�]�l�������o�š���Œ���š�]�}�v��
of the order in the curricula items presentation, being 
all decisions made to make Science lessons more 
compatible with alive outside resources, that is to say, 
�Á�]�š�Z���Á�}�Œ�o�����Œ�����o�]�š�Ç���}�µ�š���}�}�Œ�•�X

As futures perspectives the Science museums, botanic 
gardens or school gardens are paramount as outside 
classroom settings for Natural Science teaching and 
�o�����Œ�v�]�v�P�� �‰�Œ�����š�]�����•�X�� �d�Z���� �o���•�•�}�v�� �‰�o���v�•�� ���v���� �Œ���•�}�µ�Œ�����•��
produced are replicable and instruments to other 
educational communities and the achieved outcomes 
even justify the proposal for a new curricular unit on 
botany, at first grade primary school level, on simple 
concepts of the differentiation and the evolution of the 
�‰�o���v�š�•�X���&�]�v���o�o�Ç�U�����v�������•�����}�š�Z���š�Z�����š�������Z���Œ�����v�����š�Z�����•�š�µ�����v�š�•��
referred, Science outside classroom with IBSE should be 
�����}�‰�š�������}�v�������Œ���P�µ�o���Œ�������•�]�•�����š���^���Z�}�}�o�X��
An open system with different environment arrangements 
�����v�� ���v���� �•�Z�}�µ�o���� ������ �����}�‰�š������ �š�}�� ���o�o�}�Á�� �š�Z���� � �̂��v�š�Œ���v�����_�� �}�(��
more creativity and a diversity of thinking, opinion and 
points of view, dealing with IBSE methodology indications, 
empowering the initial interest level and motivation of 
�•�š�µ�����v�š�•�X���d�}���µ�•�����š�Z�����P���Œ�����v�•���}�(���š�Z�����•���Z�}�}�o�U���(�}�Œ���š�Z�����•�š�µ���Ç��
and understanding of plants’ morphology and diversity, 
adapting the circumstances and educational models to 
the concepts to be taught, was an example to meet their 
expectations and needs and provide them the more 
�������‹�µ���š���� �]�v�•�š�]�š�µ�š�]�}�v���o�� �•�µ�‰�‰�}�Œ�š�� ���v���� �Œ���•�}�µ�Œ�����•�X�� �Z���o���Ç�]�v�P��
�]�v�š�}���š�Z�����v���š�µ�Œ���o���Œ���•�}�µ�Œ�����•�����v�����^�š�}�}�o�•�[�[���}�(���š�Z�����^�Œ�����o���Á�}�Œ�o���_��
around us, changing every day, reality is a true question 
to follow and new Nature interpretations and meanings 
�����v�������Z�]���À�����Œ���o���À���v�š�����v�•�Á���Œ�•���š�}���Œ�����o���‰�Œ�}���o���u�•�X
The students are by nature curious and eager for news, 
ready for the curiosities around them, and for the 
�u�}�u���v�š�X���t�Z�Ç���v�}�š���µ�•�����š�Z�����‰�}�Á���Œ�(�µ�o�����Z���v�P�]�v�P���Œ�����o�]�š�Ç���š�Z���š��
nature permanently gives us every moment, to know, to 
�]�v�š���Œ�‰�Œ���š�� ���v���� �š�}�� �(�}�µ�v���� �l�v�}�Á�o�����P���M�� ���Ç�� ���Á���l���v�]�v�P�� ���v����
building tastes and trends for their paths, students draw 
their personal tendencies early on in their careers for the 
�(�µ�š�µ�Œ���X
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�����µ���������}�� ������ �h�v�]�À���Œ�•�]���������� �����š�•�o�]������ ���}�� �W�}�Œ�š�}�U�� �����v�š�Œ�}�� ������
���•�š�µ���}�•�� ���u�� �����•���v�À�}�o�À�]�u���v�š�}�� �,�µ�u���v�}�X�� �K�v�r�o�]�v���W�� �Z�š�š�‰�W�l�l
�Á�Á�Á�X���µ�u�����X�v���š�l�o�]���Œ�}�•�l�o�]���Œ�}�X�‰�Z�‰�M�]���A�í�ò�ò�ò�� �~���������•�•������
���������u�����Œ�� �î�ô�U�� �î�ì�í�ó�•�X�� �����]�š�]�}�v�� ���Ç�� ���µ�š�Z�}�Œ�U�� �h�v�]�À���Œ�•�]�š�]���•�� �}�(��
���}�]�u���Œ�������v�����W�}�Œ�š�}���>�]���Œ���Œ�]���•�W�����}�]�u���Œ���U���W�}�Œ�š�}�X
�d���À���Œ���•�U�����X���X���~�î�ì�í�ô�•�����]���o�}�P�}���u�µ�•���}�o�•�P�]���}���]�v�š���Œ���]�•���]�‰�o�]�v���Œ��
���u�� �‰�Œ�}�o�� ������ ���]�}���]�À���Œ�•�]���������W�� �µ�u�� ���À���v�š�}�� �‰���Œ�(�}�Œ�u���š�]�À�}�X��
Aula, Museos y Colecciones de Ciencias Naturales. In 
�‰�Œ���•�•�X
�d���À���Œ���•�U�� ���X���X�U�� �^�]�o�À���U�� �^�X�� �˜�� �����š�š���v���}�µ�Œ�š�U�� �d�X�� �~�î�ì�í�ñ�•��
Advantages of Science Education Outdoors through IBSE 
�D���š�Z�}���}�o�}�P�Ç�X���/�v���W�X�����o���•�•�]�v�P���Œ�U���:�X���D�X�������Œ�(�}�Œ�����~�����•�X�•�U���/nquiry-
Based Learning for Science, Technology, Engineering, 
and Math (Stem) Programs: A Conceptual and Practical 
Resource for Educators, �s�}�o�X�� �ð�� �~�‰�‰�X�í�ñ�í�t�í�ò�õ�•�X�� ���]�v�P�o���Ç�W��
���u���Œ���o���� �'�Œ�}�µ�‰�� �W�µ���o�]�•�Z�]�v�P�� �>�]�u�]�š�����X�� ���}�]�l�í�ì�X�í�í�ì�ô�l
�^�î�ì�ñ�ñ�r�ï�ò�ð�í�î�ì�í�ñ�ì�ì�ì�ì�ì�ì�ð�ì�í�ì
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ABSTRACT
�,�µ�u���v�•�����Œ�����������}�u�]�v�P�����v���µ�Œ�����v���•�‰�����]���•�X���>�]�À�]�v�P���]�v���o���Œ�P�������]�š�]���•�������v���Œ�����µ�������]�v�š�]�u���š�������}�v�š�����š���Á�]�š�Z���š�Z�����v���š�µ�Œ���o���Á�}�Œ�o�����š�Z�µ�•��
�‰�o�����]�v�P���P�Œ�����š���Œ�����u�‰�Z���•�]�•���}�v���Z�‰�Œ���•���v�š�������v���š�µ�Œ���[���•���š�š�]�v�P�•�U���•�µ���Z�����•���Ì�}�}�•�U�����}�š���v�]�����P���Œ�����v�•�����v�����v���š�µ�Œ���o���Z�]�•�š�}�Œ�Ç���u�µ�•���µ�u�•�X��
���}�š���v�]�����P���Œ�����v�•���‰�Œ�}�À�]�������}�‰�‰�}�Œ�š�µ�v�]�š�]���•���(�}�Œ�������•�š�Z���š�]�����]�v�š���Œ�����š�]�}�v�•���Á�]�š�Z���š�Z�����‰�o���v�š���Á�}�Œ�o���X���,�}�Á���À���Œ�U���‰�Œ���À�]�}�µ�•���Œ���•�����Œ���Z��
�Z���•�������u�}�v�•�š�Œ���š�������š�Z���š���Z�‰�o���v�š�����o�]�v���v���•�•�[�������v���]�v�Z�]���]�š���Z�µ�u���v���‰���Œ�����‰�š�]�}�v�•���}�(���‰�o���v�š�•�X���/�v���Œ�����•���������Æ�š�]�v���š�]�}�v���o���À���o�•���u�����v��
�š�Z�����Á�}�Œ�o���������v���v�}���o�}�v�P���Œ�����(�(�}�Œ�����}�µ�Œ�����]�š�]�Ì���v�•���š�}���•�������Z�v�}�š�Z�]�v�P�[���Á�Z���v���š�Z���Ç���o�}�}�l�����š���‰�o���v�š�•�U���š�Z���������•�]�•���}�(���u�}�•�š���o�]�(�����}�v�������Œ�š�Z�X��
�����•�‰�]�š���������l���Ç�������µ�����š�]�}�v���o���Œ�}�o�����]�����v�š�]�(�]�������]�v���š�Z�����'�o�}�����o���^�š�Œ���š���P�Ç���(�}�Œ���W�o���v�š�����}�v�•���Œ�À���š�]�}�v���î�ì�í�í�t�î�ì�î�ì�U�����}�š���v�]�����P���Œ�����v�•�U��
���v�������o�o�]�������•���š�š�]�v�P�•�U���Z���À�����Œ�������]�À�������o�]�u�]�š�������Œ���•�����Œ���Z�����š�š���v�š�]�}�v�X���'�]�À���v���š�Z�������Œ�]�š�]�����o���Œ�}�o�����}�(���‰�o���v�š�•���]�v�������}�•�Ç�•�š���u���Œ���•�]�o�]���v������
�]�š�� �]�•�� �]�u�‰���Œ���š�]�À���� �š�}�� �u�}�š�]�À���š���� �š�������Z�]�v�P�����v���� �o�����Œ�v�]�v�P���š�Z���š�� �����v�� �u�}�À���� �����Ç�}�v���� �Z�‰�o���v�š�� ���o�]�v���v���•�•�[�� �š�}�Á���Œ���•�� ���Æ�‰���Œ�]���v�����•�� �]�v��
�Á�Z�]���Z���š�������Z���Œ�•�����v�����o�����Œ�v���Œ�•���•�������š�Z�����]�u�‰�}�Œ�š���v�������}�(���‰�o���v�š�•���(�}�Œ�������•�µ�•�š���]�v�����o�����Á�}�Œ�o���X�����}�v�š���u�‰�}�Œ���Œ�Ç���Œ���•�����Œ���Z���•�}�µ�Œ�����•��
�•�µ�P�P���•�š���š�Z���š���u�µ�o�š�]�u�}�����o�����v�����•���v�•�}�Œ�]�������Æ�‰���Œ�]���v�����•���]�v���Z�‰�Œ���•���v�š�������v���š�µ�Œ���[���•���š�š�]�v�P�•���u�]�P�Z�š�����Œ�����š�����•�Z�]�(�š�•�����Á���Ç���(�Œ�}�u���‰�o���v�š�r
���o�]�v���v���•�•���š�}�Á���Œ���•���Œ�������]�v�P���š�Z�����]�u�‰�}�Œ�š���v�������}�(���‰�o���v�š�•�X���d�Z�����‰���‰���Œ���‰�Œ���•���v�š�•�����v���}�À���Œ�À�]���Á���}�(���‰�Œ���o�]�u�]�v���Œ�Ç���l���Ç���(�]�v���]�v�P�•���(�Œ�}�u��
�����Œ�������v�š�o�Ç�����}�u�‰�o���š�������š�Z�Œ�����r�Ç�����Œ���]�v�š���Œ���]�•���]�‰�o�]�v���Œ�Ç���Œ���•�����Œ���Z���•�š�µ���Ç���Z�����Ç�}�v�����W�o���v�š�����o�]�v���v���•�•���t���•�����]�v�P���š�Z�����]�u�‰�}�Œ�š���v�������}�(��
�‰�o���v�š�•���(�}�Œ�������•�µ�•�š���]�v�����o�����Á�}�Œ�o���[�U���(�µ�v�����������Ç���d�Z�����^�Á�����]�•�Z���Z���•�����Œ���Z�����}�µ�v���]�o���~���v�Œ���î�ì�í�ð�r�î�ì�í�ï�•�X���d�Z�������À���Œ�Ç�����Ç���o�]�(�����}�(�������‰�o���v�š��
�����v�����‰�‰�����Œ���š�}���������•�š���š�]�������v�����•�]�o���v�š���š�}���Z�µ�u���v���‰���Œ�����‰�š�]�}�v�X�����v�����Ç���š�U���u�}�����Œ�v���•���]���v�������š���o�o�•���µ�•���š�Z���š���‰�o���v�š�•���o�]�À�����]�v�����}�u�‰�o���Æ�U��
���v�����}�(�š���v���•�}���]���o�U���Á�}�Œ�o���•�X���Z���u�}�À�]�v�P���‰�o���v�š�•���(�Œ�}�u���š�Z�����Z�µ�u���v���À�]���Á���u���l���•���]�š�������•�]���Œ���(�}�Œ���µ�•���š�}�����Æ�‰�o�}�]�š���š�Z���u�����µ�š���Œ�����µ�����•��
our ability to see into their worlds; how might taking a different view improve our understanding and sensitivity to the 
�o�]�À���•���}�(���‰�o���v�š�•�M���/�v���š�Z�]�•���‰���‰���Œ���Á���������u�}�v�•�š�Œ���š�����š�Z�����À���o�µ�����}�(�����}�v�v�����š�]�v�P���Á�]�š�Z���‰�o���v�š�•���š�Z�Œ�}�µ�P�Z���•���v�•�}�Œ�Ç���]�v�š���Œ�����š�]�}�v�•���Á�]�š�Z��
�o�]�À�]�v�P���•�‰�����]�u���v�•�U�����Œ�š�]�•�š�]���� ���v���� �•���]���v�š�]�(�]���� �v���Œ�Œ���š�]�À���•�� ���v���� ���(�(�]�Œ�u���š�Z�����]�u�‰�}�Œ�š���v������ �}�(�� �À�]�•�µ���o���u���š�Z�}���•���}�(�� ���}�u�u�µ�v�]�����š�]�}�v�X��
Moreover, we show the power of memories and emotions in building personal connections between plants and 
people, and the strength of aesthetic reasons for connecting with a favourite plant, thus we provide possibilities for 
�‰�o���v�v�]�v�P���(�µ�š�µ�Œ�����À�]�•�]�š�}�Œ���]�v�š���Œ�����š�]�}�v�•���Á�]�š�Z�����}�š���v�]�����o�����}�o�o�����š�]�}�v�•�X
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INTRODUCTION
�d�Z���� �•���u�‰�o���� �}�(�� �Œ���•�����Œ���Z�� �‰���Œ�š�]���]�‰���v�š�•�� �]�v�� �š�Z�]�•�� �š�Z�Œ�����r
year study focuses on student teachers studying at 
Gothenburg University and everyday visitors to the two 
institutions Universeum Science Centre and Gothenburg 
���}�š���v�]�����'���Œ�����v�X���d�Z�����u���]�v���Œ���•�����Œ���Z���‹�µ���•�š�]�}�v���Á���•�W���Á�Z���š��
impacts do presented nature settings a) with animals 
���•�� �Á�]�š�Z�}�µ�š�� ���v�]�u���o�•�� �Z���À���� �}�v�� �‰�o���v�š�r�����•������ �o�����Œ�v�]�v�P��
���Æ�‰���Œ�]���v�����•�M���d�Z�]�•���‹�µ���•�š�]�}�v���Á���•���]�v�À���•�š�]�P���š������in situ in the 
�š�Á�}�����(�}�Œ���u���v�š�]�}�v�������Z�‰�Œ���•���v�š�������v���š�µ�Œ���[���•�]�š���•�X���d�Z�Œ�������•�µ���r
questions underpinned these main questions:

	 �í�X�� �,�}�Á�� �u�]�P�Z�š�� �‰�o���v�š�r�����•������ �•���v�•�}�Œ�]���� ���Æ�‰���Œ�]���v�����•��
�]�v�(�o�µ���v�������Z�µ�u���v���‰���Œ�����‰�š�]�}�v�•���}�(���‰�o���v�š�•�M
	 �î�X�� �,�}�Á�� �u�]�P�Z�š�� �•�š�}�Œ�Ç�r�����•������ �•���]���v�š�]�(�]���� �v���Œ�Œ���š�]�À���•��
���}�v�����Œ�v�]�v�P���]�v���]�À�]���µ���o���‰�o���v�š�•���]�u�‰�����š���}�v���Z�‰�o���v�š�r���o�]�v���v���•�•�[��
�]�v�����]�������š�]�����o���•�]�š�µ���š�]�}�v�•�M
	 �ï�X�����Ç���[�o�}�}�l�]�v�P���š�Z�Œ�}�µ�P�Z�����v�����Œ�š�]�•�š�]�����o���v�•�[���]�•���]�š���‰�}�•�•�]���o�����š�}��
���‰�‰�Œ�����]���š���l�]�����v�š�]�(�Ç���‰�o���v�š�•���]�v���v���Á���Á���Ç�•�M
Our working hypothesis was that multimodal and sensoric 
���Æ�‰���Œ�]���v�����•�� �]�v�� �ò�‰�Œ���•���v�š������ �v���š�µ�Œ���[�� ���v�À�]�Œ�}�v�u���v�š�•�� �Á�]�o�o��
���Œ�����š���� �•�Z�]�(�š�•�� �]�v�� �‰���Œ�����‰�š�]�}�v�� ���Á���Ç�� �(�Œ�}�u�� �ò�‰�o���v�š�� ���o�]�v���v���•�•�ò��
towards seeing the importance of plants for a sustainable 
�Á�}�Œ�o���X
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MATERIAL AND METHODS
The research team brings together specialists in 
�����µ�����š�]�}�v�U�� �š���Æ�}�v�}�u�]���� �•���]���v������ ���v���� ���Œ�š�r�����•������ �Œ���•�����Œ���Z�X��
This interdisciplinary focus is considered a critical 
element of our approach, which is centred on the notion 
�}�(���Œ�������]�v�P���š�Z�����•�š�}�Œ�Ç���}�(���^�>�]�(���� ���•���W�o���v�š�_�����v�����]�v���o�µ�����������Œ�š�r
based research installations in Gothenburg Botanic 
�'���Œ�����v�X���K�µ�Œ���•�š�µ���Ç�����Œ���Á�•���}�v���‹�µ���o�]�š���š�]�À�������v�����‹�µ���v�š�]�š���š�]�À����
data from four different research methods:
•	 An online survey 
•	 Mapped conversations in two scientific education 

centres 
•	 Recorded impressions at three specific art installations 

constructed by artist members of the research team 
•	 Written responses to three science posters developed 

���Ç���š�Z�����•���]���v�š�]�•�š���u���u�����Œ���}�(���š�Z�����Œ���•�����Œ���Z���‰�Œ�}�i�����š�X

Swedish was the main language used in the research 
interactions, although, in the case of some everyday 
visitors and the scientific posters English was the 
�o���v�P�µ���P���� �µ�•�����X�� �d�����o���� �í�� �•�Z�}�Á�•�� �š�Z���� �‰���Œ�š�]���]�‰���v�š�� �•���u�‰�o���•��
�]�v�À�}�o�À�������]�v���������Z���•�š�Œ���v�����}�(���š�Z�����•�š�µ���Ç�X��

	 Scientific themes
�^�]�Æ���š�Z���u���•���Á�]�š�Z���•�‰�����]���o�����u�‰�Z���•�]�•���}�v���Z�‰�o���v�š�v���•�•�[���~�����Œ�o���Ç�U��
�í�õ�õ�ì�•���Á���Œ�����•���o�����š�����W���Œ���‰�Œ�}���µ���š�]�}�v�U���o�}�v�P���À�]�š�Ç�U���•�Ç�u���]�}�•�]�•��
(narrow sense), competition, defence, and facilitation 
�~�&�]�P�X���í�•�X���d�Z�����}�À���Œ���o�o���‰�µ�Œ�‰�}�•�����}�(���š�Z�����•���]���v�š�]�(�]�����v���Œ�Œ���š�]�À���•���]�•��
to mediate the fact that plants, despite their seemingly 
sessile and silent nature, are indeed living organisms that 
�Z���À���������Z���À�]�}�µ�Œ�•�����}�u�‰���Œ�����o�����š�}���š�Z�}�•�����}�(�����v�]�u���o�•�X
For a first presentation of the scientific narratives, 
posters highlighting the themes reproduction, longevity 
���v�������}�u�‰���š�]�š�]�}�v���Á���Œ�����‰�Œ�}���µ���������~�&�]�P�X���î�•�X���d�Z�����Z�������]�v�P���}�(��
each poster was phrased as a question, in order to create 
interest by the reader, and the heading was followed by 

���� �‰�Œ�����u���o���� �~�d�����o���� �î�•�X�� �d�Z���� �‰�}�•�š���Œ�•�� �Á���Œ���� �]�o�o�µ�•�š�Œ���š������ �Á�]�š�Z��
�ð�t�ñ���‰�Z�}�š�}�P�Œ���‰�Z�•���}�(���š�Z�����}�Œ�P���v�]�•�u�•���µ�•���������•�������•�����•�š�µ���]���•�X��
�&�]�P�µ�Œ���� �����‰�š�]�}�v�•�� ���}�µ�v�š������ �ñ�t�ò�ñ�� �Á�}�Œ���•�U�� �]�v�� �š�}�š���o�� �ð�ì�t�ò�ñ��
�Á�}�Œ���•���(�}�Œ���������Z���‰�}�•�š���Œ�X���d�Z�������Æ�‰�o���v���š�}�Œ�Ç���š���Æ�š�•�����•�•�}���]���š������
�Á�]�š�Z�� �������Z�� �����•���� �•�š�µ���Ç�� ���}�µ�v�š������ �ñ�ì�t�í�ñ�ì�� �Á�}�Œ���•�U�� �]�v�� �š�}�š���o��
�ð�ð�ì�t�ð�õ�ì�� �Á�}�Œ���•�� �‰���Œ�� �‰�}�•�š���Œ�X�� �&�]�P�µ�Œ���� �î�� �•�Z�}�Á�•�� �š�Z���� �u�}�•�š��
�‰�}�‰�µ�o���Œ���‰�}�•�š���Œ�X

	 Three artwork installations
The artwork connects to two of the scientific themes; 
�Œ���‰�Œ�}���µ���š�]�}�v�� ���v���� ���}�u�‰���š�]�š�]�}�v�X�� �/�v�� �'�}�š�Z���v���µ�Œ�P�� ���}�š���v�]����
�'���Œ�����v���š�Z�������Œ�š�]�•�š�•���~�^�v�
���i�‚�Œ�v�•���•�š�š�]�Œ�l
�t�]�o�•�}�v�•�� �u�������� �š�Z�Œ������ ���Œ�š�r�����•������ �]�v�•�š���o�o���š�]�}�v�•�� �Z�š�š�‰�W�l�l
�•�v�������i�}�Œ�v�•���}�š�š�]�Œ�Á�]�o�•�}�v�X���}�u�l�����š���P�}�Œ�Ç�l�‰�Œ�}�i�����š�•�l�����Ç�}�v���r
�‰�o���v�š�r���o�]�v���v���•�•�l�X�� �d�Z���� �(�]�Œ�•�š�� �]�v�•�š���o�o���š�]�}�v�� �Á���•�� �•�]�š�µ���š������ �]�v�� ����
gallery in which photographs, using scanning electron 
microscope images, of detailed structures of seeds 
were foregrounded over their adult forms with their 
�Z�µ�u���v�� ���}�o�o�����š�}�Œ�[�•�� �•�š�}�Œ�Ç�� �������}�u�]�v�P�� ���� �(�}�}�š�v�}�š���X�� �d�Z���•����
�•�������� ���]�}�P�Œ���‰�Z�]���•�� �}�����µ�‰�]������ �}�v���� �Á���o�o�� �}�(�� �š�Z���� �P���o�o���Œ�Ç�X�� �/�v��
the same room the growing form of each seed was 
presented; textual connections between the living plant 
and represented seeds visitors met on the wall of the 
gallery were offered by the plant labels in the growing 
�•�������� ���}�v�š���]�v���Œ�•�X�� �/�v�� �š�Z���� �•�����}�v���� �]�v�•�š���o�o���š�]�}�v�U�� �‰�o���������� �]�v�� ����
�o���Œ�P�����Á�}�}�����v�������Œ�v�r�o�]�l�������µ�]�o���]�v�P�U���}�v�����•�‰�����]�(�]�����•�������U���^�š�]�‰����
pennata, was magnified, through the use of a scanning 
���o�����š�Œ�}�v�� �u�]���Œ�}�•���}�‰���X�� �d�Z���� �‰�Œ�]�v�š������ �•�������� �]�u���P���� �Á���•��
suspended over a large area of the building exposing its 
complex form to public scrutiny only to vanish in a richly 
coloured meadow in the next, and final, installation 
�}�����µ�‰�Ç�]�v�P�� ���� �Œ���]�v�� �•�Z���o�š���Œ�X�� �d�Z�µ�•�U�� �Œ���‰�Œ�}���µ���š�]�À���� �•�š�Œ�µ���š�µ�Œ����
and adaptation were focused on in installations one 
and two whilst the plant’s competitive struggle amongst 
�u���v�Ç���‰�o���v�š���(�}�Œ�u�•���Á���•���]�v���(�}���µ�•���]�v���]�v�•�š���o�o���š�]�}�v���š�Z�Œ�����X

RESULTS
As this is a presentation of preliminary key findings from 
���� �•�µ���•�š���v�š�]���o�� �š�Z�Œ�����r�Ç�����Œ�� �•�š�µ���Ç�� �Á���� ���}�� �v�}�š�� �‰�Œ���•���v�š�� ���� �(�µ�o�o��
body of results here, but highlight those seen to be of 
�‰���Œ�š�]���µ�o���Œ�� �Œ���o���À���v������ �š�}�� �š�Z���� ���}�š���v�]���� �P���Œ�����v�� ���}�u�u�µ�v�]�š�Ç�X��
Thus we focus on two particular questions in the online 
survey, an overview of responses to the botanic garden 
artworks and a summary of responses to the scientific 
�‰�}�•�š���Œ�•�X���&�µ�Œ�š�Z���Œ�����v���o�Ç�•�]�•�����v�������]�•�•���u�]�v���š�]�}�v���Á�}�Œ�l�����Ç���š�Z����
�Œ���•�����Œ���Z���š�����u���u���u�����Œ�•���]�•���]�v���‰�Œ�}�P�Œ���•�•�X

	 Online Survey
	 Favourite Plants
Two hundred and two student teachers participated in 
���v�� �}�v�o�]�v���� �•�µ�Œ�À���Ç�� �µ�•�]�v�P�� �� �^�^�µ�Œ�À���Ç�� �D�}�v�l���Ç�_�X�� �d�Z���� �•�µ�Œ�À���Ç��
�š�}�}�l���‰�o���������}�À���Œ�������‰���Œ�]�}�����}�(���š�Á�}���Ç�����Œ�•�X���d�Z�����}�‰���v�r���v��������
questions on favourite plant and favourite animal sought 
students’ views on favourite plant among all plants and 
favourite animal among all animals rather than a simple 
�Z���������š�}���Z�����������}�u�‰���Œ�]�•�}�v���~���X�P�X���<�]�v���Z�]�v�U���í�õ�õ�õ�•�X�������P�Œ�����š���Œ��
number of plants were chosen as a favourite choice 
�š�Z���v�� ���v�]�u���o�•�X�� �d�Z�]�•�� �(�]�v���]�v�P�� ���}�µ�v�š���Œ�•�� �‰�Œ���À�]�}�µ�•�� �•�š�µ���]���•�� �}�(��
�‰�Œ���(���Œ���v�����•�� ���u�}�v�P�� �•���Z�}�}�o�� �•�š�µ�����v�š�•�� �~���X�P�X�� �t���v�����Œ�•�����U��
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�í�õ�ô�ò�•�X�� �� �K�v���� �•�š�µ�����v�š�� �š�������Z���Œ�� �]�v�� �}�µ�Œ�� �•�š�µ���Ç�� �v�}�š������ �š�Z���š��
�š�Z���Ç��� �̂��]�����v�}�š���o�]�l�����‰�o���v�š�•�_�U���š�Z�Œ�������•�š�µ�����v�š���š�������Z���Œ�•��� �̂��}�µ�o����
not choose” and eleven student teachers did not have 
�����(���À�}�µ�Œ�]�š�����‰�o���v�š�X�����u�}�v�P���š�Z�����Œ���u���]�v�]�v�P���•�š�µ�����v�š�•���‰�o���v�š�•��
chosen as favourite appear to form three distinct 
groupings:
�í�X	Generic forms
�î�X	Named Plants
�ï�X	Specific structural features 

The group chosen by eight students we have defined as 
�Z�P���v���Œ�]�����(�}�Œ�u�•�[���]�v���Á�Z�]���Z���Á�����Z���À�����‰�o�����������Œ���•�‰�}�v�•���•���•�µ���Z��
���•�� �^���µ�•�Z�_�U���^�š�Œ�����_�U��� �̂P�Œ���•�•�_�����v���� �^�‰���o�u�_�X���d�Z�]�•�� �(�]�Œ�•�š���P�Œ�}�µ�‰���]�•��
���o�}�•���o�Ç�� �(�}�o�o�}�Á������ ���Ç�� �š�Z���� �P�Œ�}�µ�‰�� �Á���� �Z���À���� �v���u������ �Z�•�‰�����]�(�]����
structural features’, in which, seven students chose 
�^�(�o�}�Á���Œ�•�_�� ���•�� �š�Z���]�Œ�� �(���À�}�µ�Œ�]�š���� �‰�o���v�š�X�� �d�Z���� �o���Œ�P���•�š�� �P�Œ�}�µ�‰�� ���Ç��
�(���Œ���]�•���š�Z�����}�v�����Á�����Z���À���������(�]�v���������•���Z�v���u�������‰�o���v�š�•�[�W�������P�Œ�}�µ�‰��
�}�(���š�Á���v�š�Ç�r�š�Á�}���v���u�������‰�o���v�š�•�X���/�v���š�Z�]�•���o���•�š���P�Œ�}�µ�‰���(���À�}�µ�Œ�]�š����
plants mentioned by more than ten students were Tulip 
(21), Rose (20), Orchid (16) and Wood anemone�� �~�í�î�•�X��
We suggest there is an interesting relationship emerging 
between the top three choices of named plants, all of 
which have a high diversity of floristic features and 
���}�o�}�µ�Œ�•�U�����v�����š�Z�������Z�}�]�������^�(�o�}�Á���Œ�•�_�X��

	 Reasons for choosing favourite plant
The teacher students who chose the top three named 
�‰�o���v�š�•�����v�����š�Z�}�•�����š�Z���š�����Z�}�•�����^�(�o�}�Á���Œ�•�_�����o�]�P�v���Á�]�š�Z���������µ�š�Ç��
�����]�v�P���P�]�À���v�����•�������‰�Œ�]�u�����u�}�š�]�À���š�}�Œ���(�}�Œ���•�š�µ�����v�š���‰�o���v�š�����Z�}�]�����X��
This, in some ways, mirrors Haywood’s study (Haywood, 
2018) of families visiting the Royal Botanic Garden, Kew 
�]�v�� �>�}�v���}�v�U�� �h�<�X�� �,���Œ�� �Á�}�Œ�l�� �]�o�o�µ�•�š�Œ���š���•�� �Z�}�Á�� �‰�µ�Œ�‰�}�•���(�µ�o�o�Ç��
developed interpretative materials that inspired families 
to engage with taxonomic labels connect the families 
with the aesthetic beauty of plants through to learning 
�����}�µ�š�� �•���]���v�����X�� �/�v�� �������]�š�]�}�v�� �Á���� �(�}�µ�v���� �•�Ç�u���}�o�]���� �u�����v�]�v�P��
�š�}�� ������ ���� �l���Ç�� �u�}�š�]�À���š�}�Œ�X�� �d�Z�]�•�� �����š���P�}�Œ�Ç�� �]�v���o�µ�������� ���•�‰�����š�•��
of seasonality, for example students choosing Wood 
���v���u�}�v���� ���]�š�]�v�P�� �]�š�� �����]�v�P�� ���� �^�Z���Œ���o���� �}�(�� �^�‰�Œ�]�v�P�_�� ���(�š���Œ��
the long dark Swedish winter, thus their motivation is 
culturally embedded (Balding and Williams, 2016) in 
their experience of living in a country where the number 
of sun hours in winter is low and the arrival of Spring is 
�š�}�������������o�����Œ���š�����X���>�]�l���Á�]�•���U���•�š�µ�����v�š�•���Œ���u���u�����Œ�����������]�v�P��

�Á�]�š�Z���‰�o���v�š�•�����š�������Œ�š���]�v���š�]�u���•���}�(���š�Z�����Ç�����Œ���]�v���š�Z���]�Œ�����Z�]�o���Z�}�}���X

	 Comparisons with favourite animal choices and their 
motivation 
When the same question was asked for animals the 
�}�À���Œ�Á�Z���o�u�]�v�P�����Z�}�]�������(���o�o���}�v�����}�P�•�U�������š�•�����v�����Z�}�Œ�•���•�X���d�}������
minor extent, students mentioned dolphins, elephants, 
���v�����o�]�}�v�•�X���t�Z���v�����•�l�������(�}�Œ���š�Z�����Œ�����•�}�v���Á�Z�Ç�U���š�Z�Œ���������v�•�Á���Œ�•��
stood out as different from those given for plants: that 
the animals had human characteristics, that there were 
special memories associated with them, and that they 
�Á���Œ���� ���}�v�•�]�����Œ������ �(���•���]�v���š�]�v�P�X�� ���À�]�����v�š�o�Ç�U�� �]�š�� �]�•�� ���]�(�(�]���µ�o�š�� �š�}��
make plants anthropomorphic, but it is definitely possible 
�š�}���Á�}�Œ�l���u�}�Œ�����}�v���š�Z�����}�š�Z���Œ���š�Á�}���]�•�•�µ���•�X�����}�š���v�]�����o���P���Œ�����v�•��
�‰�o���Ç�������l���Ç���Œ�}�o�����]�v���u���l�]�v�P���•�µ�Œ�����š�Z���š���‰���}�‰�o�����Z�u�����š���‰�o���v�š�•�[��
���v�������Œ�����š�����P�}�}�����u���u�}�Œ�]���•���Á�]�š�Z���š�Z���u�X���&�µ�Œ�š�Z���Œ�u�}�Œ���U���Á����
should highlight interesting narratives that make people 
���š�š���v�����š�}���š�Z�����‰�o���v�š���Á�}�Œ�o���X

	 Summary of Responses to science posters
The student teachers found the questions and preambles 
�(���•���]�v���š�]�v�P�U���(�}�Œ�����Æ���u�‰�o�����[�Z�}�Á���}�o�������}���‰�o���v�š�•���P���š�M�[���,�}�Á���À���Œ�U��
the vast majority wanted more and larger illustrations 
���v�����o���•�•���š���Æ�š�X���d�Z�����•�š�µ�����v�š�•���•���]�����š�Z���Ç���o�}�•�š���]�v�š���Œ���•�š���Á�Z���v��
�š�Z���Ç�� �Z������ �^�š�}�}�� �u�µ���Z�� �š�}�� �Œ�������_�X�� ���v�}�š�Z���Œ�� �Œ�����•�}�v�� �Á�Z�Ç�� �š�Z����
students found it difficult to comprehend the messages 
in the posters is that they were presented in English, 
and that the students’ vocabulary in this language is 
�v�}�š�� �������‹�µ���š���� �(�}�Œ�� �µ�v�����Œ�•�š���v���]�v�P�� �•���]���v�š�]�(�]���� �š���Œ�u�]�v�}�o�}�P�Ç�X��
Many of the students wished the posters had had a 
more overall approach instead of explaining issues in 
�����‰�š�Z�X�� �d�Z���Ç�� � �̂��}�µ�o���� �i�µ�•�š�� ���•�� �Á���o�o�� �Œ�������� �š�Z���]�Œ�� �š���Æ�š�� ���}�}�l�_�� �]�(��
�š�Z���Ç�� �Á���v�š������ �����š���]�o�•�X�� �t���� ���Œ���� �‰�o���v�v�]�v�P�� �š�}�� �‰�Œ�}���µ������ �u�}�Œ����
posters in response to their comments and will make 
�š�Z���u�� �]�v�� ���}�š�Z�� �^�Á�����]�•�Z�� ���v���� ���v�P�o�]�•�Z�X�� �d�Z���Ç�� �Á�]�o�o�� ������ �š���•�š������
with the student teacher community and responses 
���}�o�o�����š���������v�������v���o�Ç�•�����X

	 Key Responses to art works
The diverse representations of plants presented in each 
installation provoked different responses in the student 
�š�������Z���Œ�•�� ���v���� ���À���Œ�Ç�����Ç�� �À�]�•�]�š�}�Œ�•�� �~�d�����o���� �ï�•�X�� �/�v�� �Œ���o���š�]�}�v�� �š�}��
categories of responses we found both similarities and 
���]�(�(���Œ���v�����•�����•�������u�}�v�•�š�Œ���š���������Ç���š�����o�����ï�X

DISCUSSION
In the data presented it is clear that aesthetics and 
emotions play a key part in our student teachers feelings 
�����}�µ�š�U�����v�������}�v�v�����š�]�}�v�•���š�}�U���‰�o���v�š�•�X���d�Z�����Œ���•�‰�}�v�•���•���š�}���š�Z����
online survey demonstrate that in our community of 

�•�š�µ�����v�š�� �š�������Z���Œ�•�� �š�Z���Œ���� �]�•�� ���� �•���o�(�r���Æ�‰�Œ���•�•������ ���}�v�v�����š�]�}�v��
�š�}�� ���� �Œ�]���Z�� �P�Œ�}�µ�‰�� �}�(�� �‰�o���v�š�� �•�‰�����]���•�X�� �,�}�Á���À���Œ�U�� ���}�o�}�µ�Œ�(�µ�o�U��
flowering plants found in homes and gardens dominate 
�]�X���X�� �}�Œ���Z�]���•�U�� �š�µ�o�]�‰�•�� ���v���� �Œ�}�•���•�� �(�}�o�o�}�Á������ ���Ç�� ���� �Á�}�}���o���v����
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plant commonly found in Sweden and seen as a 
�^�Z���Œ���o���� �}�(�� �^�‰�Œ�]�v�P�_�� �µ�‰�}�v�� �]�š�•�� �(�o�}�Á���Œ�]�v�P�X�� �d�Z�µ�•�U�� �(�Œ�}�u�� �š�Z�]�•��
preliminary data we can see that flowers draw human 
���š�š���v�š�]�}�v�X�� ���v���� �Ç���š�U�� �]�v�� ���}�µ�v�š���Œ�‰�}�]�v�š�� �•�}�� ���}�� �š�Z���� ���Œ�š�]�•�š�]����
narratives focused on seed diversity and one plant’s 
�i�}�µ�Œ�v���Ç���š�}���•�µ�Œ�À�]�À���X���d�����o�����ï�������u�}�v�•�š�Œ���š���•���š�Z���š���š�Z�����š�Z�Œ������
installations in Gothenburg Botanic Garden brought to 
life an often hidden narrative, the story of seeds and 
�š�Z���]�Œ�� ���]�À���Œ�•�]�š�Ç�X�� �/�v�� �š�Z���� �Œ���•�‰�}�v�•���•�� ���}�o�o�����š������ �(�Œ�}�u�� �•�š�µ�����v�š��
teachers and everyday visitors at installation one we 
�(�}�µ�v�������}�v�v�����š�]�}�v�•���š�}���^�v���š�µ�Œ���[�•���������µ�š�Ç�_�����v�����Œ�����}�P�v�]�š�]�}�v�•��
�}�(�� �^���]�}�o�}�P�]�����o�� ���]�À���Œ�•�]�š�Ç�_�� �š�Z�Œ�}�µ�P�Z�� �š�Z���� �•�������•�[�� �•�š�}�Œ�]���•�U�� ���µ�š��
in their engagement with the seed biographies some 
�Œ���•�‰�}�v�����v�š�•���À�}�]�����������v�����v���}�µ�v�š���Œ���Á�]�š�Z���^�š�Z�����}�š�Z���Œ�v���•�•���}�(��
�‰�o���v�š�•�_�X���d�Z�]�•���‰�}�]�v�š���Œ���o���š���•���š�}���š�Z�����}�v�o�]�v�����•�µ�Œ�À���Ç�����v�����Z�}�Á�U��
in their reasons for choosing favourite animals student 
teachers were motivated by anthropomorphic reasoning; 
a motivation totally absent from their favourite plant 
���Z�}�]�����X�� �d�Z�]�•�� ���}���•�� �v�}�š�� �u�����v�� �Á���� �v�������� �š�}�� ���v���}�µ�Œ���P����
���v�š�Z�Œ�}�‰�}�u�}�Œ�‰�Z�]�����Œ�}�µ�š���•���]�v�š�}���^�‰�o���v�š�v���•�•�_���~�����Œ�o���Ç�U���í�õ�õ�ì�•��
���µ�š���Œ���š�Z���Œ���(�]�v�����š�Z�����v���Œ�Œ���š�]�À���•���š�Z���š���u���l�����‰�µ���o�]�����š�Z�����^�>�]�(����

as Plant” story without negating the attributes that 
�u���l�����‰�o���v�š�•�����v�����š�Z���]�Œ���o�]�À���•���^�}�š�Z���Œ�_���]�v���š�Z�������Ç���•���}�(���Z�µ�u���v��
���µ���]���v�����•�X�� �/�v�•�š���o�o���š�]�}�v�� �d�Á�}�� �]�v�� �]�š�•�� �Œ���v���]�š�]�}�v�� �}�(�� �}�v���� �•��������
�u�������� �o���Œ�P���� ���v���� �‰�µ���o�]���� �����u�}�v�•�š�Œ���š������ �^�v���š�µ�Œ���[�•�� �������µ�š�Ç�_��
���v�����š�Z�����•�������[�•���^�v���l�������À�µ�o�v���Œ�����]�o�]�š�Ç�_�����µ�š�����o�•�}�������µ�•�����U���]�v��
the representational change of scale, misconceptions of 
whether it was a plant, and if it was, what part of the 
�‰�o���v�š�X���d�Z�µ�•�U���•�����o�������‰�‰�����Œ�•���š�}���u���š�š���Œ�X���d�Z�����(�]�v���o���]�v�•�š���o�o���š�]�}�v��
encouraged closer looking and created reflections on 
�•�����•�}�v���o�]�š�Ç�X���/�š�����o�•�}���]�v�•�‰�]�Œ���������u�}�š�]�}�v�•�X��
�/�š���]�•���}���À�]�}�µ�•���š�Z���š���š���Æ�š�r�Œ�]���Z���‰�}�•�š���Œ�•�����Œ�����v�}�š���š�Z�����u�����]�µ�u���}�(��
���Z�}�]�������(�}�Œ���Ç�}�µ�v�P�������µ�o�š�•�X���d�Z�����š���Æ�š�•���]�v���������Z���‰�}�•�š���Œ�����}�v�•�]�•�š��
�}�(�� �o���•�•�� �š�Z���v�� �ñ�ì�ì�� �Á�}�Œ���•�� ���µ�š�� �]�š�� �Á���•�� �•�š�]�o�o�� ���}�v�•�]�����Œ������ �^�š�}�}��
�u�µ���Z�_�X�� �t���� �•�µ�P�P���•�š�� �š�Z���š�� �š�Z���� ���µ�o�š�µ�Œ���o�� �š�Œ���v���� �]�v�� �•�}���]���š�Ç�� �]�•��
���� �š�µ�Œ�v�� �š�}�� �š�Z���� �À�]�•�µ���o�X�� �^���À���Œ���o�� �•�š�µ�����v�š�•�� �v�}�š������ �š�Z���š�� �š�Z���Ç��
would rather see a movie or perhaps have someone 
�š���o�o�� �š�Z���u�� �Á�Z���š�� �š�Z���� �‰�}�•�š���Œ�•�� �Á���Œ���� �u�����]���š�]�v�P�� �š�}�� �š�Z���u�X��
Considering that botanical gardens traditionally display 
most information in poster format, this is an interesting 
�Œ���•�µ�o�š�X���W���Œ�•�}�v���o���]�v�š���Œ�����š�]�}�v���Á�}�Œ�l�•�������š�š���Œ�����µ�š���]�•���o���•�•�����}�•�š�r
���(�(�]���]���v�š�X���D�}�Œ�����Œ���•�����Œ���Z���]�•���v�������������]�v���š�Z�]�•�����Œ�����X

CONCLUSION
Our preliminary findings demonstrate the value of 
connecting with plants through sensory interactions with 
living specimens, artistic and scientific narratives, and 
�š�Z���� �]�u�‰�}�Œ�š���v������ �}�(�� �À�]�•�µ���o�� �u���š�Z�}���•�� �}�(�� ���}�u�u�µ�v�]�����š�]�}�v�X��
Moreover, we show the power of aesthetic attributes, 
personal memories and emotions in building connections 

�����š�Á�����v���‰�o���v�š�•�����v�����‰���}�‰�o���X���W�o���v�š���•�š�}�Œ�]���•�����Œ�����]�v�š���Œ���•�š�]�v�P��
but it matters how you tell them; bring fascinating stories 
�š�}�� �Ç�}�µ�Œ���À�]�•�]�š�}�Œ�•�� �š�Z�Œ�}�µ�P�Z�� �À���Œ�]�}�µ�•�� �u�����]���� �v���Œ�Œ���š�]�À���•�X�� �K�(�(���Œ��
visitors time to look at, and be with plants, through 
���]�À���Œ�•�����Œ���‰�Œ���•���v�š���š�]�}�v�•���}�(���^�>�]�(�������•���W�o���v�š�_�X
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FIGURES AND TABLES

Figure 2: Example of a scientific poster 
�Z�]�P�Z�o�]�P�Z�š�]�v�P�� �š�Z���� �š�Z���u���� ���}�u�‰���š�]�š�]�}�v�X�� �d�Z�]�•��
poster was rated best of the three by the 
�•�š�µ�����v�š�•�X

Figure 1: The six scientific themes related to 
�‰�o���v�š�v���•�•�X
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Online Survey Mapped 
Conversation: 
Botanic Garden

Mapped 
Conversations: 
Universeum

Recorded
Impressions at 
Art Installations

Written
Responses to
Science Posters

Student teachers 202 41 53 30 11

Everyday visitors 0 13 21 7 0

Table 1: �W���Œ�š�]���]�‰���v�š���•���u�‰�o�����]�v���Œ���•�����Œ���Z���•�š�µ���Ç�X

Question Preamble

Reproduction ���}���‰�o���v�š�•���Œ���‰�Œ�}���µ�������•���Æ�µ���o�o�Ç�M�^���Æ�µ���o���Œ���‰�Œ�}���µ���š�]�}�v���]�•�����•�•���v�š�]���o���(�}�Œ���������‰�š�����]�o�]�š�Ç�����v�����o�}�v�P�r
�š���Œ�u���‰���Œ�•�]�•�š���v�������]�v�����o�o���•�‰�����]���•�U���]�v���o�µ���]�v�P���‰�o���v�š�•�X���D�]�Æ�]�v�P���}�(��
genes from two adults generates genetic variability in the 
offspring on which evolution can act

Longevity �,�}�Á���}�o���������v���‰�o���v�š�•���P���š�MMaybe you have asked yourself if you would like to live 
�(�}�Œ���À���Œ�M���E�}�� �u���š�š���Œ���Á�Z���š�� �š�Z���� ���v�•�Á���Œ���]�•�U�� �Z�µ�u���v�•�� �Á�]�o�o�� �v�}�š��
�o�]�À���� �u�µ���Z�� �o�}�v�P���Œ�� �š�Z���v�� �í�ì�ì�� �Ç�����Œ�•�X�� ���µ�š�� �‰�o���v�š�•�� �t�� �š�Z���Ç�� ���Œ����
practically immortal!

Competition ���}���‰�o���v�š�•�����}�u�‰���š�����(�}�Œ���o�]�(���M�W�o���v�š�•�� ���}�v�•�š���v�š�o�Ç�� �•�š�Œ�µ�P�P�o���� �š�}�� �•�µ�Œ�À�]�À���X�� �d�Z���Ç�� ���}�u�‰���š���� �(�}�Œ��
�Œ���•�}�µ�Œ�����•�� �Á�]�š�Z�� �}�š�Z���Œ�� �‰�o���v�š�•�� �t�� ���v���� �]�v�� �•�}�u���� �����•���•�� �Á�]�š�Z��
���v�]�u���o�•�X�� ���µ�š�� �š�Z���� �Á�]�v�v���Œ�� ���}���•�� �v�}�š�� �š���l���� �]�š�� ���o�o�X�� �&�]�P�Z�š�]�v�P�� �]�•��
costly and, in reality, all those involved are harmed

Table 2:���Y�µ���•�š�]�}�v�•�����v�����‰�Œ�����u���o���•���(�}�Œ���š�Z�����š�Z�Œ�������‰�}�•�š���Œ�•���‰�Œ���•���v�š�������š�}���š�Z�����•�š�µ�����v�š���š�������Z���Œ�•�X

Installation 1 Installation 2 Installation 3

Nature’s Beauty Scaling up leads to misconceptions: 
�/�•���]�š�������Á�Z�}�o�����‰�o���v�š�M�����v�����v�]�u���o�M

Seasonality

The Seed’s Story Beautiful Picture Emotions

Colour and Scale Naked vulnerability and yet strong The more you look the more you see

Biological Diversity

The ’otherness of plants’

Table 3�W���^�µ�u�u���Œ�Ç���}�(���<���Ç���Z���•�‰�}�v�•���•���š�}�����Œ�š�Á�}�Œ�l�•�X
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�E���d�/�K�E���>�����K�d���E�/�����'���Z�����E���K�&���>���d�s�/�����u���^�d�Z���d���'�z���K�&�����E�s�/�Z�K�E�D���E�d���>�������h�����d�/�K�E

�>�h���D�/�>�����s�/�a�I���s�^�<���Ž�U�����E���Z���:�^���^�s�/�>�
�E�^

�E���š�]�}�v���o�����}�š���v�]�����'���Œ�����v���}�(���>���š�À�]���U���D�]���Œ�����^�š�Œ�����š���í�U���^���o���•�‰�]�o�•�U���>�s�r�î�í�ò�õ�U���>���š�À�]��
�Ž�o�µ���u�]�o���X�À�]�•�Z�v���À�•�l���›�v�����X�P�}�À�X�o�À

ABSTRACT
�d�Z�����E���š�]�}�v���o�����}�š���v�]�����'���Œ�����v���}�(���>���š�À�]�����~�E���'�•���Á���•���(�}�µ�v���������]�v���í�õ�ñ�ò�����•�������•���]���v�š�]�(�]�����]�v�•�š�]�š�µ�š�]�}�v���~�}�v�����}�(���š�Z�����•���]���v�š�]�(�]�����]�v�•�š�]�š�µ�š���•��
�}�(���š�Z���������������u�Ç���}�(���^���]���v�����•�•�U���(�}���µ�•�������}�v���Œ���•�����Œ���Z���]�v�����}�š���v�Ç�U���‰�o���v�š���‰�Z�Ç�•�]�}�o�}�P�Ç�����v�������Œ�������]�v�P�X�����š���š�Z�]�•���š�]�u���������µ�����š�]�}�v�����v����
�‰�µ���o�]�������v�P���P���u���v�š���Á���Œ�����o���•�•���]�u�‰�}�Œ�š���v�š�X���/�v���î�ì�ì�ò���š�Z�����'���Œ�����v���Á���•���Z���v���������}�À���Œ���š�}���š�Z�����D�]�v�]�•�š�Œ�Ç���}�(�����v�À�]�Œ�}�v�u���v�š���W�Œ�}�š�����š�]�}�v��
and Regional Development (MEPRD), making the goals of biodiversity conservation and public education more 
�‰�Œ�}�v�}�µ�v�������X�����v�����•�•���v�š�]���o���‰���Œ�š���}�(���š�Z�����E���'���u�]�•�•�]�}�v���š�}�����Ç���]�•���š�}�������µ�����š�����À�]�•�]�š�}�Œ�•�������}�µ�š���š�Z�������v�À�]�Œ�}�v�u���v�š�����v�������]�}���]�À���Œ�•�]�š�Ç��
���}�v�•���Œ�À���š�]�}�v���]�•�•�µ���•�X���d�Z���š���]�•���Á�Z�Ç���Á�����Z���À�����Á�}�Œ�l�������}�µ�š���š�Z�����•�š�Œ���š���P�Ç���}�(�����v�À�]�Œ�}�v�u���v�š���o�������µ�����š�]�}�v�X
As a result of a SWOT analysis of the existing situation and potential possibilities of NBG in environmental education 
(plant expositions, exhibitions, guided excursions, school educational program, lessons, events, information panels, 
homepage and accounts in social networks, press releases, booklets and popular science issues), the conclusion 
�Á���•���u�������U���š�Z���š�����•�•���v�š�]���o���P�Œ�}�Á�š�Z���}�(�����µ���]���v�����������v�������������Z�]���À���������Ç�����Œ�����š�]�}�v���}�(���•�‰�����]���o���]�v�(�Œ���•�š�Œ�µ���š�µ�Œ�����t���š�Z���������v�š�Œ�����}�(��
���v�À�]�Œ�}�v�u���v�š���o�������µ�����š�]�}�v�����v�����/�v�(�}�Œ�u���š�]�}�v���~�������/�•�X���d�Z�������•�š�����o�]�•�Z�u���v�š���}�(���•�µ���Z�������v�š�Œ�����]�•���‰�o���v�v�������]�v���š�Z�����(�Œ���u���Á�}�Œ�l���}�(������
�o���Œ�P���Œ���‰�Œ�}�i�����š���}�(���š�Z�����D���W�Z���U���Á�Z�]���Z���]�•���(�]�v���v���]���o�o�Ç���•�µ�‰�‰�}�Œ�š���������Ç�����µ�Œ�}�‰�����v�����}�Z���•�]�}�v���&�µ�v�����~���&�•�U�����v�����Á�]�o�o���o���•�š���µ�v�š�]�o���î�ì�î�í�X
The CEEI should facilitate awareness of processes occurring in nature in attractive, intelligible and entertaining 
form, facilitate interest in plant life and educate about necessity and means of environment protection and nature 
conservation; as well as to enhance NBG educational capacity, to broaden its audience and to increase the number 
�}�(���À�]�•�]�š�}�Œ�•�X���d�Z�����u���]�v�����µ���]���v�������•�Z�}�µ�o�����������P�Œ�}�µ�‰�•���}�(�����Z�]�o���Œ���v���(�Œ�}�u���ñ���Ç�����Œ�•���}�(�����P�����š�]�o�o���š�Z�������v�����}�(���Z�]�P�Z���•���Z�}�}�o�����v�����(���u�]�o�]���•��
�Á�]�š�Z�� ���Z�]�o���Œ���v�U�� �š�Z���� �•�����}�v�����Œ�Ç�� �t�� ���o�o�� �}�š�Z���Œ�� �P���Œ�����v�� �À�]�•�]�š�}�Œ�•�X�� �d�Z���� �������/�� ���Æ�‰�}�•�]�š�]�}�v�� �•�Z�}�µ�o���� ������ �‰�o���������� �]�v�� ���� �š�Á�}�r�•�š�}�Œ���Ç������
���µ�]�o���]�v�P���]�v���š�Z�����‰�o���������}�(���š�Z�����(�}�Œ�u���Œ���E���'�� �u���]�v���}�(�(�]�����X���d�Z�����•�š�Œ�µ���š�µ�Œ�����}�(�����Æ�‰�}�•�]�š�]�}�v�W���/�v�š�Œ�}���µ���š�]�}�v���~�‰�o���v�š�[�•���]�u�‰�}�Œ�š���v������
for life on the planet); Roots, Trunk, Leaf, Flower, Fruits and Seeds, Final exposition (ecology, global environment 
�‰�Œ�}���o���u�•�U�����]�}���]�À���Œ�•�]�š�Ç�����}�v�•���Œ�À���š�]�}�v�����š���X�•�X

KEYWORDS
Awareness, Community Engagement, Biodiversity Conservation, Nature Protection, School, Children

INTRODUCTION
�d�Z���� ���}�š���v�]���� �'���Œ�����v�� �]�v�� �^���o���•�‰�]�o�•�� �Á���•�� �(�}�µ�v�������� �]�v�� �í�õ�ñ�ò�X��
Nevertheless, its roots date back to 1836, when the 
gardener Christian Wilhelm Schoch created a gardening 
���}�u�‰���v�Ç���]�v���Z�]�P���X���d�Z�����v�µ�Œ�•���Œ�Ç���Á���•���š�Œ���v�•�(���Œ�Œ�������š�}���^���o���•�‰�]�o�•��
�]�v���í�ô�õ�ô�X���d�Z�]�•���Á���•���š�Z���������P�]�v�v�]�v�P���}�(���š�Z�����'���Œ�����v�X
�K�v�� �š�Z���� �í�å�æ�� �}�(�� �^���‰�š���u�����Œ�U�� �í�õ�ñ�ò�U�� �š�Z���� ���}�š���v�]�����o�� �'���Œ�����v�� �}�(��
the Academy of Sciences was founded in Salaspils, using 
the rich plant collections and the heritage of the past 
�P���Œ�����v�]�v�P���š�Œ�����]�š�]�}�v�•�X���/�š���Á���•�������•���]���v�š�]�(�]�����]�v�•�š�]�š�µ�š�]�}�v�U���(�}���µ�•�]�v�P��
�}�v�� �Œ���•�����Œ���Z�� �]�v�� ���}�š���v�Ç�U�� �‰�o���v�š�� �‰�Z�Ç�•�]�}�o�}�P�Ç�� ���v���� ���Œ�������]�v�P�X��
�����µ�����š�]�}�v�����v�����‰�µ���o�]�������v�P���P���u���v�š���Á���Œ�����o���•�•���]�u�‰�}�Œ�š���v�š�X

���(�š���Œ�� �š�Z���� �Œ���r���•�š�����o�]�•�Z�]�v�P�� �}�(�� �>���š�À�]���v�� �]�v�����‰���v�����v�����U�� �]�v��
�í�õ�õ�î���š�Z�����P���Œ�����v���}���š���]�v�������š�Z�����•�š���š�µ�•���}�(�������E���š�]�}�v���o�����}�š���v�]����
�'���Œ�����v�X�� �^�]�v������ �î�ì�ì�ò�U�� �Á�Z���v�� �š�Z���� �P���Œ�����v�� �Á���•�� �Z���v��������
over to the Ministry of Environment Protection and 
Regional Development, its focus shifted to biodiversity 
���}�v�•���Œ�À���š�]�}�v�� ���v���� �‰�µ���o�]���� �����µ�����š�]�}�v�X�� �d�Z���� ���•�•���v�š�]���o��
part of National Botanic Gardens mission today is to 
educate visitors about the environment and biodiversity 
���}�v�•���Œ�À���š�]�}�v���]�•�•�µ���•�X���d�Z���š���]�•���Á�Z�Ç���Á�����Z���À�����š�}���Á�}�Œ�l���}�µ�š���š�Z����
�•�š�Œ���š���P�Ç���}�(�����v�À�]�Œ�}�v�u���v�š���o�������µ�����š�]�}�v�X

MATERIAL AND METHOD
To create the Strategy, we had to define the institutions’ 
mission, goal, functions and legal base, as well as analyse 
present possibilities and experience, using method of 
�^�t�K�d�����v���o�Ç�•�]�•�X

	 Mission
National Botanic Garden of Latvia is governmental 
institution keeping scientifically documented collections 
of living plants with a goal to use them for biological 
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diversity conservation, scientific research, education 
and community information in nature protection and 
�P���Œ�����v�]�v�P�� ���Œ�����•�X�� �E���š�]�}�v���o�� ���}�š���v�]���� �'���Œ�����v�� �Œ���‰�Œ���•���v�š�•��
Latvia in areas of its competence and is one of the state’s 
�•���]���v�š�]�(�]�������v�������µ�o�š�µ�Œ���o���•�Ç�u���}�o�•�X
The essential part of the National Botanic Garden’s 
mission today is to educate visitors about the environment 
and biodiversity conservation issues, to let them „relax 
while learning and to learn while relaxing “.

	 The goal and functions
The goal of the National Botanic Garden is to maintain 
living plant collections and Latvian plant genetic 
resources, to expand connections between science and 
national economy in areas of its competence, to carry out 
community awareness and education in issues related 
�š�}�� �š�Z���� ���v�À�]�Œ�}�v�u���v�š���o�� ���Z���o�o���v�P���•�� �}�(�� �š�Z���� �î�í�å�æ�� �����v�š�µ�Œ�Ç�U��
especially in plant conservation and careful use of natural 
�Œ���•�}�µ�Œ�����•�U�����•���š�Z���������•�����}�(���•�µ�•�š���]�v�����o���������À���o�}�‰�u���v�š�X
To reach that goal, the NBG performs these functions: 
administration and management of the protected nature 
���Œ������ �^�E���š�]�}�v���o�� ���}�š���v�]���� �'���Œ�����v�� �}�(�� �>���š�À�]���_�V�� �u���]�v�š���]�v�]�v�P��
living plant collections for research, education, tourism 
and recreation purposes; conservation ex situ genetic 
resources of cultivated and wild plants of Latvia; 
development of theoretical and methodological base for 
conservation and propagation of rare and endangered, 
as well as economically useful plant species and cultivars 
of local provenience; scientific research in biology 
(plant physiology, botany, biodiversity conservation), 
agriculture (gardening, plant breeding), as well as other 
scientific branches connected with plants; education in 
plant biology, environment protection and biodiversity 
conservation; cooperation with the world’s botanic 
gardens and other institutions and organisations in plant 
gene fund conservation; keeping living plant specimens 
that are confiscated according to Washington Convention 
on International Trade of Endangered Wild Plant and 
Animal species (CITES) until decision of competent 
institutions; functions of the competent institution of 
�š�Z���� ���W�� ���v���� ������ �Z���P�µ�o���š�]�}�v�� �ñ�í�í�l�î�ì�í�ð�� �^�K�v�� ���}�u�‰�o�]���v������
measures for users from the Nagoya Protocol on Access 
to Genetic Resources and the Fair and Equitable Sharing 
of Benefits Arising from their Utilization in the Union”; 
development and modernisation of biodiversity research 
���v�������}�v�•���Œ�À���š�]�}�v���]�v�(�Œ���•�š�Œ�µ���š�µ�Œ���X
NBG functioning is based on 13 international legal 
���}���µ�u���v�š�•���€�í�r�í�ï�•�U�����•���Á���o�o�����•���î�ï���v���š�]�}�v���o���o���P���o�����}���µ�u���v�š�•�X
Education of the public and raising awareness are some 
�}�(���š�Z�������}�Œ�����(�µ�v���š�]�}�v�•���}�(���E���'�X�����o�u�}�•�š�����o�o���E���'���•�‰�����]���o�]�•�š�•��

are somewhat involved in it, but the main responsibility 
�]�•���}�v���š�Z���������‰���Œ�š�u���v�š���}�(�������µ�����š�]�}�v�����v�����/�v�(�}�Œ�u���š�]�}�v�X
Main directions of the NBG environmental education 
are: to provide information about plants’ functions, 
composition, and role in provision of existence of 
all world’s organisms by using contemporary tools 
and comprehensive language; to form awareness of 
connections between everyday things and life processes 
in plants, the place of plants in history, culture and 
religion; to inform about direct and indirect impact of 
human everyday activities on the natural resources of 
the planet; to promote renewable energy resources 
and sustainable resource management; to diversify 
school environmental education program with field 
and laboratory research possibilities, supporting 
comprehensive education process; to create lifelong 
education programs for different age and social groups 
in issues of gardening, history of park and garden art, 
nature conservation and environment protection issues; 
�]�v�����}�v�š���Æ�š���}�(�����}�u�u�µ�v�]�š�Ç���]�v�š���P�Œ���š�]�}�v���t���š�}���‰�Œ���‰���Œ�����o���•�•�}�v�•��
and expositions about aspects of ethnobotany, including 
national minorities living in Latvia as well as states and 
�v���š�]�}�v���o�]�š�]���•���}�(�����µ�Œ�}�‰�����v���h�v�]�}�v�X��
�d�Z�������Œ�������}�(���š�Z�����E���'���]�•���í�U�î�õ���Æ���í�ì�ü���u�ø�U���]�š�����}�v�š���]�v�•�������Á�]���������]�À���Œ�•�]�š�Ç��
of natural biotopes and plant collections, being an excellent 
environment for school children learning expeditions in 
nearly natural but secure conditions, providing possibilities to 
�Œ���•�����Œ���Z���•���o�(�r���}�o�o�����š�������o�]�À�]�v�P���u���š���Œ�]���o�X
Using financial support of EU programs and capacity of 
NBG researchers and education specialists, it is possible to 
develop informal education programs turning NBG to one of 
�š�Z�����o�������]�v�P���]�v�•�š�]�š�µ�š�]�}�v�•���]�v���>���š�À�]���v�����v�À�]�Œ�}�v�u���v�š���o�������µ�����š�]�}�v�X��
Since opening of the new orangery in April 2015, the 
yearly number of visitors has at least doubled (from 
�î�ñ�r�ï�ì�� �š�}�� �ò�ì�r�ò�ñ�� �š�Z�}�µ�•���v���•�X�� �d�Z���� �����u���v���� �(�}�Œ�� ���š�š�Œ�����š�]�À����
educational activities, as well as additional rooms for 
�o�����Œ�v�]�v�P�����v�����•�š�}�Œ���P�����Z���•���P�Œ�}�Á�v���P�Œ�����š�o�Ç�X

	 Present situation in NBG environmental education 	
	 (SWOT analysis)
1. Plant collections and expositions�X�� �E���'�� �l�����‰�•�� �}�v���� �}�(��
the largest plant collections in Northeast Europe: about 
13600 taxa of living plants, including 2500 indoor, 5400 
woody, 4520 herbaceous, 1100 utility plants, 135 species 
�}�(���Œ���Œ�������v�������v�����v�P���Œ�������‰�o���v�š�•���}�(���>���š�À�]���X���d�Z���š���P�]�À���•���Á�]������
�‰�}�•�•�]���]�o�]�š�]���•���š�}���µ�•�����š�Z���u���(�}�Œ�����v�À�]�Œ�}�v�u���v�š���o�������µ�����š�]�}�v�X��
New open area and orangery expositions were created 
�Œ�������v�š�o�Ç�X�� �E���'�� ���}�v�•���Œ�À���š�}�Œ�Ç�U�� ���}�v�•�š�Œ�µ���š������ �Á�]�š�Z�� �•�µ�‰�‰�}�Œ�š��
�}�(�� ���Z���&�U�� �}�‰���v������ �(�}�Œ�� �À�]�•�]�š�}�Œ�•�� �]�v�� �î�ì�í�ñ�X�� �/�š�•�� ���}�u�u�}�v�� ���Œ������ �]�•��
3300m²; including 4 orangery halls open for visitors and 
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�õ�����}�v�•���Œ�À���š�]�}�v���Z���o�o�•�X���d�}���u���Œ�l���í�ì�ì�r�š�Z�����v�v�]�À���Œ�•���Œ�Ç���}�(���>���š�À�]����
�~�����o�����Œ���š�������]�v���î�ì�í�ô�•�U���E���'�����Œ�Œ���v�P�����������•�‰�����]���o�����Æ�‰�}�•�]�š�]�}�v���t������
bed of perennial ornamentals with an accent on the cultivars 
�}�(�� �>���š�À�]���v�� ���Œ�������]�v�P�X�� �d�}�� ���Æ�š���v���� �v���š�µ�Œ���o�� �•���]���v������ �����µ�����š�]�}�v�U��
exposition of Latvian rocks and minerals was created, 
arranged in order of geological age and accompanied by 
�]�v�(�}�Œ�u���š�]�}�v�������}�µ�š���š�Z���]�Œ���‰�Œ�}�‰���Œ�š�]���•�����v�����µ�•���X
Strengths: NBG permanent expositions are formed using the 
richest plant collections in Baltic States, labelled with Latin 
���v�����>���š�À�]���v���‰�o���v�š���v���u���•�����v�����‰�Œ�}�À���v�]���v�����•�X�����Æ�‰�}�•�]�š�]�}�v�•�����Œ����
enriched by information panels with interesting data about 
�]�v���]�À�]���µ���o���‰�o���v�š�•���}�Œ���‰���Œ�š�•���}�(�����Æ�‰�}�•�]�š�]�}�v�X
Weaknesses: The huge NBG collection is only partially 
�o�������o�o�����X�� �/�v�(�}�Œ�u���š�]�}�v�� �‰���v���o�•�� ���}�� �v�}�š�� �‰�Œ�}�À�]������ ���v�}�µ�P�Z��
���}�À���Œ���P�������v�������Œ�����‰�Œ�}�v�����š�}�����������Ç���µ�v�����Œ���}�‰���v���•�l�]���•�X
Opportunities: Enhancing the amount and quality of labels 
and panels should augment the usability of collections 
�(�}�Œ�������µ�����š�]�}�v���o���‰�µ�Œ�‰�}�•���•�X
Threats: Labelling the most valuable specimens can 
���š�š�Œ�����š���š�Z�������š�š���v�š�]�}�v���}�(���š�Z�]���À���•�X

2. Thematic exhibitions. Since the new Conservatory 
�Á���•�� ���µ�]�o�š�U�� �]�š�[�•�� �^�]�v�•�]������ �P���o�o���Œ�Ç�_�� �]�•�� �µ�•������ �(�}�Œ�� ���Æ�Z�]���]�š�]�}�v�•�X��
In addition to displays of flowers, seeds and fruits, art 
���Æ�Z�]���]�š�]�}�v�•�� �t�� �(�Œ�}�u�� ���Z�]�o���Œ���v�[�•�� ���Œ���Á�]�v�P�•�� �š�}�� �‰�Œ�}�(���•�•�]�}�v���o��
���Œ�š�Á�}�Œ�l�����v�����‰�Z�}�š�}�P�Œ���‰�Z�Ç�U�����Œ�����}�Œ�P���v�]�Ì���������µ�Œ�]�v�P���š�Z�����Ç�����Œ�X
Strengths: Diversity of exhibitions is broadening the 
audience; it is an essential contribution to the educational 
���v�����Œ�����Œ�����š�]�}�v���o���(�µ�v���š�]�}�v���}�(���E���'�X
Weaknesses: Growing educational demand outpaces the 
���À���]�o�����]�o�]�š�Ç���}�(���]�v�r���}�}�Œ���•�‰�����������v�����Z�µ�u���v���Œ���•�}�µ�Œ�����•���}�(���E���'�X
Opportunities: Permanent environmental education 
exposition would essentially improve accessibility of 
�•���Œ�À�]�����X�� �������]�š�]�}�v���o�� ���Æ�Z�]���]�š�]�}�v�� �Œ�}�}�u�•�� ���}�µ�o���� �]�u�‰�Œ�}�À����
�µ�•�����]�o�]�š�Ç���}�(���š�Z�����E���'�����}�o�o�����š�]�}�v�•�����v�����]�v�š���o�o�����š�µ���o���‰�}�š���v�š�]���o�X
Threats: Exhibitions of valuable works of art and rare 
�•�‰�����]�u���v�•���v���������������]�š�]�}�v���o���•�����µ�Œ�]�š�Ç���u�����•�µ�Œ���•�X

3. Guided excursions. In the NBG, several educational 
excursion programs are developed depending on 
���µ���]���v���������v�����•�����•�}�v�X�����µ�Œ���š�]�}�v���}�(���•�š���v�����Œ�������Æ���µ�Œ�•�]�}�v���]�•��
�(�Œ�}�u���í���š�}���î���Z�}�µ�Œ�•�X��
Strengths:���'�µ�]�����•���}�(���E���'�����Œ�����Z�]�P�Z�o�Ç���‹�µ���o�]�(�]�������t���Á�]�š�Z���W�Z����
or master’s degree in biology, additional special education, 
�‰�Œ�����š�]�����o�����Æ�‰���Œ�]���v�����U���š�Z���š���P�]�À���•�������Z�]�P�Z���o���À���o���}�(���]�v�(�}�Œ�u���š�]�}�v�X
Weaknesses: Demand of excursions depending on the 
�•�����•�}�v�X���t�Z���v���o���Œ�P�����P�Œ�}�µ�‰�•���~�ð�ì�r�ñ�ì���‰���}�‰�o���•�����Œ�������}�u�]�v�P�U���]�š��
�]�•���v�}�š�����o�Á���Ç�•���‰�}�•�•�]���o�����š�}���•�µ�‰�‰�o�Ç�����v���}�‰�š�]�u���o���v�µ�u�����Œ���~�í�ñ�r
�î�ñ�•���À�]�•�]�š�}�Œ�•���‰���Œ���P�Œ�}�µ�‰�X�����•�������Œ���•�µ�o�š�U���•�µ�(�(���Œ�•���(�Œ�}�u���‰���Œ�����]�À�]�v�P��
�]�v�(�}�Œ�u���š�]�}�v�X�� �^�}�u���š�]�u���•�� �~�•���Z�}�}�o�� �P�Œ�}�µ�‰�•�•�� �š�Z���� �P�µ�]������ �Z���•��

to deflect attention from the content of excursion to the 
children’s behaviour that diminishes the amount and 
�‹�µ���o�]�š�Ç���}�(���P�]�À���v���]�v�(�}�Œ�u���š�]�}�v�X
Opportunities: Use of volunteer guides could be 
considered, to provide growing demand for NBG 
���Æ���µ�Œ�•�]�}�v�•�X���d�Z���Œ�����]�•�������Œ�����•�}�v���š�}�����}�v�•�]�����Œ���š�Z�����‰�}�•�•�]���]�o�]�š�Ç��
to make a treaty with the schools where the school 
�P�µ���Œ���v�š�����•���š�Z���������Z���À�]�}�µ�Œ���}�(���š�Z�������Z�]�o���Œ���v�X��
Threats: Possibility of conflicts cannot be excluded in 
���]�Œ�����š�����}�u�u�µ�v�]�����š�]�}�v�X��

4. School educational program. In 2016 seventeen kinds 
of workshops for primary, secondary and high school 
�Á���Œ���� �Á�}�Œ�l������ �}�µ�š�X�� �^�}�u���� �Á�}�Œ�l�•�Z�}�‰�•�� ���Œ���� �‰�Œ�}�‰�}�•������ �]�v��
�Z�µ�•�•�]���v�����v�������v�P�o�]�•�Z�����•���Á���o�o�X���d�Z�����o�]�v�l���~�]�v���>���š�À�]���v�•�W���Z�š�š�‰�W�l�l
�v�����X�P�}�À�X�o�À�l�o�À�l�•�l�}�o���u�X�� �W�µ�‰�]�o�•�� �������}�u���� �v�}�š�� �}�v�o�Ç�� �o�]�•�š���v���Œ�•�U��
but also researchers, which significantly enhances 
�����µ�����š�]�}�v���o�� �]�u�‰�����š�X�� �����}�µ�š�� �î�l�ï�� �}�(�� �•���Z�}�}�o�� �P�Œ�}�µ�‰�•�� �v�}�Á��
�‰�Œ���(���Œ���Á�}�Œ�l�•�Z�}�‰�•�U���v�}�š���i�µ�•�š�����Æ���µ�Œ�•�]�}�v�•�X��
Strengths:���d�Z�����P���Œ�����v���]�•�����v�����Æ�����o�o���v�š���^�>�����Œ�v�]�v�P���Œ�}�}�u�_���š�}��
familiarize with plant diversity, breeding, conservation, 
���š���X���d�Z�����E���'���•���Z�}�}�o�������µ�����š�]�}�v���‰�Œ�}�P�Œ���u�����}�Œ�Œ���•�‰�}�v���•���Á�]�š�Z��
the Latvian education standard, it is a good supplement 
to the usual school learning process and gets popularity 
���}�š�Z���]�v���>���š�À�]�������v�����]�v���š�Z�����v���]�P�Z���}�µ�Œ�]�v�P�����}�µ�v�š�Œ�]���•�X���d�Z���Œ����
���Œ�����•�‰�����]���o�]�•�š�•�U�����Æ�‰���Œ�]���v�����U�����‹�µ�]�‰�u���v�š�X
Weaknesses:�� �K�v���� �•���Z�}�}�o�� �P�Œ�}�µ�‰���•�‰���v���•�� �ï�r�ð�� �Z�}�µ�Œ�•�� �]�v�� �š�Z����
garden, so it is possible to arrange 2 workshops per day, 
���µ�š���š�Z�����•���Z�}�}�o�������u���v�����]�•���Á���À���o�]�l���X���d�Z�µ�•�����š���‰�Œ���•���v�š���š�Z����
�Œ���‹�µ���•�š���}�(���Á�}�Œ�l�•�Z�}�‰�•���]�•���u�}�Œ�����š�Z���v���Á���������v���•���š�]�•�(�Ç�X���d�Z���Œ����
�]�•�����v�������š�µ���o���o�����l���}�(���Œ�}�}�u�•�X
Opportunities: By arranging special learning rooms, the 
growing demand of workshops for school children could 
�������•���š�]�•�(�]�����U�����v�����š�Z���]�Œ���‰�}�•�•�]���]�o�]�š�]���•�����Œ�}�������v�X
Threats: Workshops have lower effectiveness without 
participation of the biology teacher(s) of the respective 
�•���Z�}�}�o�X

5. Thematic lessons and excursions. Thematic lessons 
and excursions are organised during NBG events (plant 
fairs, thematic days), in frameworks of seminars for 
�š�������Z���Œ�•�����š���X���d�Z�����š�Z���u���•�W���^���}�v�•���Œ�À���š�]�}�v���}�(���o�}�����o���(�o�}�Œ���_�U��
�^���š�Z�v�}���}�š���v�Ç�� �(�}�Œ�� �š�������Z���Œ�•�_�U�� � �̂��� �o�}�}�l�� �]�v�š�}�� �š�Z���� �Á�}�Œ�o���� �}�(��
�‰�o���v�š�����Œ�}�u���•�_�U���d�Z�������������}�(�����}�v�]�(���Œ�•�_���^�d�Z�����•�š�}�Œ�Ç�������}�µ�š���š�Z����
�E�}���Z�[�•�����Œ�l�_�V���^�Z�}�•���•�����v�����š�Z���]�Œ�����Œ�������]�v�P���]�v���š�Z�����E���'�_�U���^�&�]�v����
���v�����(���u�]�o�]���Œ�]�Ì���J�_�U�����š���X
Strengths: In the NBG there are high qualified specialists 
�t�� ���]�}�o�}�P�]�•�š�•�� ���v���� �P���Œ�����v���Œ�•�U�� �š�Z���]�Œ�� �P�]�À���v�� �]�v�(�}�Œ�u���š�]�}�v��
in areas of plant growing and in scientifically popular 
�š�Z���u���•���µ�•�µ���o�o�Ç���]�•���‰���]�������Ç���Z�]�P�Z�����š�š���v�š�]�}�v�X
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Weaknesses: Preparing lessons asks for a lot of intellectual, 
���Œ�����š�]�À���� ���v���� �Á�}�Œ�l�� ���}�v�š�Œ�]���µ�š�]�}�v�X���,�]�P�Z���•�š�������u���v���� �}�(�� �š�Z����
lessons is usually in the period of most intensive garden 
�Á�}�Œ�l���Á�Z���v���š�Z�����•�‰�����]���o�]�•�š�•�����Œ�����u�}�•�š�����µ�•�Ç�X��
Opportunities: Availability of rooms for lessons would 
improve both quantity and quality of activities, especially 
�]�v�����������Á�����š�Z���Œ�����}�v���]�š�]�}�v�•�X
Threats:�� ���š�š���v�����v������ �}�(�� �}�‰���v�r���]�Œ�� �����š�]�À�]�š�]���•�� �����‰���v���•�� �}�v��
�Á�����š�Z���Œ�U���Á�Z�]���Z���]�•�����v���µ�v���À�}�]�������o�����(�����š�}�Œ�X��

6. Public events. Seven thematic plant fairs per season 
���Œ�����}�Œ�P���v�]�Ì�������]�v���š�Z�����E���'���~�^�^�l�Ç�o���Œ�l�������Ç�_�U���^�&���•���]�v���š�]�}�v���}�(��
�W�o���v�š�•�������Ç�_�U���^�Z�}�•���������Ç�_�U���^�,���Œ�À���•�š���&���•�š�_�����v�����}�š�Z���Œ�•�U�����µ�Œ�]�v�P��
�š�Z���u�� ���o�•�}�� �o���•�•�}�v�•�� �}�(�� �o�}�����o�� �}�Œ�� �]�v�À�]�š������ �o�����š�}�Œ�•�U�� �o���•�•�}�v�•�r
���Æ���µ�Œ�•�]�}�v�•�� �}�(�� �P���Œ�����v�[�•�� �•�‰�����]���o�]�•�š�•�� �~�^�Z�}�•���� �P�Œ�}�Á�]�v�P�_�U��
� �̂��u���Œ�]�����v�����Œ���v�����Œ�Œ�Ç���P�Œ�}�Á�]�v�P�_�U���^�d�Œ�����]�š�]�}�v���o�����Ç�]�v�P���‰�o���v�š�•��
of Latvia”), creative workshops for families and children 
�~�^�W�o���v�š�� �Ç�}�µ�Œ�� �‰�o���v�š�_�U�� �^�D���l�]�v�P�� ���Z�Œ�]�•�š�u���•�� �������}�Œ���š�]�}�v�•�_�•�U��
���Z���Œ�]�š�Ç�������š�]�}�v�•�U�����}�v�����Œ�š�•�U�����š���X�����Œ�����}�Œ�P���v�]�Ì�����X
�Z���P�µ�o���Œ�� �š�Œ�����]�š�]�}�v�� �]�•�� �^�^���]���v�š�]�•�š�[�•�� �v�]�P�Z�š�_�� �]�v�� �^���‰�š���u�����Œ�U��
as well as active participation in the events organized 
by Salaspils local government, like the fest of Salaspils 
�‰���Œ�]�•�Z�U���^���o���•�‰�]�o�•���Z���o�(�r�u���Œ���š�Z�}�v���^�����š���Z���š�Z�����Á�]�v���_�U�����}�š���v�]����
�}�Œ�]���v�š���š�]�}�v�� ���}�u�‰���š�]�š�]�}�v�•�� ���v���� �}�š�Z���Œ���‰�µ���o�]���� ���À���v�š�•�X�� ���o�•�}�U��
�•�}�u�����‰�Œ�]�À���š�������À���v�š�•�U���o�]�l�����Á�������]�v�P�•�U�����Œ�����‰�Œ�}�À�]�������X
Strengths: Thematic events enhance public awareness 
�����}�µ�š���E���'�X��
Weaknesses: NBG staff is employed in areas which are not 
�š�Z���� �‰�Œ�]�u���Œ�Ç�� �š���•�l�•�� �}�(�� �š�Z���]�Œ�� �Á�}�Œ�l�X�� �^�}�u���� �‰�µ���o�]���� ���À���v�š�•�� ���Œ����
giving more in financial incomes than in solving essential 
�(�}�Œ�����}�š���v�]�����P���Œ�����v�•���š���•�l�•���o�]�l�������}�v�•���Œ�À���š�]�}�v�����v���������µ�����š�]�}�v�X��
Opportunities: Additional rooms could essentially grow 
NBG potential in organizing different events, including 
as much as possible tasks of nature protection and 
���v�À�]�Œ�}�v�u���v�š���o�������µ�����š�]�}�v�X
Threats: Too much public during the mass events can 
cause technical threats to the infrastructure, collections 
���v�������Æ�‰�}�•�]�š�]�}�v�•�X

7. Interactive information panels. In the Conservatory 5 
digital information panels are placed, giving information 
about the NBG in general, with a special accent to the 
Conservatory plants and the role of botanic gardens in 
�‰�o���v�š�����}�v�•���Œ�À���š�]�}�v�X
Strengths: Interactive information panels are provoking a 
�•�‰�����]���o���]�v�š���Œ���•�š�U�����•�‰�����]���o�o�Ç���(�Œ�}�u���•���Z�}�}�o�����Z�]�o���Œ���v�X
Weaknesses: The amount of given information is not 
���v�}�µ�P�Z�X���d�Z���Œ�����]�•���v�}���o�}�����o���/�d���•�‰�����]���o�]�•�š���š�}���•�}�o�À�����š�����Z�v�]�����o��
�‰�Œ�}���o���u�•���‹�µ�]���l�o�Ç�X��
Opportunities: A growing amount and diversity of 

information is accessible in interactive form could 
essentially grow the NBG capacity in the area of 
���v�À�]�Œ�}�v�u���v�š���o�������µ�����š�]�}�v�X��
Threats: Interactive panels are digital devices which 
�����P�Œ���������]�v���š�]�u���X���d�Z���Ç�������v�������������u���P���������}�š�Z���u�����Z���v�]�����o�o�Ç��
���v�������o�����š�Œ�]�����o�o�Ç�U���Á�Z���v�����Æ�‰�}�•�������š�}���š�Z�����‰�µ���o�]���X

8. NBG homepage. Content of the NBG homepage 
�~�Z�š�š�‰�W�l�l�Á�Á�Á�X�v�����X�P�}�À�X�o�À�•�� �]�•�� �Œ���P�µ�o���Œ�o�Ç�� �����š�µ���o�]�Ì�����X�� �d�Z����
official homepage is an essential, primary source to get 
�š�Z�����u�}�•�š�����}�Œ�Œ�����š���]�v�(�}�Œ�u���š�]�}�v�������}�µ�š���š�Z�����E���'�������š�µ���o���v���Á�•�X��
By growing interest in Botanic gardens, it also grows the 
�����š�µ���o�]�š�Ç���}�(���š�Z�����Z�}�u���‰���P���X���d�Z�����(�µ�v���š�]�}�v���o�������š�]�À�]�š�Ç���}�(���š�Z����
homepage essentially facilitates information circulation 
�]�v�����}�š�Z���‰�}�š���v�š�]���o�����µ���]���v���������v�����E���'���•�š���(�(�X��
Strengths: The homepage is the most operative and effective 
tool of information circulation about the NBG actualities, as 
�Á���o�o�����•���š�}�����µ�]�o�����š�Z�����(�������������l���Á�]�š�Z���š�Z�������µ���]���v�����X��
Weaknesses: This information source is not available for 
�•�}���]���o���P�Œ�}�µ�‰�•���š�Z���š�����Œ�����v�}�š���µ�•�]�v�P�����}�u�‰�µ�š���Œ�•�X�������]�v�P���š�Z�����}�(�(�]���]���o��
homepage of the state institution, NBG homepage has 
to have structure and content mandatory for such a state 
�]�v�•�š�]�š�µ�š�]�}�v���r���š�Z���š���]�•���v�}�š�����v�š���Œ�š���]�v�]�v�P�����v�}�µ�P�Z���š�}�����š�š�Œ�����š���Ç�}�µ�š�Z�X
Opportunities: Another homepage with the separate web 
address, specially designated for children and youth audience, 
���}�µ�o�����������š�Z�����‰�o���������(�}�Œ���u�}�Œ�������v�š���Œ�š���]�v�]�v�P���]�v�(�}�Œ�u���š�]�}�v�X
Threats:���W�}�•�•�]���]�o�]�š�Ç���}�(���Z�����l���Œ�����š�š�����l�•�X

9. Accounts in the social networks. NBG is keeping its accounts 
�]�v���š�Z�����•�}���]���o���v���š�Á�}�Œ�l�•�W���&���������}�}�l�U�����Œ���µ�P�]���u�X�o�À�U���d�Á�]�š�š���Œ
Strengths: One of the promptest communication 
�(�}�Œ�u�•�X�� �W�}�•�•�]���]�o�]�š�Ç�� �š�}�� �µ�•���� �•�}���]���o�� �������}�µ�v�š�•�� ���•�� ���(�(�����š�]�À����
advertisement tools, as well as providing feedback with 
�š�Z�������}�u�u�µ�v�]�š�Ç�X
Weaknesses: Need to provide a timely reaction to 
�š�Z���� �]�v���}�u�]�v�P�� ���}�u�u�µ�v�]�����š�]�}�v�X�� �d�Z�µ�•�U�� �•�}�u�����}���Ç�� �u�µ�•�š��
�‰���Œ�u���v���v�š�o�Ç���^�������}�v�o�]�v���_���(�}�Œ���š�Z���š���Á�������Œ�����v�}�š���Œ�������Ç���Á�]�š�Z��
���Æ�]�•�š�]�v�P���Z�µ�u���v���Œ���•�}�µ�Œ�����•�X��
Opportunities: Making information circulation in social 
accounts more intense and regular, social networks can 
���������v�����(�(�����š�]�À�����(�}�Œ�u���}�(�����}�v�v�����š�]�}�v���Á�]�š�Z���š�Z�������}�u�u�µ�v�]�š�Ç�X��
Threats: Social networks can be used also for NBG image 
�����v�]�P�Œ���š�]�}�v�X��

10. Press releases. Information about NBG actualities is 
�Œ���P�µ�o���Œ�o�Ç���•���v�š���š�}���š�Z�����u���•�•���u�����]�����]�v���š�Z�����(�}�Œ�u���}�(���‰�Œ���•�•���Œ���o�����•���•�X��
Strengths: Media are often publishing positive 
information, such a way equalizing the amount of negative 
�v���Á�•�X�� �/�š�� �‰�Œ�}�À�]�����•�� ���������•�•�]���]�o�]�š�Ç�� �}�(�� �E���'�� �]�v�(�}�Œ�u���š�]�}�v�� ���v����
�Œ�����µ�����•���š�Z�������u�}�µ�v�š���}�(���‰���]���������À���Œ�š�]�•���u���v�š�X��
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Weaknesses: Coverage of printed media is declining, as a 
�Œ���•�µ�o�š���������o�]�v�]�v�P�����o�•�}���š�Z�����v�µ�u�����Œ���}�(���]�v�(�}�Œ�u���š�]�}�v���Œ�����]�‰�]���v�š�•�X��
Opportunities: Printed media stay to be the main 
communication form with the rest of the community not 
�µ�•�]�v�P�����}�u�‰�µ�š���Œ�•�����v�����/�v�š���Œ�v���š�X��
Threats: Sometimes as a result of incompetent edition 
of the press releases by journalists can be published 
�]�v���}�Œ�Œ�����š���}�Œ���(���o�•�����]�v�(�}�Œ�u���š�]�}�v�X��

11. Printed booklets. Periodically informative booklets 
are issued, used in advertisement events and shared free 
�š�}���À�]�•�]�š�}�Œ�•�X��
Strengths: A booklet is an information source reminding 
about the visit and promoting coming again, also it may 
�������µ�•���������•�������µ�����š�]�}�v���o���u���š���Œ�]���o�X
Weaknesses:�� �W�µ���o�]�•�Z�]�v�P�� �]�•�� ���Æ�‰���v�•�]�À���X�� �K�(�š���v�� �À�]�•�]�š�}�Œ�•�� ���Œ����
�š���l�]�v�P���š�Z�����(�Œ���������}�}�l�o���š���i�µ�•�š�����������µ�•�����}�(���^�v�]�������‰�]���š�µ�Œ���•�_���}�Œ��
�^�]�š���]�•���(�}�Œ���(�Œ�����_�U�����v���U���‰�}�•�•�]���o�Ç�U���]�š���v���À���Œ���Á�]�o�o���������Œ�������X��
Opportunities: Booklets on natural historic themes can 
be effective learning materials, simultaneously following 
�µ�‰�� ���v�P���P���u���v�š�� �(�µ�v���š�]�}�v�•�X�� �^�µ���Z�� �]�v�(�}�Œ�u���š�]�}�v�� �‰�Œ�����š�]�����o�o�Ç��

���}���•���v�}�š���P�}���}�µ�š���}�(�������š���X��
Threats: Changing information can go out of date, and 
some amount of printed material becomes unusable 
�š�Z���š���]�•�����v���µ�v�����}�v�}�u�]�����o���Á���•�š�����}�(���Œ���•�}�µ�Œ�����•�X��

12. Popular scientific issues. Many NBG specialists are 
authors of the hundreds of scientifically popular articles 
�]�v���š�Z�����i�}�µ�Œ�v���o�•�����v�����v���Á�•�‰���‰���Œ�•�U�����•���Á���o�o�����•���š�Z�������}�}�l�•�X��
Strengths: NBG specialists are high authorities in Latvia in 
�š�Z���]�Œ�����Œ�������}�(�����}�u�‰���š���v�����X���d�Z���]�Œ�����Œ�š�]���o���•�����Œ�����š���l���v���]�v���>���š�À�]����
with more trust than translated articles of foreign authors 
�Á�Z�]���Z���u���Ç���������v�}�š���������‹�µ���š�����š�}���š�Z�����o�}�����o�����o�]�u���š�]�������}�v���]�š�]�}�v�•�X��
Weaknesses: Not always authors can present the content 
�]�v�������•�Ç�����v�������v�š���Œ�š���]�v�]�v�P���(�}�Œ�u�X
Opportunities: We must improve the style, making 
popular scientific issues not only informative, but also 
entertaining, including those for children and teenagers, 
because those issues are one of the first sources, forming 
�š�Z�����]�v�š���Œ���•�š���]�v���š�Z�����š�Z���u���•���š�Z���š�����Œ���������š�µ���o���(�}�Œ���µ�•�X��
Threats: Printed literature is in an unfavourable situation 
�]�v�����}�u�‰���Œ�]�•�}�v���Á�]�š�Z���/�v�š���Œ�v���š���Œ���•�}�µ�Œ�����•�����v�����}�š�Z���Œ���u�����]���X��

RESULTS
Analysis of existing possibilities and experience of 
NBG in environmental education showed that existing 
infrastructure is not enough to perform planned work 
���]�Œ�����š�]�}�v�•�� ���v���� �����š�]�À�]�š�]���•�� ���(�(�����š�]�À���o�Ç�X�� �d�}�� �����À���o�}�‰�� �š�Z����
potential of environmental education an establishment 
�}�(�� �•�‰�����]���o�� �]�v�(�Œ���•�š�Œ�µ���š�µ�Œ���� �t�� �š�Z���� �����v�š�Œ���� �}�(�� ���v�À�]�Œ�}�v�u���v�š���o��
�����µ�����š�]�}�v�� ���v���� �/�v�(�}�Œ�u���š�]�}�v�� �~�������/�•�� �]�•�� �v�������•�•���Œ�Ç�X���/�š�� �Á�}�µ�o����
ensure the formation of environmental thinking for 
sustainable development and community education 
about the ecological and economical role of plants, 
biodiversity conservation, environmental technologies, 

�µ�•�]�v�P�� ���]�À���Œ�•���� �]�v�(�}�Œ�u���o�� �u���š�Z�}���•�X�� �d�Z���� �����v�š�Œ���� �}�(��
Environmental education could become an entertaining 
tool in popularization of knowledge in areas of nature and 
environment, as well as for the community engagement 
�]�v���•�}�o�À�]�v�P�����v�À�]�Œ�}�v�u���v�š���o���‰�Œ�}���o���u�•�X��
CEEI would be a separately functioning object in the NBG 
with the permanent exposition, capable to receive both 
�}�Œ�P���v�]�Ì������ �P�Œ�}�µ�‰�•�� ���v���� �]�v���]�À�]���µ���o�� �À�]�•�]�š�}�Œ�•�X�� �&�}�Œ�� �š�Z���š�� �P�}���o�U��
the former administrative house and old conservatory 
�Á�]�o�o���������Œ�����}�v�•�š�Œ�µ���š���������v�������}�µ�v�����]�v�������i�}�]�v���������µ�]�o���]�v�P�X

DISCUSSION
	 Basic attributes of the CEE
Audiences:�� �‰�Œ�]�u���Œ�Ç���r�� ���Z�]�o���Œ���v�� ���v���� �š�����v���P���Œ�� �]�v�� ���P���� �(�Œ�}�u�� �ñ��
years to the end of high school (in groups); families with 
���Z�]�o���Œ���v�V�� �����µ�o�š�•�� �}�(�� ���o�o�� ���P���•�� �Á�Z�}�� ���Œ���v�[�š�� �o�}�•�š�� �š�Z���]�Œ�� �^�]�v�•�]������
child”, who like discover the nature and spent their free 
�š�]�u���� �]�v�š���Œ���•�š�]�v�P�o�Ç�V�� �•�����}�v�����Œ�Ç���r�� �š�Z���� �P�µ���•�š�•�� �}�(�� �E���'�� ���À���v�š�•�V��
���}�u�u�}�v�����Æ���µ�Œ�•�]�}�v�•���~�P�Œ�}�µ�‰�•���}�(���Œ���š�]�Œ�������‰���}�‰�o���U���š�}�µ�Œ�]�•�š�•�����š���X�•�X
Languages:�� �‰�Œ�]�u���Œ�Ç�� �r�� �>���š�À�]���v�U�� ���v�P�o�]�•�Z�U�� �Z�µ�•�•�]���v�� �~�š���Æ�š�•��
in the exposition); secondary: Estonian, Lithuanian, 
�'���Œ�u���v���~���}�}�l�o���š�•�U���Z�}�u���‰���P���•�X
Message:�� �o�]�(���� �}�v�� �š�Z���� �����Œ�š�Z�������‰���v���•�� �}�v�� �‰�o���v�š�•�X���d�Z�Œ�}�µ�P�Z��
the plant’s micro parts to understand the global 
�]�u�‰�}�Œ�š���v�����X
Goals: to promote understanding of the processes 

going on in the nature; to awake interest in plant life 
by entertaining and surprising with the different facts 
and effects; to educate about environment protection 
and conservation issues; to enhance National Botanic 
Gardens educational capacity; to scale the number of 
�E���'���À�]�•�]�š�}�Œ�•�����š���o���•�š���(�}�Œ���î�ì�9�X��
Place in the NBG structure: Centre of Environmental 
Education should be a part of the Department of 
�����µ�����š�]�}�v�����v�����/�v�(�}�Œ�u���š�]�}�v�X��

	 Estimated content of exposition of the CEE
Common principles. Placement of living plants in the 
���Æ�‰�}�•�]�š�]�}�v�� �]�•�� �v�}�š�� �‰�o���v�v�����X�� �>�]�À�]�v�P�� �‰�o���v�š�•�� ���v���� �‰�Œ�}�����•�•���•��
connected with them should be demonstrated in the 
































































































































































































	Utilization of Limonium ex situ collections to study the occurrence of apomixis

