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FOREWORD

On behalf of the European Botanic Gardens Consortium (EBGC), the University of Lisbon and

& Ju }S v]} ig ~3}Sv] " v }( ip *}vSZ } e]}v }(]8e TR
JEP v]I 8Z 6&U pPE}% Vv IVPE ¢ }( }3v] "E vet puE} E
Jv >]* }vU 6e&UriieeU u C 11i6X hv & 8Z §Z u ~}5v] 'E veU W
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 00 VP ¢« §Z § }uyE %0 v § ( X nE} & s/// &]vP 8}P §Z & §Z
"E ve]v UE}% Vv }3Z & A}Eo & P]}veX D}E }A EU 3z inaU
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 Aichi Biodiversity Targets adopted

¢ sz | &®]vrD €}ve]lv }SvVv] P E ve (J& 7171 X

The Congress included a diverse range of subjects and topics on biodiversity conservation,

*% ] 00C €E 038 38} %0 v3e v 3Z }Ju%o £ v AESvVe]A E}o
emphasized how Botanic Gardens have been actively involved in shaping national and
Jvd Ev 8]}v 0 %}o] 1 Vv %@E 3] * ]Jv %0 vS }ve EA 3]}vX dZ C
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 ESv E*Z]% (JE Wo v3 }ve EA 3]}v ~"WW 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

§} o0 i0 S EP S« C o EP EGU 83 & & *}pE U }Sv] P E veX

It was pointed out during the Congress that we are coming to a crucial time for plant

}Jve EA 3]}V %}0o] ] » 8Z '"W & EP S+« E pn 3} §3 v C i
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

Jve EA 3]}v (JE 3Z % E]} (8§ & Ti71iX /8 ] o]l oC 82 § §Z]
importance of the Sustainable Development Goals and be even more closely aligned with
§Z 1 Z]d EP &+ 3Z v 3ZC2ZA V % @E A]}peoCX dZ T1iii "pes v

provide an opportunity for botanic gardens to integrate more fully their work with more
*} 1}r }viu] }v Eve AZ] Z Ju%e 3§ }v 8Z }Ive EA 3]1}v }( 1} JA E-]



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

] ) u 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
Wo vU « A oo + E §]}vo ]} ]JA E+]SC "SE 8§ P] » v §]}v Wo veX
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 (]38 «Z E]JVvP §}}X dZ }JVP@E ¢+ A ¢ % ES] po EoC g ese(po Jv
of projects, case studies, initiatives that clearly demonstrate outstanding progress in many

E *}( v AJjuE E 038 38} 3Z]E }oo 3]A uJee]}vX

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
*U%B %} ES X dZ PE}% Vv }SVv] P E v Vv v ¢Zluo %0 C Ju%e}E
VIESZ *}u3Z }}% E 3]}v v % ESv E]JvP A]SZ epu Z Jved]Sus]}ve
The development of new models for botanic gardens in other regions of the world can

AE%0}E S}} 8§} veuy®E& 8Z 8§ SZ C & wu}eS epu]l]S S} o} o ¢]Su S
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
% E}S § E v SA}EIe v v 3]}vo VA]JE}vu v8 o % E}S 3]}v u
with communities at local levels were especially recommended, both in the urban and
EUE o VA]JE}vu viX Z] AJvP epe3 Jv o }Juupv]8] * ]Jo v ee V3]
epned Jv o VA]JE}vu viX
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Dalila Espirito Santo
Head of Eurogard VIII Congress

Peter Wyse Jackson
Chairman of GPPC, Honourable President of ECBG
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THEME A
BOTANIC GARDENS AND SCIENCE



UTILIZATION OF LIMONIUM EX STOLLECTIONS TO STUDY THE OCCURRENCE OF
APOMIXIS

SOFIA I. R. CONCEIGADIA SOFIA ROtSANA D. CAPERTA

1Linking Landscape, Environment, Agriculture and Food (LEAF), Instituto Superior de Agronomia (ISA), Universid
>]e } U d %o ig U iiddriio >]» } U W}ESuUP o

2School of Psychology and Life Sciences, Universidade Luséfona de Humanidades e Tecnologias (ULHT), C:

'"E v U i6oU i6o6drito >] } U W}ESuUP o

ZV 0 MV C>]e Xpo]e } X%$§

ABSTRACT
]JE X719 }( (0}A E]JVP %0 v3s Pv E & Iv}Av 8} }vS8 ]v % }u] 8] <% ]
sea lavenders LimoniunD]Joo P vpue (E}u $Z Wopu Plv (ulJoCX dZ]e P vue ]e

complex groups generally characterized by hybridization, polyploidy and sexual (outcrossing, selfing) and/or asext
u} ¢ }( % &} m 8]}V ~ %tu]E]eeU Vv I}E uo 5 EJo]SCX dZ + E % E} M
% }00 vreS]Pu JUYE % Z]*u o]vl §} *%}E}% ZC3S] < o(r]vekshdlignoiohs C «C
collection (circa 350 plants) with representative members of several species with the aim to characterize sexus
v =+ /Epo ee]lve v ZC E] ]}3C% U <« A oo =+ 3§} s3p C 3Z } pEGE
combined a cytogenetic, ovule development, reproductive phenology, and transcriptomic approach using plants o
§Z + }oo §]}veX D}sdmanibs dinedroshifn, Limonium dodartii, Limonium nydeggdiiimonium
ovalifoliumwere characterized cytogenetically through genome size estimations and chromosome counts to asses
§Z ]E %0}] C 0 A 0*X dZ vU %}00 vte3]Pu Ju}E%Z]eus A E £ u]v v
A E voCl X/v3zZ]e ACU (JE Z]v]Al poses Epo VvVIIE %}u] §] A
were further used to produce F1 offspring plants using either plant as a male donor or female receiver througt
E}ee ¢ U}VP ]%0}] ¢ £u oeU v SA v § §E %0}] ( po3 3]A  %o}lu] $-
u}e3oC }E]P]v § ]%0}] %0 vie AZ E « JvE E%0}] E}ee ¢ }vOoC %o E} M
the present study our goal was to characterize the reproductive phenology of offspring plants resulting from suct
E}ee X /v Z}u}%o0}] E}ee ¢ }85Z % E VS 0 %0 VSe Vv SZ J%o0}] }((*% E
% }oo0 v AlJ8Z Z]PZ %}oo v PE ]Jv A] ]Jo]3CX tZ]Jo ]v ]JvE E%o0}] E}ee oL
%0 V3e U}*30C (JEU Z & E}P v }us ]I v V}VrA] 0o %}oo vX
Cytogenetic and transcriptomic studies using these F1 plants are ongoing to investigate chromosome transmissi
V %]P v 8] 08 & §]}ve Jv 8Z }Apo 38leep U v 38} (Jv P v 8] ru}o po E
%0 } u ] /E] X

KEYWORDS
Genetic Crossing, Plant Reproduction, Pollen Viability, Polyploidy

INTRODUCTION
The halophytic Limoniungenus (Plumbaginacege 1iiTV }ES]vZ « § oXU TiiAV Ze]e S O0OX
typically found in coastal areas and saline steppe XU Tii6X
]*3E] pus oo }A & 3Z A}Eo -~ MEEhugelcyidiagicdl diverdit/i hibl been reported in this
i0dieU ] v Jvs E <S]vP ]}0}P] o «@niisurgigig «ffom €uplddd &d aneuploid diploid to
reproductive biology of groups with complex taxonomy} §}%00}] C8}3C% » ~ E vU io66U id6d
Azl zZz zZ & }uE «]Pv](] v3 1} ]JA EY8QYy ~®EJP}IE] "oXlW iddiV ES o E]
TiifieX dZ e Ju%o £« E P v E 0pEP BUEIUBIE]IS oX TiioV «SE} ~ .
C HUV]% E v3 0o E %E} pu 3]}v € XPHUS .« oXU EEM]IIEIYWZ « § oXU Ti
P u}e¥% EuC ~]X XU %otUu]E]U ToPwe X ] 66 [E }» YoLSdalifelibhRiXtPx = 16)
through seeds), gynogenesis], hybridization at som& % &} 0 < AL 00C ~ E vU i6O60V Z-
P&E U}VP ]38 uu E*U Vv %}oC%%o0}dXQ) +i0» SEEGUPZ §Z (}EuU S]}v }(
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tetrasporic embryo sacs @agea ovaype (Romanov, TetraploidL. multiflorumshow chromosome pairing and
i6AOV Ze+]e § oXU TiioeU v § SE& <sKgidgalipn iPeguldritis Z0Qr&ge male meiosis leading
of Adoxa andDrusa SC% ¢ ~ ZoP @& vU iddothe fgrmationUof abnormal meiotic products and
6OV Ze]e & oXU TiioeX d SE %o 0 pplleft graind Wi a céitajpsdd dmorphology, which are
~ XIP ddswallianum, 2n = 4x = 35, 36) and tetraploigv o 3§} P CEu]v § ]Jv A]JS3E} ~Z<]* 3§
uStviulpue % }ju] & multidPudiln = 4x = pollen stainability inLimoniumappears to be high in
TAU 70 ~Ze¢]e § o0oXU Tiide (}Eu uséxdd diploids, whil& in polyploids, low to high fertility
]% 0}e% }E}Iue u EC} ¢ ¢ ~/VPE}WMoo0o V B %YESHBOOGVE vU i6606U.i660-
i OUCA]*S " "E 1]*X dE]%0}] ( po SvigidpLoi(2ries}3K]=2%) ~polléhXnids either not produced
virgatum, 2n = 3x = 27) originate meiotic embryo sagSE A]3Z A EC 0}A +3 Jv ]0]8C ~Ttii ¢
]Jv % & oo o A]3Z % }u] 8] u EC} Contrastifglyuindpkhpiddtiunile2n = 6x = 54), a high
]% 0}] <% ]L.covalitélRih tisplay regular male % E vS P }( ( €S]o % }oo v PE ]Jve
U Jtele HUS %}0C%01}] 1%o prulfif®suny XPXAU}v ~ /VPE}p]oo U iddfheX
frequently show disturbed male meiosis leading tBrevious  embryological, reproductive biology
low pollen quality and quantity or even complete male £%0 E]Ju vSe ]v >Julv]yuu ~Ze+]e § oXU
S (E]0]SC ~Z-+]e § olX bvaiifdlivmsho\We 8316) and but also on differences between diploids and
regular male meiosis resulting in normal tetrads, whidbtraploids in their extent of morphological and genetic
develop into the characteristic unicellular, bicellular, oA E] §]}v ~Ze<]e & oXU TiiiV Z+]s § o
SE] oopOo E %}0o0 VvV PE Jve ~Ze]e DOXWXUideile dhe-S}PAE JVPpSZ ]I 3Z §
A£Z] 15 §Z S8SC%] o u] E}r }E upréddatidn ddcyr dbetweendHes plants originated from
JEV u v8 8]}V % 38 EveX D}e3 }( SZZJuPhEO}ys WE |VE] G%o0}] E}ee X
V % E} [ %}o00 v Sp ¢ Jv AJSE} ~Ze+]e & oXU TiiTeX

MATERIAL AND METHODS

Plant materials and growth conditions

§}8 0 }( i7 « o(r]v Ju% 3] 0 %0 V3 Palebyi@bility\ahafids }(
diploid specied,. ovalifoliummandL. nydeggeri2n = 2x = Pollen viability was scored using Alexander’s stain
ioe ~ & vU iddiU id60V Ze]e S oXH d3ii~W &£ ¥ TEHI%IO6P]os ]v % E vS 0 ¢
speciesl. binervosurmandL. dodartij (2n =4x =35,36) E *u0S]vP % E&}P vCX dZ 38}S o vpu (
~ E vU i6di* A E pe Jv }vEE}oaas dEtgsminedand opolienXviability estimates were
Five homoploid (diploid vs diploid) and four interploigerformed by one person using three flowers (five
(tetraploid vs diploid) crosses were made followingnthers) per plant; the number of pollen grains was
§Z u §$Z} }o}PC Jv ~Ze]e § oXU TiigNVvSIv uv }ES VvO%BE] o0 o]PZS u] &} }
7116 Jv E A]e]}veX W E vS 0 %0 v3eiev SSENIE IRI%JEIYVPRXEZ % E v3 P
maintained in the greenhouses at Instituto Superior d® E Jve % & (0}A E A ¢ +3Ju § X
PE}v}iu] X

RESULTS AND DISCUSSION

In this study we observed that tetraploid plantsn pollen viability were found among individuals from

started blooming earlier than diploid plants as well adistinct species, respectivélybinervosum ard dodartiix

differences on pollen viability were observed in diploidA v Jv 8§ S@E %0}] ]Jv JA] u o« }(LEZ =«
vV § SE %0}] %0 vSe ~d o T¢X /v Bnerv@&um Uheidiverg]renigrkabledifferences in pollen

plants presented a higher number of pollen grains pg? E Jv A] ]0]3C ~%o0 + e+ d o TeU (Q
(0}JA & 8Z v 8 SE %0}] %0 v3eX /VE %} Go0oE (VE D] HpDCVE 6 X1 X

these pollen grains were homogenously sized, whereasTine offspring plants from diploid x diploid crosses showed

§ SE %0}] %0 vie Z & E}P v }ue ]I Z¥PIDo~YA]<E 60%+ Xus 0}A E %}oo v A
J(( E v ¢ ]Jv %}o0o v <p 0]3C ~&]PXZiv AZHE %eEYPuw]3}EX }VA E+ oCU

SA v ]%o0}] § SE %0}] % o vDriginatbtbdmh] tetbaplde w iptoid crosses exhibited a
plants showed a high percentage of viable pollen graingry low pollen viability in comparison with both diploid
JA E 619U AZ]Jo Jv 8 SE %o0}] % EWS D3E0% O3] ](% EEWSe0 %0 vSeX K((
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tetraploid x diploid crosses showed much lower viableA v Ju%0 § u o0 8 EJ]o]3C ~Ze+]+ 3§
pollen production than offspring plants originated fronputative triploid apomict. algarvensé2n = 3x =25, 26,

]%0}] A& ]%0}] E}ee X % ES & oXU 1ii6eU Z § E}P vipe ]l
Iv ( 83U ]%o0}] -el%ovdlifeliupdhBukidgular ( E3]o0]SC ] o0} } » EA ~3tv 1 } 8§
Uuo u]}e]le ~Ze¢]e 8§ oXU TiiTe pu3 Repmkétoly, lin theXetfap]oldl binervosum complex (2n

~ XIB rultiflorun frequently present disturbed male = 4x = 35), male sterile and male fertile colonies have
meiosis leading to low pollen quality and quantity or v (}uv Jv §8Z @&]S8]*Z /0 » ~/VPE} U]

CONCLUSION
This study highlights contrasting responses in pollen
production in diploid and polyploid plants with distinct
reproductive strategies, sexual and/or apomixis, and
Julv]eZ « SZ Ju%}ES v }( %}tu] S ¢ %}o0o v }Vv}IEX
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via meiotic restitution and pollen heterogeneity map E&] W Z o : €& _v }S v] }U 2~/ U 7tiaiX
explain residual male fertility in triploid marine halophyteE v D X ~Lithdfium nydeggeri eine neue Art aus
Limonium algarvense (PlumbaginaceXe)’ & C}o}P3ubdwdstportugal. » v §v B OW {iiriioX
Z Al*]}vX "}EP 1}%}puolu XU D vipelp "XU ES o
}ES]vZz «+ XU & v DXU W po W e« KXU~TtHreading} systeds axtd cytology in Greek
'MW ErZ<«<upyv DXU v % ES X X ~{ddpudatictifarbdiemicimonium species (Plumbaginaceae)
complexity in the halophyte Limonium vulgare ardt]oo V}A] T0W 068irofiX
related taxa (Plumbaginaceae): insights from analysj$ ou<A]e3U ,X v 'E [JU &X ~id0d+X ~3u
of morphological, reproductive and karyological data’u EC} A 0}%u v3X }8 v]el v}8]e E i
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[vPE}u]Joo DX :X v ~§‘The KimoXKiumi@bglegeography and modes of reproduction in
binervosum aggregate (Plumbaginaceae) in the Britidiploid and tetraploid halophytes of Limonium species
Isles. }$ v] o :}uCEv o }( §Z >]vv v "} (PléntbhainAcdaed:Bvideqce for a pattern of geographical
<p ]1811] <X ‘Pluinbaginaceae. JvW <X <pphihehdgenésis. vv o« }( }3 vC ii6W i6tAiX
ZYZA EU " sX ]83CE] Z ~ +X+U &0}A @IyP Wo'X¥r { |BI® WU ~Z E o dX &X
A rdT U A}oX X "% E]JVP E Eo]v, ]*% EPYraTustiixXu v %oMAES fertikty X ~T1
Ze]le X XU Z} E_Pp 1l ><% I X DXU veysEsitedlity, cytalypefFand DDX Quantitative variation
*% E]S}r™ v8} XU t]ol]velv DX XU ivseedpra@igtiondn dipleid dirid tetraploid sea lavenders
‘Epigenetic rather than genetic factors may explaifLimonium sp., Plumbaginaceae) reveal diversity in
phenotypic divergence between coastal populations r&production modes’. Sexual Plant Reproduction 25:
diploid and tetraploid Limonium spp. (Plumbaginaceaé&) fitid X

inPortugal. D Wo vS ]J}o}PC iTWTiAX Z}u vIA /X X ‘Embiyo «sac in the genus Tulipa.
Zele X AXU N ]} &XU W po} KX AXUld%A @& v' U ~WIio O WX uj o N
*% _E]S}r* v8} XU ~"Z E o dX &X w©[hZ% G8W XiRtiHT6i0e

TABLES AND FIGURES

Species e¢]}v vpu @KE]P]vO E %o0}] C o A o0
L. binervosum Lb201314P1SJ AJEIU ~}: JvE} 4x

L. binervosum Lb2010I11CM Figueira da Foz, Cabo Mondego  4x

L. binervosum Lb2010I12CM Figueira da Foz, Cabo Mondego  4x

L. dodartii > fiii/io » K ul]@& U } AN E U WHKESUP o
L. nydeggeri >Sviiio/ii Peniche, Baleal 2X

L. nydeggeri >viiidg/inz Wv] ZUA?MNE X }e Zu Jde

L. nydeggeri >viiie/onz Wv] ZU?rE X }e Zu [P

L. nydeggeri >viiidg/onz Wv] ZU?rE X }o Zu Do

L. nydeggeri >viiid/i Aljezur, Carrapateira 2X

L. ovalifolium >3iie/ 2X

L. ovalifolium >}1i6/1 z Cascais, Cabo Raso 2X

L. ovalifolium >1iiid/i> Lagos, Praia da Luz 2X

L. ovalifolium >1iiié/a » Vila do Bispo, Cabo de Sagres 2X

Table1: s}u Z € *% Ju ve Vv % E}A v v }( %0 vie pue Jv §Z P v §] E}ee
e ¢ }l00 8§ ]Jv }vS]vvs o W}ESUP oX /v(}EuU S]}Vv }Vv % ] ¢ ] ]v 0%Z
PJA vX
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Parental plant accession

Percentage of

No. of pollen

Offspring average of pollen

No. of

number X?v?fr pollen/ grains/flower viability percentage i?::jsi\r/)ir(;rl]?als
Diploid/Diploid Diploid x Diploid

>}iiio/i> 606Xn noo 06X06 ~106fd- 0
>}Tii6/1 06 844

>Svitio/ii 06 X1 784 0TX06 ~0diile 11
>}iiio/a A 06X0 508

>viiid/ionz 100 715 01X ~iioie 5
>}1ii6/a A 006X0 508

>viiidg/onz 006X0 464 0TX0 ~TiT0-" 8
>}iiio/a A 06X0 508

>}1i16/1 Z 00X0 661 00Xi ~TilTe 6
>}1iié/a A 006X0 508

Tetraploid/Diploid Tetraploid x Diploid
Lb201314P1SJ 0 X1 456 IXi ~i600- 4
>viiio/inz 006 Xi 256

Lb201011CM 00X0 ido IXA ~T76fe 6
>viiio/inz 006 Xi 256

Lb2010I12CM 07TXo 450 IXi ~16i0-° 4
>viiig/inz 006 Xi 256

> Tiii/ie » 0AXOd 435 iXA ~{iofe 2
>viiio/i 006 Xi 443

Table 22W}oo0 v A]

lo]sC }(u}sz &

PJA v ]Jv % E v3Z *]*X

Figure 1: Pollen viability limonium. X s] o

%00 VSe

%o b oawalifoliimV. v

V Y }((*% E]VPX dZ

X hvA]

ViU

E }( 9

o L. Berjemvasum] X
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THE INTERNATIONAL PLANT SENTINEL NETWORK

KATHERINE O'DONNELRUZANNE SHARROQOKIARLES LANEICHARD BAKER

+}8v] 'E ve }ve EA 3]}v /vd Ev §]}v oU idd < A Z} U Z] Zu}v U dté i tl
2The Food and Environment Research Agency, Sand Hutton, York, YO41 1LZ, UK

3Department for Environment, Food and Rural Affairs, Sand Hutton, York, YO41 1LZ, UK

| §Z E]Jv X} }vv oo> P ]X}EP

ABSTRACT

IVA «]JA 0] V %0 VS % ¢3¢ Vv Je e 0E C %o} Jve] E o SZE §
increased globalisation of trade in plants and plant material, and the effects of a changing climate, this threat i
% @E ]85 38} }v3]vp 8} EJe X /IVE Vv3C E+U SZ A}JE0 Z s+ v +Z E%
JEP v]eue AZ] Z pupue o EP « 0o VA]JE}vu vi o vV Iviu] uP X <]Pv](]
% E ] S]vP AZ] Z JEP v]eus AJoO %o}e §ZE 3§ ]v 8Z (USUE X WE A vi]}v
§Z « }EP v]eueV Z}A A E & Pupo 3]}v € 0] * H%}Vv 0]*8e }( IVIAV % *8¢ v
(Juv }pse] S8Z ]JE v S§]A E VP « §Z 8§ v ‘HEAC (JE uP CJIEP v]eu
Monitoring plant sentinels can also help to build knowledge and understanding of pest/host relationships to suppor
§7 A 0}%u v3 }(uvVvV P uvsd %0 ve v E]el ee ooy vieX

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

INTRODUCTION
Introduced plant pests and diseases have had, and wikS o0]*Z Jv vivrv 8]JA & P]}veX dZ
continue to have, devastating impacts on plant specieshanced monitoring of plants that are growing outside
E}uv §Z A}Eo X dzZ SZE § (GHeirnatural régions for damage by all the organisms that
pathogens is only set to rise as the rate of international&£]+38 Jv 82 v A VvA]JE}vu v3V ]X X Z-
trade increases, involving greater numbers of countried 0o ¢ Z 0% ]vP 3} ] Vv3](C Zuviv}Ave]
and trade routes, creating new pathways for theiresearch can also provide key information about pests
JvSE} p §]}vX and diseases that scientists already know but which are
Most European countries utilise a process called Pes}}Eo0oC Z E S E]e X dZ u}E& =+ ] Vv§
Risk Analysis (PRA) to regulate risk within trade, whioktitutes) know, the better the management plans
(} pe * }JvIviAv 8ZE §+X « (E -posthat can Bd pit in plackAw prevent the introduction of
JEP v]eue ~ZpviviAve[e &E }(3 v socK pesis\adi/d? glowdr dtbp their establishment and
increasing the chances of their introduction into new % & X &}E& §Z]s & }vU SZ Ju }( §
JUVSE] X | C Jeen S8Z § < ] v3]-thgether experts oM |differedt backgrounds who work
predict which of these organisms could/will causm plant health, including those working in governments,
% E} 0 us (JE %0 vie Jv §Z (usuE ddademidiBstiiatiohs and NGO’s combined with staff
Botanic gardens and arboreta are in a unique positioA}EI]JvP Jv }8 v] P E ve v & }E § )
to aid in the identification of such unknowns; withiBGCI manages two unique databases that contribute to
their collections they play host to expatriate plants that W * E §]A]8] X ' E v~ E Z ~1iideU
can act as sentinels for these potentially invasive andl all known gardens listing key information such as
u PJvP }EP v]eueX significant collections, location (country, region, GPS
The International Plant Sentinel Network (IPSN) wesordinates) and contact details, all of which can be
* 3 HU% ¢ V EoCrA EV]VP «CeSpwr (HE | (WSYE PhESve Jv E « }( ]vs G
% ]Je ¢« S§ZE 8¢ ~<E& u & v ,]@018), aigi¥baddataliase cataloguing living plant, seed
are over 3,000 botanical institutes around the worldand tissue collections of gardens, allows the location of
AZ] Z ZYpe 1irdi9 }( Iv}Av %o et aiXe parfichlar species in countries around the world to be
TiioeX /VSE} p %0 vSe Jv §Z « P]@E&vSJ¢] & }DIE}( £Z ¢ S}loe v he S
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( ]Jo]s8 8§ v EJA E + E ZX &}E A u%o U «3u CJvP §Z
susceptibility of Fraxinuss} A}S8] % ¢S v ]o ¢ X
GardenSearch and PlantSearch can be used to identify
gardens that have Fraxinuyv §Z JGE }oo S]}veX dZ -
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
8§} Z ]JE v §]A & P]}vX &]PX i «Z}A. §Z Juulv Z
species Fraxinus excelsior in nearly 200 botanic garden
}oo 3§]}ve E}uv 8Z A}Eo X
Advantages of botanic garden collections include
established planting and also provide the opportunity to
study older specimens, which can be important when
oo eo]VP SZ (E]°l %o ¢S %o}e ¢ S} %o ES] MO E *% ]| *X /v
addition botanic gardens and arboreta have trained and
% *+]}v & 3 (( 8Z & A}EI }v Cr3}r C ]+ Al3Z 3§Z
%0 vSe Jv SZJE & X '"E& Vv S (([* ]o]SC 8§} & }Pv]e U v
importantly understand, unusual changes in a plant’s health
will be central to the identification of damaging organisms The International Plant Sentinel Network.
Although botanic gardens and arboreta offer excellerdZ /WA"E ] (uV SZE}uPZ hw,zZ N K
sites to carry out sentinel plant research they arproject) by the Department for the Environment, Food
HEE v3oC }(8 v }A Eo}}l C E vVEHUIEEX (0ZE/W "EE « v }}E& ]Jv §
raises awareness and trains staff working in botanidE PEE vS0C i0 H%ZE  } % ESv E
gardens and arboreta so that they could look for pests a@{l carrying out research, capacity building and outreach
diseases within their gardens and share this informatioE o0 § 3§} }3 v] P & v « vi]v o A}EIX
Al13Z %% E}% E] 8§ A% ESX (E}u PE}% U h" UE A+ oV Vv &

Figure 1: Ash (Fraxinus
excelsior)growing in botanic
garden collections around the
A}Eo X
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Figure2: H%ZE « } % ESv E« JVA}oA ]Jv §Z /WAE v SA}EIX
An example of activities of a Eurphresco partner includegrease capacity for survey and identification of
the Botanic Gardens Meise (Agentschap Plantenuin) it EP]JVP % ¢S v ]e ¢ X

Belgium, which has set up a National Sentinel Network
working with 11 botanic gardens in the country to

Figure3: >} S]}v }( /I WAE uu & P E veX
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There are 42 gardens that are members of the IPSN§]}v o }E& & P]}v o WZ [+X (A E v
v SAJEI ~(]PXieX 00 P E& ve Jv D d[o M SAMEISEE <% ]+ 3235 E v 3
v Ju& P 5} Ju % ES }( §Z /WPHA wassiitgrasied indwhich pests and diseases outside
network is truly international with participants from}( H*SE& o] Uu]PZS (( 8 SZ]s *% ] X
around Europe and further afield including Australigdentifying those gardens that have these species in

E A« ovU Z]v U Zuee] U A}us8z (W@ collectidid ahd dequesting information on pests
One of the main aims of the IPSN isto create links at ] ¢ « §Z § (( § §Z uX dZ]e Jv(}EuU
the national level between botanic gardens and arboret& I 8} W, X & ]o]s § C ' SZ&E}
and national and regional plant protection organisationsetwork; the European Plant Protection Organisation
~ZWWK[e v EWWK]J[eeX "}u /A u% dEPPQ)Sdalrerpd mformatiom w8 Massicus raddei
Health Australia (PHA), which is working with 10 BG’s in(E u C ] So }E]P]v S§]vP ]Jv ] X
Australia and tasking them with surveillance, reportingported as a pest of oak and chestnuts in its native

% E ] S]tv }( %o ¢S v ]* < < Xrahge @Werdusgerrdt, Q. acutissima; Castanea crenata,
IPSN holds an annual workshop that brings togeth€astanea mollissimaX ,}A A GEU §Z E ]+ v}
h< PE ve v & E ~3Z h<[s EWWKue% STAISIE}% oy *% ] « }(} I v Z
collaborations such as surveys on new and emergify « Jvd E 5 3} IVIA J( }3 v] P E ve
%o *Se v ]e o X Zlv U : % vU <}E s] Svu }& & Er
International collaborations such as surveys for specifiready recorded damage due to this insect on European
Z}e3el% 3¢ }E & P]}ve E }}E JveH ]G F(/K dZve Z «3vpdX ' E ve A]:
surveys have been run to generate valuable researobks in the region were identified by BGCI and contacted
information on new and emerging pests and diseasg&} %o E}A] ]Jv(}E&u S]}v 8§} WWKX dzZ]
that can be used by NPPO’'s to evaluate risk on tfeZ v Jv JE%}E § ]Jvs§} §Z WZ X

BUILDING CAPACITY
One of the aims of the IPSN is to build capacity withi 3Z A ]38 ]+ ]38+ ZD u &+ KvoC[
botanic gardens and arboreta to survey for new arigeen developed to share resources including training
u EPJVP %o ¢3¢ v Jo o oX AJE VAFEEIZG% «Z VA E ]* % E}S} }oeU o]V
been held in four countries in addition to a Europeamhe IPSN Plant Health Checker is a major output of the
conference held in collaboration with the EU Life+ projedtWAEX @€EoC }vU ]85 A « ] v3](] 8Z § :
Ke EASE ~ h< %0 v3 Z 037 ]3altool to Enable ¥aember gasdéns to assess and record
Several resources have been created and are availatienges in plant health in a consistent, systematic and
v 8Z /WAE A ]85 AAAX%o0 v3e vE]|EDIXJERX AZCA dqE Jv(}EuU §]}v }upo
% E}A] o Z VEE o] Zpu [ JE v 3R} % E] % v¥S S} ] Pv}ed] ] ve §
share general information about the IPSN, examples Tihis resource has been translated into several languages
35 % E 3] U HEE vE v Ae v AQGIW'E UQ (EBBRPEE veX

CONCLUSIONS AND FUTURE WORK

The IPSN will continue to build the network andnable the reduction of the threat of new and emerging

demonstrate the potential of the network to interested %o, ¢S v ]J* ¢ X '/ Aloo A}EI §} v
}1Ssvl] P E ve v & }E& 3 v EWWX[E ZWW KJ}XPd¥ Eu (USUE U A 0}%o]

network will be utilised to generate research findingte o(repesS Jv ]Jo]SCX
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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' v8U < & o >} Alil > P v I«3E & iAU 'Z v3U 8iiiU  oP]Jpu
Z vsS oX uP & Jv>puP vsX

ABSTRACT
dZ 'Z v8 hv]A E-]3C }3v] o' E v ] *u 00 Uv]A E-]SC P E v }( TUOH
botanic garden houses more than 10 000 taxa, it creates a perfect environment for many organisms, both thos
v(]]l]o v Z Eu(poX
Many years of chemical pest control in the public greenhouses resulted in sterile soil and outbreaks of different pe:
}EP v]eue g Z ¢ %Z] U u oC pPe v ¢}(8 ¢ 0 X /VE PE § % 5 }VvSE]
JE E 3} % E}A] Z 03Z] @ VA]E}vu v3 (JE }SZ P E v E+ v A]-]3}E-
dz Ju ] 3} ulv]ull %o <3 uP Jv s§Z PE vZ}iue e C E WU ]JVvP SZ %o *§
The success of integrated pest management depends highly on a good knowledge of the life cycle of both pes
% v(1]o}EP v]eue 3238 E %E& « vS ]Jv §Z P & vX /vSE} p JvP 8Z
ee v3] 0 8} E  Z }%3]Ju 0 E epuose AZ]Jo E pn JvP 8§Z }e8eX
As sustainable management of botanic gardens is imperative, we try to maintain healthy collections by means ¢
Ju%eo u vS]JvP v ((] ] vS u}v]S}E]JVP ¢C*S U *PU%o%o} ES]VP JvS PE § %o <3
Actions include improving the greenhouse climate conditions, mechanical control (by means of pruning or hosing
v JVEE} pu 8]Iv }( v (] ] 0 ]ve B¢ ~% E ]S V %E S}EeeX /vd EA v§]]
e}ous u]lv]upuX
Although the initial cost was quite high, we managed to get good results on the management of many of the origine
% ¢S }EP v]eueX hv(}ESpuvV 8§ oCU v}S pue]vP Z u] o¢ Z » 0 8} }SZ E %o *S-
the problems we encountered were the lack of identification tools of the different species and the availability of
v (]]o}EPvVv]eus 3Z § ] v}S 0A Ce vepE X

KEYWORDS
Sustainability, Biological Management, Natural Enemies, Greenhouse

INTRODUCTION

The Ghent University Botanic Garden is a small garded3 oA Ce« Z A §Z ]u E *posSX ¢ e}u
}(Tuon Z A]8Z 8iii ug }( PE vZ}ugreXugZo 18 Zdhigh anfivihe canopy is very dense, it
public greenhouses (Victoria, tropical and Mediterranegroved to be difficult to reach all plants with a chemical
PE vZ}pe o Z}pue <}u Tili § £ }v iGI®uBX vE3X /v }E €& 3§} & § Z o038
Integrated pest management (IPM) tries to solve pebbth for garden staff and visitors, and to reduce the
problems through a combination of multiple tacticaise of harmful chemicals, an integrated approach of
(habitat manipulation, cultural practices, biologicabe *3 }VS3E}o A « JvEE} up X dZ Ju A
control) in an ecologically and economically sound}vs Jv 82 } HEE]VP %o ¢85« 8§} v %o
uvv E ~iUTeX /8 A « JvSE} u v Z}AE drthnopatip @@secfSadd mit€B)care the main problem

t @ //IX p 8} 8Z AES ve]A pe }( I ihg geehheussy of the botanical garden, this article
problems such as pest resistance, secondary pdgtuses on the control of insects and mites emerging in
outbreaks and environmental contamination emergedZ }S v] o0 }oo S]}veX

~jeX E A ESZ 0 ++U ]38 A « }voC (ERureatidg optijal \gfowng Coiditions for the plants is
fifdee VSUEC SZ S JvSE PE § % *3 M WRIEVURIUES]E X , 0SZC v P}} |
A C Jvd} §8Z 'Z vs hv]A E+]3C }3 v] ® 'dE--v¥]l oC 3} §§ | C Jve S
The use of chemical insecticides in the greenhouses ditl environmental parameters such as temperature
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v Zpuu] ]SC v 5} ulv]st& v VIVEEE}J@ VXSUE o Vv u] X ulv]st@&]
good knowledge of the optimal growing conditions imtroduced, which controls all public greenhouses in a
necessary, yet in botanical collections with many differents v G A CX
taxa providing the optimal conditions for all plants ofteihe aim is to maximize the use of biological antagonists
% E}A « 3} 1((] pnosX (predators and parasites) and at the same time to reduce
Biological pest control, which does not make use &fZ pe }( Z u] o0 % 8§ }v3&}o §} v o
chemicals, aims at creating a balance between harmfDther suppressive tactics such as pruning or hosing are

% Vv (]o}EP vVv]eueX Z Puo € u}vds}EHIVX]e ¢ v3] 0
in order to follow the evolution of both pest organisms

MATERIAL AND METHODS
Environment T moderate infestation damage occurs to leaves
The project focuses on the main public greenhouses: th®]3Z}us Ale] oC «u(( EJvP }( $Z %0 V3§
Victoria greenhouse, the Tropical and the Mediterraneanv I}@& E A 9 }( §Z o0 u]l]v Vv % S]}o o
PE vZiue X dZ PE vZ}iue « & § A 1 \hedwvy infestdtion the plant is almost completely
ZlPzZ v Z A §}S 0 *uCE( JOi6iT up(X D}3B%d0l 93P( & 0 A «oV  }A PE}L
%0 VS ]JE 30C Jv §8Z <}]JoX + §Z}@eo@® 37 &E]oJy }wSw] € § X
for the public, they stay in the same spot for many years
v (S v (JEu Ve vV} %o CX Z CThé&dainaged €t greenkiouse is evaluated as follows:
A}} C %0 vie E % Epv AZ E v e« O Hamage : the organism is not found
Temperature in the greenhouses is automatically i dow infestation: throughout in the greenhouse,
JVEE}oo X dZ Z 8]vP «Ce+3 u }ve]eseveld plams poe Slightly affepied [1]; up to 1 plant is
air blowers), which have a drying effect on the air moistureoderately affected [2]
o0 AoX HE]VP 8Z o0 <3 A} « §7 & mAderatd inféstaRdn tloodghout the greenhouse
eCe3 U ]V %0 X ,pu] ]3C A « u ]v3 Jtwo or rgorZ plenisrrardoderately affected [2]; maximum
% $ZeX dZ %0 vi3e E A 3§ E u vy lopapt ik bEahgll affedted [IE X
The Victoria greenhouse has a big central pond, which i heavy infestation two or more plants are strongly
vZ v e« §Z Zpu] ]SC Jv §Z]e PE v4Aiups X &liZX v
canopy creates a rather dark atmosphere down beloMonitoring of the occurring damage takes place based on the
]Jv 8Z dE}%] o PE vZ}ipue X dZ 353UUSE BUUE EJV}I(SES | E*X * u vC %00 \
Mediterranean greenhouse is slightly cooler than iNE Jve% § X E A ESZ 0 **U ]5 ]* V}3 %o}ee
the other greenhouses, which delays the start of thev A EC %0 v3 ]Jv §Z PE vZ}pue X Wo v
]}o0}P] o }V3E}o Jv % E]JVPX (E}u 8Z % 3Z }E }A C oAo « % &
Throughout the growing season the plants are weeklyZ % & v3 P }( (( 8 0o A e+ ]e 3Ju § X
fertilized by means of liquid fertilizer, in order to creatén order to perform a good control one needs to know and
Z 03ZC PE}ASZX dE =+« v ]P «ZErpcognige theoodcuRihg pestssatl Heneficial organisms
( E3]o]l 8]}v 8§ 8z PJvv]vP }( Z PEPOIVP 3Z «}VKP %] SUE X

Monitoring Use of suppressive tactics
Proper pest identification is essential for good biological Mechanical control (pruning - hosing)
JVEE}oX D}V]SIE]VP }( §Z (E}% %deBWArfested pighe aredhdroupialy pruned in order to
}8Z %o ¢S v ]J}o}P] o }vSE}o P ESep-iWB2E2X uluvs }( % ¢35 }EP v]eue Jv S
At the start of the project a monitoring protocol was set uhis happened especially during the first years of
Azl zZ Z » V Ue *Ce3 u 8] 00C (}E& J¥S RMESSi6 Cho E*X }VEE}OX &UESZ Eu}
In the greenhouse individual plants are checked for the}«$ }( §Z E e ]A PE}IASZ J* %o Epv
%o E ¢ V }( % 8 }EP v]eueX dZ pRaterm provides thie ogportunity to inspect the canopy
assessed as follows: JA 8Z C o A oX
1 r no pest present Heavy infestations of mealy bug are reduced by hosing
irlowinfestaton W ( A Jv( 8 o0 A « ~D5ZfA %o(v&3 A]J3Z AS E }E C EueZ]v
o A« v DTA 9 }(8Z o u]lv Vv % méthodds especially used for plants close to the central

19



%}v X dZ u oC uPe (00 ]Jv 8Z A cdn@®l incestpesks an belong to different taxa such as
E 4 e <pvS0oC S v C (]*zZX beetles (Coleoptera), bugs (Hemiptera), flies (Diptera),
Use of predators or parasites 0 A]JvPe ~E HE}%E E « Vv A % -~

Organisms that kill or otherwise reduce the numbernslites (family Phytoseiidae) are very important in the

(@ viszZz & }EP v]eu @& 00 vV SJE @}lov U] %0 «3FeN]S ¢« vV ES Jv Jve &

Currently many efficient species of natural enemies algEP v]eue $Z § 0]A v ( v }E& }v o
Juu E ] o0oC A Jo o ~d<X /v 3Z]ere%usHllly speddizeds adiqh farasitize only one host in

enemies reduce the populations of pest organism3Z JE& o0]( SJu X W & *]8}] ¢« & ]Jve S§-

% EJu E]oC SZE}IUPZ % E +]3]°u }E]G0BSZIPVIXA ES E § «X D}*3 % E ]
% E S}E 1Jooe v ( e+ }v 13 % EECXED}CU %)BoS SEE+A *%oee VvV ]%S

( v A E] 3C }( *Julo E }EP v]sueX WE 3E}E- §Z §

RESULTS
At the start of the project the following pests werghe parasitic wasps Coccophagus lycimnia, Microterys
identified in the greenhouses: aphids, mealy bugs (citrflavus and Metaphycus stanleyivere introduced over
mealy bug, long tailed mealy bug), mites (TetranychdsZ (}00}AJvP C E+X dZ %o}% po 3]}v
spp), scales (black scale, brown soft scale, hemispherioab sufficiently been reduced over the duration of the
e oU}o v E =+ o+ v AZ]8 (o] «Hroject; nevertheless there are still important hearths

} Z ul*%Z E] o ¢ 0o X dZ o0 SS €& }C&E
Mealy bugs (Planococcus citri and Pseudococdigsharder to manage, especially as the parasitic wasps
longispinus A E % E  v3 ]v 00 PE (Catiephagis lyci@jiwmPe not always commercially
the first years parasitic wasps (Leptomastix dactylopiA Jo o AZ v v X /v T1i6 }SZ E %o
Leptomastidea abnormisand Anagyrus fuscivent)is (Encyrtus lecaniorumrand Anagyrus fusciventjisvere
and predatory lady beetles (Cryptolaemus montro)ziedvs &} p 8§} 1% A]S8Z 3Z]e %o *3X
A E p- 8} 1% A]S3Z 3Z ¢ %o E ¢]5 X <« 5Z o0 A o
of infestation dropped, from 2007 onwards onlyHard scales proved to be difficult to identify at the start
Cryptolaemus o E A AE JvEE} n X}(d¥ZZ HoEN X A %oFaEchadddpisvzamjaeZ

were introduced during spring and summer monthand Diaspis boisduvaki W& S}EC o C So
and were able to manage the mealy bug populatiorss Rhyzobius lophanta an@hilocorus nigritusvere
§} v %% 0o o A oX /v 1i1i6 ]Jv OJwSREB wWZ}SZERPZ}Ius 37 MHE S]}v }(

Jv( 8 8]}v A]3Z u oC pPe A « 0}A inttodoctidn Xf these predators did not result in lower
UtpvsSe }( % 5 }EP v]eueX Kv §Z }vs(
Scale insects proved to be a major pest at the beginnind Z E + o« Z « PE}AV }JA E §Z C &
W SZ % &} S$X /v §Z s] S§}E] P& vZ}ipue v ul&E
importantly in the Mediterranean greenhouseln the first year of the project there was a major attack of
hemispherical scale (Saissetia coffeaad oleander %0Z] ¢ ]Jv §Z s] S}E] PE vZ}ue X <%0
scale (Saissetia oldagere abundantly present, whereasin the pond (NymphaeandVictorias» A & §§ | X /
in the tropical greenhouse brown soft scale (Coccosderto cope with this infestation predaceous midges and
hesperidum (}Eu §Z PP 3 %o} % po Adiaw Mdy beellB (Marn@Bria axyridiA E E o ¢ X 0o
of this population was already parasitized from the starésult was not effective and the plants needed to be cut
with Encyrtus infelix, a parasitic wasp thatwas introduced |U Jv }& & 8} }vsS Jv §Z ]Jv( 8 S]}v>
Ju%o0 }( C E+ (}JE X /v]E] ooC fBea or hoveiliedE(EpjsyTphids baktes)tand predaceous
Metaphycus flavus A « Jv3E} p X 18] ImidgesGAphidoletes aphidimyza) were used to manage
parasitic wasp/icroterys flavusA « JvEE} JVEZITO %0 Z] %o}%opo S]IvX [v Tili % E §
At present, there is only a low level of brown soft sca{@dalia bipunctata) and in 2013 parasitic wasps (Aphidius
o0 (S ]v sz s] S}E&] PE vZ}ipue X coleman) and predatory green lacewing (Chrysoperla
To cope with both hemispherical and oleander scat@rneas A E JvEE} p X /v 8Z 0 8§ C G
(Saissetia coffeaand Saissetia olegewe started off the regular introduction of Aphidoletes aphidimyza
A18Z 3Z Jv3E} p 8]}v }( D 3 %ZC @Ees o AJZX %eZBZ]v( *8 8]}v 8} v %o
availability of this parasitic wasp was not always ensurdairing the initial years spider mites (Tetranychu¥ sp.
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were registered locally in the Mediterranean greenhous® G vZ}pe X /v §8Z <% E]JvP }( 11id6 SA
HE]VP epuu E u}vdZeX dZ]e ] }(3 w]8v A pvE VE]9% & }v dZ o] ]Jv §Z s] §
of glasshouse and outdoor plants, which can developy 711i AZ]8 (0C A ¢ (Jpuv Jv 8Z ep SE}%
<u] loC AZ v }v ]8]}ve & Z}§ v E@ixuredf the pamsitic wasps Eretmocerus eremicus
Ju Zo}E}S] Vv % lo A]3Z C araEhcarsieXormosa A ¢ pe 3} 1% A]S3Z §Z
The temperature in the Victoria and tropical greenhousd3uring the following years greenhouse white fly was
are optimal for spider mites, but the high relative}voC (}uv }v  ( A %0 v3eX dZ ]Jv( *§ §
Zuu] 18SC Z 0% 8} }vS Jv §Z %o} %o 1 @aSily} deadt with by] fjfodutisgZsufficient amounts of
predatory mites Amblyseius cucumerislPhytoseiulus % E ]3] A *%oe X
persimilisare known to be extremely effective biologicalable 2 provides an overview of the detected pests and
JVEE}o P v8e ~TUieX dZ C A E - pheir-ndturalce@erfiesothat weiev used in the botanical
order to maintain the population of spider mites intheP E v PE]JVP §Z % E&}i $§X

DISCUSSION
Although biological control alone can be effective againsbnsistent with our finding that after a release in April the
certain pests, often several methods must be combinethe ¢S pep 00C ] }vSE&}oo ME]VP puP

(}JE }%SJu 0 % 5 }JvSE}o ~TeX %t thabpodt, asdpaly bigs gilowEscarce, beetles are
years after the introduction of integrated pest control,} ($ v ¢ v §} ( }v Z u]*%Z ] 0 ¢ 0 X
it was necessary to combine pruning, introduction dfoccophagus lycimnidgs known to be a primary
v(]o }EP v]eue v Z u] o }vpdidioK of Browo soft sEale (Coccus hesperiddm/ v
was used locally if a high infestation on a certain plalatboratory circumstances the female parasitoids live
Z } LWEE X O}JvP E S S u% & SuUE « }( 11 £ }E i«
The outcome of integrated pest management is highly} T6£ ~0¢X dZ § u% & SPE * Jv §Z
dependent on the moment of introduction of naturalsubtropical greenhouses seem to be sufficient for the
V u] *X VIUPZ % *3e v §} %0 E+ ol EA A 0 1} %o B} EEC @ ophadus Aycridaaid
the introduced natural enemies but pest population$ficroterys flavusre both parasites of brown soft scale,
have to remain below the level that would require 8A]1$Z $Z o $3 & ]vP @dd@phagdas] A X
% 3] ] SE 3Su vs ~i+X pn 3} §Z oidg@atéstetfectd@t Bighdhost Pensity wHhilicroterys
the subtropical greenhouse, useful organisms were orflavus ]+ o<} (( 3]JA P Jved 0}A Z}§ v
JvSE} u (Elu % EJo }VA E X Jate? paraitiEwasp is 3166 successfully introduced in
resulted in high infestations of several pest organisms, lastuu & ] o0 PE vZ}ue » ~0+X &}00}A]vP
year it was decided to introduce the beneficial organisnad both Coccophagus lycimnia aMicroterys flavus
during March, even though the optimal temperature wakeavy infestations of brown soft scale did not occur in
viSs C S & Z X /v S§8Z SE}%] o VvSA] PEE]|VvAPI(Es vX}Ipue
§Z S u% E SPE A « v A E o]u]s]M&taghydisEdsare the most important natural enemies
The most successful beneficial organism is undoubtedlyf u vC ¢ o Jve 8¢ XPX o0 | ¢),0 ~S¢
Cryptolaemus montrouzieXi dZ]e u oC uP B @ SoftEcdle (Coccus hesperiflamd hemispherical
V JuU%}ES v % E& S}E }( A%} scale GaiSsetidPcofféime JTUX T X
Both adult and larval lady beetles feed on all mealyblig the botanic garden Metaphycus flavus and
S P e ~TU AeX /( S Uu% E SUE& -~ EiVMEtaphyous ZanlejikseCusedto cope with soft scale
r 61 9« @& <p((] ] v80C Z]PZU §Z]{Saisskiim oleaand Saisselia @ffededuring the first
Pv E 3]}ve C E ~ieX dZ }v ]8]}we PYVE3X J@E)%R 3 V}oo}A]JvP C &E- A
Victoria greenhouses are perfect for the reproductionf the abovementioned parasitic wasps (Microterys
of this beetle, as are the summer conditions in th#lavus, Coccophagus lycimnia, Encyrtus lecaniamomn

D ]JSEEE&vVv v PE vZ}lue X Anagyrus fusciventjisvithout being able to successfully
As Cryptolaemussurvives poorly over the winter, E U §Z Jv( *S §]}veX W}ee] 0 E <}
vAoEA AE JviE} A E C ratécoEjanefiXial {fgects §dueotd low availability) and

(2010) found that three months after the release ofhe possibility of scale insects to encapsulate the eggs of
Cryptolaemus montrouziettie reduction rate of citrus %o €& ]3] A %o+ X
U 0C uPe ~Wo v} } pe ]3E] A « iiRemerdd Xcalds) (fadhily PmSpittdae) have a flattened
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%0 S o]l JA EX dZ C } Vv}S % E}JUEVZ}IFZC 0AXA dZC 00}A v  +3uvs «Z}}
leaves of infested plants turn yellow and heavily infestgaoduce honeydew, which then attracts sooty mould that
%0 V3e U C | ~TeX ZZCIl} Ju® 0}%Z SAZEV]SZV pud}eE DOV ~1+X /v }E E 3§}
% E S}E }( ¢ o ]Jve S« v u oCofaRidXinthp geenhause, in 2018 predaceous midges

o EA ( Jv uled ¢ 0 3 P o ~iU JAphidodeicd ppidmyzpa®E WRE Jv3SE} HE]v
the project scale feeding lady beetles were introducetihey are known to feed on mites, aphids and other small,

to cope with armored scale insects, it proved to be}(8r } ] ]Jve 8¢X dZ +«u 0o o0 EA ~iU
1((] pos 8}y & Z v %S 0 0 AJE( Jw(Es 3AJEX]v %Z] }o}v] X dZ
This result is consistent with the findings of PijnakkeZ ]PZ Zpu] ]SCX pHoS u] P« & wu}eSoC
(2006) concerning the use of Rhyzobius lophangmak SA vZo(DCGC v 3Z v }( spuu E ~1
Chilocorus nigritus P Jves E&u}E e 0 ]vinje&Eatibhsewithbwhiteflies almost exclusively occurred
The extended amount of hard scale could be duetolzv §Z2 D ]S GRCE v v PE vZ}iue X dZ]-
poor identification of the species present, which makdsas many host plants both inside greenhouses and

it more difficult to introduce the correct beneficial }us }} dEmoarsia formosais the most important

JEP v]euX % @E 15 }( PE vZ}pe AZ]% (0CX & u
The parasitic waspphytis melinus the mostimportant AZ]8 (0C VCu% Z+X dZ o EA ( Jve]
% E ]S §§ I]vP o](}E&vVv] & 38 XWQ@uUUoBe+e3}SSuEYV E}AvV }JE o IX d.
V }A]%}*]8 ]v Juu SPHE (u o + oBEnadid]e 3G C @0oJAZIPZ E 5§ u% E SpE
wasp can be released when temperatures are abov@& o $]A Zpu] ]18C ~fir 6i9e ~ieX dZ v
i 0 £ Ahytiscan have two or three parasite generationsf Encarsia formosaluring the project greenhouse,

(}&E Z+ 0 PvVv ES3]}v ~TU ieX hvBESUWE ACe SZ0& W% A]SZX

]* v} 0A Ce }uu E ] 00C AJo o AZBew]lvd EXE A]3Z 1]1}o}P] 0 % *3 }
During the project many organisms were introducedpecies protect and transport pest organisms, especially
Jv JE & 3} }% A]l3Z Jv( *8 §]}ve the o¥%eZ thatXprodiee hooneyfew, such as aphids or

in the subtropical greenhouse the aphids reach @ oC pPe ~iieX dZ ¢ 8§85 | v ( Jv e
heavy infestation level early in the season, when thev % & S} Ee ~T¢X dZ & (}& U ]88 ]+ v
S U% E SPE ]+ *3]o0 E 3Z & 0}A ~=IFifiVESZX PYEZVZ} A X} %o

]Jv o EP }o}v] e 3§ 38Z o0}A E ~pE( }(8Z o A <X dzZ C

CONCLUSION

The overall number of pests occurring in the publglasshouses due to the unfavourable environmental
greenhouses of the Ghent University Botanic Gardejv ]3]}veX tZ v §Z C } uWEE U 3Z C A
Z ¢ (&} %o %o HE]JVP §Z % E}i 33X CZuEve]d( %EEC |PR} u]sd X

control of mealy bugs (bothiPlanococcus citrend After nearly two decades of integrated pest control, only
Pseudococcus longispihtisanks to the introduction of heavy infestations of armored scales, and to a lesser
the predaceous lady beetle Cryptolaemus montrouXieextent hemispherical scale (Saissetia colfeaanain a

The use of parasitic wasps has reduced the presence@ PEE]VP % E&} o uX dZ u}eS Ju% }E&
soft brown scale (Coccus hesperifiiand black scale the lack of availability of parasitic wasps in sufficient
(SaissetiaoleaeX D}E }A EU 3Z E ]+ @uanjities oand} weEipentification of the different

of aphids with gall midges (Aphidoletes aphidimyza) ande ] ¢« }( ECu} & e 0 X dZ €& o I}
of greenhouse whitefly (Trialeurodes vaporariorunRhyzobiuand of the parasitic wagfphytis melinubave

AlS8Z % E ]3] A %X HE]JVP 37 6faF hot piisBedi liick the @Efestalidns of armored scale
many spider mites (Tetranychus spéc@ssent in the §} v %3S 0 o0 A oX
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TABLES AND FIGURES

Soft Brown Citrus  Long tail

Year brown coffea Sclze:a(l:(le( mealy mealy ?T?iltgzr Aphids ch;er?a wate
scale scale bug bug
Victoria 2001 1 2 1 2 2 1 2 2 0
greenhouse 2017 1 2 0 1 1 0 0 3 1
Subtropical 2001 2 3 3 2 2 2 0 2 2
greenhouse 2017 0 2 1 1 1 1 2 2 1
Tropical 2001 3 2 0 1 1 1 0 0 0
greenhouse 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 cijri

mealy bugs
(Pseudococcus longispihus

aphids

soft scale

(Saissetia coffeae, Saissetia o)eae

soft brown scale
(Coccus hesperidgm

hard scale

Leptomastix dactylopii
Leptomastidea abnormis
Cryptolaemus montrouzieri

Anagyrus fusciventris
Cryptolaemus montrouzieri

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

Metaphycus stanleyi
Metaphycus flavus
Coccophagus lycimnia
Microterys flavus
Encyrtus lecaniorum

Anagyrus fusciventris
Microterys flavus

Rhyzobius lophantae

(Furchadaspis zamiae, Diaspis boisdjivalthilocorus nigritus

spider mites
(Tetranychus species

white fly
(Trialeurodes vaporariorym

mites

Aphytis melinus

Amblyseius cucumeris
(Neoseiulus cucumeris)
Phytoseiulus persimilis

Eretmocerus eremicus
Encarsia formosa

Amblyseius cucumeris
Amblyseius swirskii

endoparasitic wasp
endoparasitic wasp
predatory lady beetle

parasitic wasp
predatory lady beetle

predatory syrphid larvae (hoverfly)
predatory gall midge

parasitic wasp

predatory green lacewing
predatory lady beetle

predatory lady beetle

endoparasitic wasp
endoparasitic wasp
endoparasitic wasp
endoparasitic wasp
endoparasitic wasp

parasitic wasp
endoparasitic wasp

predatory lady beetle
predatory lady beetle
ectoparasitic wasp

predatory mite

predatory mite

§}I‘ \' \'% }%o E o]§] A« %o
endoparasitic wasp

predatory mite
predatory mite

Table 2:Detected pests and their natural enemies
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s >KWD Ed K& s >h d/KE *~z~d D &Kz , Z Khr W> Ed
FOR INVASION RISK ASSESSMENT

IX E hZ' s: ZD*HdKsX "dZU X dKDNMBOK «K>Ks”"?

sdZ }5v] 0' @ v }(3Z hv]A E+]5C }( > 8A] U <v A+ «3E & 1U ZcP U
g/ve3]3us }(o]( «]v » v & Zv}o}PCU uP A%]oes hv]A E+]S5CU W E -
Zlv «+ Xv HEP >opuXo0A

ABSTRACT

The evaluation of adaptation ability of plants is important not only during the plant collection establishment, but also
§} (Joo}A 8Z JvSE} M 8]}V I(VA S A (JE ove % pe U 3} }vEE}o A o
v (]Jv 00C (}E JVA ¢]JA v ee E]el oo ooy v3X /v §Z]e *3p CU 32 Z & e
set out the correlation between life form, taxa origin and accession longevity in ¥x diti %3 $]1}v A o v (
based on the phenological observations of 536 taxa from collections of the Botanical Garden of the University ¢
> SA] X " AV e% ]+ SS5E] pus c A E +35u] W AJvd EJVPU Je ¢ Vv % <3
%0 VS ]V 8Z %0 V3]VPe Ju% E 3} 3Z AlJo UA P 8§ 3]A E %E} pu §]}vU -

PE}u%e+s A E EE vP JE JvP 8} 8Z epu }( 3Z A op 3]}V %}]vEeX dZ e
JE]IP]JvU o]( r(}J&Eu v o}vP AJSC Jv % E « v8 0} 3]}vX dZ 35 3]+8] o v oC
e} ] 8]}v 3A v %0 v3 o]( (}JEuU vV %% $]}v. PE U +« A oo « S3SA v

There was a positive weak association between accession’s longevity and adaptation degree (Spearman’s correlat
EAIXTIA VAATT % DiXiiieX

KEYWORDS
Plant Adaptation Degree, Life Form, Plant Origin, Winter Hardiness, Longevity

INTRODUCTION

The majority of plants in the collections of botanicatade on the background of climate change can be
gardens are species with native origin and in greatesinsidered as one of the causes for invasiveness risk that
% ES t o]Vv 8§ //& X "u  ee(po JVE@E} v SV B (5% 0 MHIP] o JA E-]5C ~\
depends on the adaptation ability of accessions t8 v <0 pv v.§ o0oXU 1iiéeX dZ & (}E& §
§Z P & v }v ]8]}veX dZ A op $jethop(to evatddtedhé \adaptation of alien plants is an
ability of the plants is important not only during thamportant tool for invasion risk assessment and this study
plant collection establishment, but also to follow the]e S % S} A 0}% °p Z u sz} X "]v
introduction of new taxa for landscape use, to contralegree of adaptation to new conditions is naturalization,
weeds and escaped garden plants spread, and finally $dudying the plant collections in the Botanical Garden
JVA «]JA v ee E]Jel A op 3]}vX E A <% dfvthevUpjverdity vof d@t%a (BGUL) it was decided to
create possibilities between different plant diasporegesearch how assessment of adaptation correlates with
(Elu J(( & v8 P }PE %Z] }E]P]vequditafve chgacterics af dlants such as life form and
reason for considering botanical gardens as a souroggin that are often used in assessing the possibility of
}(vVA o % ¢ (E}u poS]A 3]}v ~swRU@E GN B]FVviaeX E p v s]o U TiidVv
Hulme (2011) even estimated that the most aggressivg} AJv. § oXU i666X

invasive plants in the world have escaped from botanicBhe aim of our study was to forward the evaluation
PE veX /v 8 Ev HE}% U A] ogpstemsfpr@aedpceousypaiermial plant adaptation by
weeds are examples of such escap€estyza canadensis, + $3]vP }us 8Z @& o §]}veZ]% S3A v o]
Echynocystus lobata, Bidens frondosa, Chamomilla ee]}v 0}vP A]S3C Jv 8Z % E + v3 0
suaveolens, Galinsoga parviflared other (Vinogradova,

TiifieX A 0}%u vS }( Z}ES] poSpPE U PE] poSuE v
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MATERIAL AND METHODS
The adaptation was analyzed based on the phenologiaajvP A]3C }CE E *%}v S} v SUE o PE}/

observations of 536 taxa that are present in the collection} « v}$ o A v P3S]A Ju% $X dz @
}( 'h>X WZ v}io}PC § AE }oocuSVvS|EE}I3( CE B v ¢« U « o(re o]VvP
i66i 3} T1ioX ~ A v «% ]+ 33E] péxpandioEwith Hpw]marmorphs also in spontaneous

overwintering, disease and pest resistance, the overdlo0 v8 }uupv]s] X
condition of the plant comparing to wild conditionsPata were evaluated considering species origin, life form

vegetative reproduction, vegetative expansion, seeding§ E Z uvl] & ~idide v HE S]}v }(
v e+ o0o(re}A]JvP ~E HEP r: Eu I}A JvBZ "&%EEI ]z o0} 3]}v 8§ 8Z }5v] o
]Jv % E]vsSeX d £ ]Jv SZ % S $]}v phades) psssedse@E thre® fev Porms: chamaephytes

JE JvP 8} 8Z epu }(3Z A op 3]Ivt %dy] 03 W O0%id %FivI]3Z §Z JE po o ]
t %S S1}v ] W §Z %0 vS } « \ppEenRdtingdtha BuffadeZof the ground or just above
full cycle of development (plants can die, they have npS ~v}§ A& JvP i ueX dZ C Aloo %
seeds), suffers from poor overwintering, weak vegetative@E %00 v3 GeophjtesX Z E o0 %0 vSe S$Z §
PE}ASZ v E o}vP A]3CX V UV( AJuE o0 % E]} C u ve }( pv (
firifA %}]vsSe t %3 3]}V ]* u JHUWZ}HSRs JEPSZ ~EZ]I}u U Spu E+U po
phenological rhythm differs from that within the natural§Z « 3§} % &} p v A H&Enjicoyptaphytes X
E VP X >}vP AJS3C % E]} ] 00C *p(t( ZEA BE]P %] EEW WP u « Jv §Z uf
(part of the specimens die, or are partly damaged, durinigue$ 0}A 18X dZ p e« E % E}S § A]
*Ju AJvE e 3Z % E}S 3]}v P ]ve3Thedppnt lifee forms ase @Ehrding to literature (Olsen,
&O0}A E+ VI}E ¢ o %% E } <]WIOVCXuiZzAB TUi&V ~Z vse EU (6060
be a slight vegetative spreading and no vegetatve§ ¢ ~<o0 C E § oXU TiidX
e O(rE % &} pu S]}vX To obtain the supplementing adaptation data together
{Orid %o}]vse t %3 3]}v ]* P}} W %withv§eogtapghic infBrnfatian @e following sources
}u%o § o]( C o X , ]JSueU %o Zweklosel: Cand®&a (Zartlar)) and Cherepanov’s guides
longevity are slightly different or may be the same- EZ € § § oXU 1iifU Z E % Vv}AU
e« Jv v S3uE o PE}ASZ o0} §]}veX piocessirg AgAiphtedEdmndof the areals and included
successfully compensates winter damages during thegreat variety of sites that are represented in plant
PE}ASZ o <}vX Wo v3e o0}}uU o oeeCPsboVveU}(u >Z% E vv] o }oo 35]}vX d:
*0]PZS P G®ul]v §]}v v «0]PZ3 A Psige &lléwed % GEghlight up to nine geographic regions
Tirii %o}]vse t %3 5]}v ] A EC P}V u%bdd vS«EE Eud EoGXU Tiile Z}3]VvP
Ju%o 8§ SZ o]( C o X , ]JS5ueU %oZeulttdPo]sovE%CFZutdd o i+X

Geographic region Description Tested taxa number
Central Europe The Alps, the Carpathian Mountains, the Balkan Peninsula,
) 77
the European part of Turkey, as well as the Crimea
Southern Europe French and Benelux, Pyrenees, Apennine and Iberian

Peninsula, Mediterranean coast of North Africa, Macronesian 56
archipelago in the Atlantic

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 East_ern Caucasus, the East of Afghanistan and the Arabian a1
Peninsula
Far East Russian Far East with floristic regions such as Primorsky, West
Amur, Eastern Amur, South Amur, Piedmont’s mainland, 68

Kamchatka, Komandor, Sakhalin and Kuril Islands (Voroshilov,
667« v o0} (E}u : % v v <}E
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Northern and Eastern Asia Eastern and Western Siberia, all China, Central Asia 71
North America Greenland, Canada and USA territories 60

Other origins The Himalayas, Latin America, New Zealand and Australia,

. ) : 67
cosmopolites and circumpolar species

Tablel:' }PE %Z] & P]}ve (Jv]S]}v ~ ¢ E]%S]}ve v § 8§ § A& vuu E ]!

Duration of the taxa cultivation in the present location %038 $]}v PE X d} +35Ju 8§ 8Z 3
A+ }JvEE}oo v iz & Z]A v Sassocialion batween these variables Cramer’s V index
To test whether there is an association betweenthetweu eu@E& }( (( & ]I « A « 0O Ho 8 ~
variables measured at the nominal and ordinal levels Wée Spearman’s correlation was used to determine

He SZ  Z]lre<pu E § 38 }( ]v % v theXtréptk ande dingdstion Of the association between
association between taxa origin and adaptation degre@o ordinal variables such as accession’s longevity and
as well as the association between plant life forms and %S S]}v P& X

RESULTS
According to the studied parameters, observed taxa Adaptation degree (%)
were grouped in four adaptation degrees: very gOOdI'axaoi in ver
~69+U P}} ~309U u Juu ~8i9+ v 69" %.3sBad Medium Good ‘&Y
% ] *X good
Central Europe 3 45 a7 5
Plant origin and adaptation degree Southern Europe 7 41 0 13

dZ § 8 S A& Z }E]P]v ]v 8 & Rith¥rpartdofo X dZ _

lowest degree of adaptation was for plants from Southerfyrope 0 10 61 20
HE}% ~069¢ v (E}u §Z PE}u% K e ~d 0 -

whilst the taxa with good adaptation were from Other ‘?:'Erog':e A ﬁl]dhy 4 46 70 11

% ESe }( HME}% t 0i9 v (E}u E}£ % u E] t 0i9X

/v }8Z }( §Z + & P]}veU §Z & A 'qdéeEé‘Stug 3( ° 37 4 17
%S S £ v i69 v 1i9 u Juu F3klEast § £ 1 46 46 7

E *% S]A oCX dZ PE 3§ 35 % ES3S }NokhémGnB}} %S § /E

Z }EIPIV ]V KSZ @ % @3+ }( WE}asterii@iav Jv D] o 4

(] vio9x.  Zlrecp & S eS F( IV Fnyiphmefdd A 1 31 60

no association between taxa origin and adaptation o
PE ~%EiXifieX Other origins 7 45 40

0 o BN

Accession’s longevity and adaptation degree Table 2: Adaptation of the taxa depending on the

Mamly, the longevity of accessions in the present location RIPE %Z] }EJPJVX
A« jirin C @&+ t AG9U us i69 A E 1A 1A C (Fe _
hosting the greatest part of good and very good adapteg\ cees Adaptatlon degree (%)

S £ Xdz § A& A]sZ S§Z <Z}ES 5§ o} 10%3 |J°/oo s%j d q Very
C E++Z 5Z %E Aov |v Medium ' Goo good

%S Sliv P& ~d o ieX '}} %°l§p%d$‘9eé}’s 17 46 31 6
along with longevity: accessions that are cultivated fo

oriit ¢ €&+ Z 119 }( P}} %S 8 ":T}GGL:O}?WEC E- 32 S

Yonge

t 8369 v }A A G Eet i69 }( P}}From%$§0255 £ % 38 56 11
The longevity for medium adapted taxa was highest fof€ars
ee]lv §Z§ E poS]A S (}E OriiApovéR5yeard 9  p%34 i & 7

8} A C E+ ~309+X dZ E A+ %}+JSTA A T «s} ] STTV
between accession’s longevity and adaptation degré@ble 3: Adaptation of taxa depending on accession’s
~"% @Eu v[e }EE o S]}v EAIXTIA VAMP BEIXIVXZ % E « v§ o} $]}v v 'l
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Plant life forms and adaptation degree Adaptation degree (%)
dZ % E}%}ES]}v  }E JvP §} o]( (dp@jﬁ“efé vl &Yoo Ver
}(8Z § 8 S AE A+ ¢ (}oo}Act 60 rél%os}B{adZ(JS/lfx»‘edrum Good y
V {19 }8Z Z U %ZC& ¢ vV P }%ZCE +X WEI%IEEY o good
distribution for the adaptation degree did not show gregtGeophytes 8 41 38 13
differences proving that adaptation did not depend opChamaephyties 4 52 38 6
$Z o]( (}&u ~d o 08+ -« ]S A« }v(]feHicryptophytés|r -3 Hf E3s 50 0

§ ¢S }(]v % vV vV ~%EiIXifAieX
Table 4: %S S1tv }( S A& % Vv JVP }v %0

DISCUSSION
The tested taxa distribution by origin indicated severatatistical analysis were selected only from the accessions
tendencies: firstly, the preferences of plant collectiothat died in certain periods it could make a closer link

E S$}E.U Vv + }voCU 38Z Z]*3}EFEAo WwoE PVAJ3Z]}Vv %S S]}v. PE X
SCE v e ~svVv <o pv vU TiideX dZ C S@ne authorgohae dewmonstrated that introduction
%0 v3 }oo 3]}ve }( }3 v] o P E veofitribhtes tpodelekminingithe abundance of exotic

}(SZ § 8§ § A& (}E ul®E& SZ v i €ho Eeee]WWCDBOTX /OXU Ti1TU t EU idi
general, the origin distribution of tested taxa was similaelated to dissemination, has an influx of new propagules
to the results of inventory in Czech Republic: the meadZ E}pPZ SJu ~<}o E § oXU Tiiie

origin for alien ornamentals were from Asia, America amdant diaspores over the cenotic barrier (Vinogradova,
D ] SEEE vV v ~W EPo § oXU Tiio«iXifAsX }& JvP 8} §Z }@& 8] o v u%
On the basis of the obtained data it appears that thethe minimum residence time for naturalization have
was no association between taxa origin and adaptatiom Pv]Sp « }( ¢ &E- §} e ~ 35E} S
PE X ,JA A EU A EC P}} %0 5 In the flmpess, Gescribify th€invasion success depending
(Elu SZ PE}u% KSZ E % ESe }( okt attribuges, the Df¢ fooms do not influence the
] t 169X }SZ PE}U%e v Ou nvasionssZicgesg inAwarmer climates like Australia (Lake
%}3 v8] 0 (JE v SUE o]l §]}vX dZ S3@&UuBiid~PAEPE JFAEE v v E P]}v -
v Pv E 3]A E P v E 3]}vU < oWhejda}id? teémperate] difhate, winter hardiness of taxa
ability, hardiness, resistance to pests and diseases) tgherally increased the probability of their naturalization
§Z Z]PZ <3 « }E& (}& 52 « 3§ A X B gigwt] forons affected h&rbs less than shrubs or
the alien plants in Europe showed that major donors & ¢ ~, ve% Z § oXU Tii6X Eo]
the taxa were different from other regions of Europe anthat the adaptation to Latvia’s climate could be more
S U% E S ] ~Av <o pvyv 5 oXUpliifA=QUadZA}EE PUIEZCS « t 3Z %0 Ve
of various studies searching for relationship betweednulbs deeper in the soil than rhizomes ensuring better
the plant attributes and successful naturalization wergo E}S 3$]}v uE]vP A]Jvs EX E A ESZ
controversial: some confirmed the association betwee@E epoSe o §} SZ }v ope]}ve SZ § S5Z
origin and probability of naturalization (Kolar and Lodggéu % 0] § §Z %S 81}v }( 82 § A X K
Tiiiv ~ }88§ v W v 8§ U i60i*U }SZth& fornjation} 6f @dlventifidus buds on rhizomes and
~, Ve% Z § oXU 7ii6X roots ensures regeneration from their fragments and
The obtained results showed positive weak associatiery EA]JA o (3 & c AE ]3uE v -~
SA v ee]}v[* o}vP A]3C v %oBSSIYVSZPIBZXE t §Z }E]JP]v }( § 8§
Most of the accessions with low adaptation died alreadyE}u D] o ] }E& "}usSZ Ev PE}% t
HE]JVP §Z (]JE+S C E-+ }( pos]AcshpletelyddiEigrent Aljmatds frém idtvia where there
Auto]vel C U 1iiTeX C dEpo A] Z ~istedsharp changéeof@éathér during the frost and thaw
new introduced taxa in the gardens died in the first v & <p v80C JvS E Z vP ¢ ~E]I} upe 8§
C Ee« ~07UT9«U ]Jv oOrii C E- tioUdfukedihve tektéd bbs @e often led to their extinction
0UB9U (8 E 71 C E+ t }voC i9 }( (& & AJv&E EAVE X § v& |Ama@llidacea] 3]A
with good adaptation that are having short life cyclgnd Iridaceae § £ A]3Z ~}us8Z E&v UE} %o
for instance: Jasione montana L., Knautia macedonite contrary, the geophytes from the Middle East have
"] X WE} oCU ]J( 8Z % Z v}o}Pbenefited frgmd Bet®r wirker hadiness and adaptation:
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four from seven very good adapted taxa were from the

Liliaceae ( uJoCU }8Z & 0i9 }( D] o *S P }%ZCS -«
o}vP §} P}} %S S]}v PE}IN% X "tU SZ o]( (}Eu-

of herbaceous perennials have no important role in

adaptation success and this quality can not be used for

JVA ¢]}v E]el oo eeu vEX

CONCLUSIONS
iX dZ % 3]+8] 0 Vv 0Ce]e A]S3Z Z]recpu E & 3 «Z}A
that there was no association between plant life form
and adaptation degree, as well as between taxa origin
% %S S]}v PE X
iX dz o]( (}&u v }E]IP]v + § E Z E § & &
not the parameters to be used for the prediction of
JVA ¢]JA v e¢ %}ee] ]J0]3CX
iX dZ o}vP A]3C }( 8Z %0 v3e Jv 8Z % E « v3 o} 3§]}v
correlated with adaptation: longevity could be used as
one parameter for the development of the evaluation
*CeSu (}& 82 Z & }ue o] v %0 VvS§ %S S]tvX
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MIXED MATING STRATEGY GUARANTEES REPRODUCTION UNDER LIMITED POLLINA
RESOURCES IN THE ENDEMIC VERBASCUM LITIGIOSUM SAMP.

s/ >33 K K >KhZ WZK>K MBPsHAME/K X@2Khs /
CATARINA SIORA "1>s/ @2*rdZK

+}5v] '"E® v }(8Z hv]A E+]85C }( }Ju E U o D ES]u &E |8 U diiir
g VSE (}E& &pv 8]}v o }o}PCU % E®Su vs }( >]( ~]1v U & poSC }( ”
D ES]u &E ]S U Tilirdono }Ju & U W}ESuUP o

O "D v % E3u v }( ]}o}PCU hv]A E-+]35C }( A ]JEIU u%ope hv]A E+]5 (
Ze *SE}> }EXHU X% 3

ABSTRACT

Verbascum litigiosum™® u%e X ~" E}%Zuo E] e ]Je v v u] %0 vS ¢% ] ¢ (E}u W]
from the Centre (Serra da Boa Viagem, Figueira da Foz) to the South regions (Algarve), with an estimated area
} H% v C }( Ti1 lugX dZ]e *% ] ¢ Z -« v 0 *°](] C /h E e« spov E o

}( VIA 0 %o}% o §]}ve Z e & « 5§z S P})EC S} E BE dZE S v ~EdeX
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 stee
%0} %o o 3]}v o]v «X ~"]lv v} ]Jv(}Eu 8]})vA e« AlJo o Jus 8Z & % E} p §].
8} uv E*3 v 3Z E %E} pu S]A ( 3}E-+ (( 3]VP %}%po 3]}v Cv u] * }( 8Z]
the reproductive biology of V. litigiosufror that purpose, we studied floral development by monitoring flowers
across time, and reproductive biology by performing controlled pollination experiments and examining poIIen tube
A 0}%u v3X Z epode E A o u] A& u 3]JvP «3E § PCU ]X XU (0}A E- Z
pollinators for one day only; before corolla opening, the anthers open on top of the stigma, spontaneously depositin
e A E 0 %}0o0 v PE Jve }v 8Z +3]Pu 8] % %]oo X <+ 8Z %0 vS ] » o(r }u
}% Vv]vP ( €3]o]l » }v r$8Z]E }( 8Z }Apo U Pp E v8 JvP «}u o A o }( (C
(83 EA E U %}oo]v 3}E AJ*]8 8]}v v }us E}ee]JvP E v 0 X dZ]e ul&E
in the absence of mating partners and/or pollinators; however, pollinator visits have the potential to significantly
Jv E ¢« & % E} p S]A (]8v *eX dZ]s +SE 8 PC u]PZs EW ] o8} epesS Jv %o
uwzZ o 8Z }ve E S C *uo00 v (E PuvsS %}%pno S]}veX

KEYWORDS
Controlled Pollinations, Plant Conservation, Pollen Germination, Pollen Tube Development, Pollinators, Reproducti
Strategies

INTRODUCTION
UuljvP 8Z 0](rZ]*3}EC S& 13 }BHJVAEE|VP 3%®B VUV ¢« Vv %}o0o0]Vv §
reproduction is of major importance for population E& 33U TiiiV &}veS Jv § oXU Tiio’

ulJvdvyv X *3Jude]v] 8§ 3Z 3 vidPoQ 603G (USZE6I*X ,}JA A EU %}oo]v

Angiosperms are pollinated by animals, with inseck® variable in time and space, especially in fragmented

E % E * vS]vP SZ u Jv PE}U% }( %o halithis,Slipading- t cimsufcient péllinatidk) resources

TifieX W}oo]v S§]}v ]e UpSp o]+3] @ndocairjgromisiigoreprédiictive success of plant species

plants and animals; however, this relationship isbasedent]oo } | ~ E Jo v U TiiiV < 0]+l ~ s}Po Q
A VS P e }v }8Z ] «U ]X XU %0 vis A}d&USHIiTBXAdZuU pv% E ] § o«

gamete dispersal, while pollinators search for foodesources might lead to the evolution of mechanisms

*Z 0S5 E}E Z § ~ E}veS ]Jv § oXU toi byersompvpollipatios cdgfigits And to become less

dependence on pollinators to move the male gametesto % v vS§ }v % }oo]v S} ~ EE& SSU 1

female structures led to the evolution of a diverse set @&U 1ii6V >0}C U i6di+X

of flower morphologies and floral rewards, as a medpollen limitation due to pollinator scarcity might be
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JA E }u SZEIUPZ J(( E v3 & % ET [E JpAv W 1Zive]XueX
dZ ¢« u Z v]eue Hepg 00C ]Jv OM \efbhaseym slitigiosym” u% X ~" E}%Zpuo E]
reproduction assuring offspring production (Lloyd,v. u] *% ] ¢ (E}u 3Z A 3§ } «3 }(
60TV & M3} 8 oXU TiiieX Wo v3e ( CVEZG(S%S}] *UIE PE}As u% 3} 7 u Z ]
U SJvP +Ce3 u 3Z & }Ju Jv o (E}eeréagd daners rbhvAphlltd dune, with a flowering peak in
e 0(r%}oo]v 8]}v ¢« & %E} u S]A 0 3u@E @ UX]voAeeU((] 0 } » EA §]}ves
% }oo]v §}E+ }E u 3§ o]uld 3]}v ~ X¥yiitds forn fhé Centreq Sdura tial Boa Viagem, Figueira
D}EP v "~ tJoe}vU TiifieX "§]looU $Z @ BaE] the SJuih regiopsEf Rortugal (Algarve), over an
%0 E}A] C e+ o(r%}oo]v 8]}vU ] (estimateddreaof Bccupancy p§ 200 kmz2 (Lista Vermelha
% }ee] o U AlJoo }ve3]3us SE r}((U&e}<Eo(bvP e EUo 1§ideX dZ VRVARER N OX
with subsequent fithness losses (inbreeding depressiaspecies grows suffers from marked habitat degradation

Z o *A}ESZ - Z Eo *A}ESZU idane gualiydoss Eue to} arfdardppgéhic activities, such
and delaying selfing are the three types of autonomows expansion of urban and touristic areas, agricultural
selfing found in flowering plants, depending on thactivities and extraction of inert materials, as well as
pollen from a given flower being deposited over its owiE}u ]}o}P] o JvA ¢]}veX }ve <u v3oCL
*SJPu U (}J&E U pE]JVP }E (3 E 32} Yigeramarg wgalely fi@ymehtpdeand frequently
% }oo]v §]}vU E *% 35]A oC ~>0}C Uf sinall «skzes, obeihg higbly ] vihefable to stochastic
§Z u}ed }Juulv c O(r@E % E} p 3]}v UA Z3v]8Z & XEX(QWESZ E $X@basun SZ -«
D}EP v " tloe}vU TiiAV D}EP v § dtfidsiminas beén gedsitied\bl IUCN as Vulnerable B2
lvoC J( El}eer%}too]v 8]}v ( Jo.U 3Sahdd is (ggdally prototdd if@ddigal; being listed in the

vV e ]* Juvs8]vP ~>0}C U id61V '}AnAekolbgf thie tHabifdtd Directive; however, the recent
TiideX C JIVvSE SU % E]}E -« o(]udetectionudEnovel ([godlties giégreased the category to
}%3]}v (JE @El}eer%}oo]v §]}vU in € uE SQGZE(AME t EdX E A ESZ 0 U
situ §]}ve }( *SE}VP % }oo]v §]}v o]u]is habiattsméracidg itibedpepulations (Lista Vermelha
The occurrence of different mating mechanisms is &0}&E& s ¢ po EU iiidX /v(}EuU S]}v |
of major importance as it structures the population3Z]s % ] « A ¢ vivr E]«8 v3U A]S8Z /h E
genetic diversity and population dynamics of a specias an important conservation measure, to increase the
~K}e§ GBu ]Ji GU TiiiV EE 55U Thknowhkdgeofihebjolpgy of V. litigiosum.
is of an increased importance in endemic specid$us, the objective of this work was to study the
characterized by a limited number of populations and(E % E} p $]A 1}0}PC }( sX 0]8]P]}epu
or small population sizes, where reproductive succestidied flower development, reproductive mechanisms,
may severely decrease with the number of individuadsd degree of pollinator dependence and of reproductive
Jv 8Z % }% po 3]}v ~* Z uel § oXU+rf@@W KR&)FuU JZ]IEU A (}oo}A (0}A
111U 7117V tlo } I © E Jo v U TiiT*X clogely th(dé&t&rmine flower lifespan, monitoring female
impacts of reproduction modes for plant populations, itiand male organ maturations to depict mechanisms that
essential to understand the corresponding reproductivel C 00}A % E]}E }E o C =« o(]JvPX }
biology and main reproductive mechanisms in order &xperiments were also performed using pollen tube
develop a management strategy to protect a particulafevelopment as reproductive success variable of the
%0 VS *% ] ¢ e  ee(H00C ~N Z uel J§( aXWUSiBBPAMIV0oS}IVv SE 3Su v3eX

MATERIAL AND METHODS

Flower development
d} e+ ee (0}JA E A 0}%u v3 v (o}liAloEEsahtes¥and flp(alsdevelopment was monitored
litigiosum, flowering stems with flower buds from 16 ]oC pv3]Jo « v e+ v X dZ (}oo}A]JvP %
individuals were collected in natural populations ancecorded: day of opening and closure, and presence/
| %8 Jv 8Z o }E S}EC pv E }% Sseonce pl ddaléhvgraing Xn Xhg stigma after corolla
kept in vessels with a nutritional solution for cut flower§ % v]vP X &o0}A E pup « A E o} }oo
and with natural light conditions), and further excludethflorescences to inspect the occurrence of anther
(E}u %}oo]v 8}E*X &0}A E pue AZHe & PP (}J&Ev 3Z }% Vv]vP }( 2 }@E}
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Pollination experiments Z EA 3 Jv. §Z v}io 0619 (}E *u * <ph VS
To determine the reproductive system of V. litigiosum}( % }oo0 v 3 A 0}%u v3X &}E §Z]
we performed controlled pollinations in an environmensoftened in 8 M sodium hydroxide for 2h, rinsed in

/£ ou JVP % }oo]v S§}EX &}E 5Z JUS]EPuEA oA E+3%VE A]SZ v]o]v ¢
inflorescence were tagged and assigned to one of thes El }v ]8]tve ~ (v] 8§ oXU TiifieX '
following four treatments: (a) emasculation immediately%o 0 Jv u] B} }% 0] A]sZ E } %o

(8§ E }E}oo }% V]VvP A]S8Z v} }SE(ED VIWUSB]}VIA E «0]% Vv + o0 X
§} ee oo ud}viulue e+ o(r( E3]o]l 3Weve coyt@a usihg pA effluorescence microscope with
}% V]VP ~]X XU % E]}E * o(r%}oo]v B$VveVY]oSeEHIVY V%O §

(0}A Ee t 8} oo oo %E]}IE v o C e 0(JVPV ~ o

emasculation immediately after corolla opening and Statistical analysis

Z VvV r%}oo]v S]}v pe]vP }us E}ee IDiffereneestin $he number of pollen tubes between

% E]}E  o(r%}oo]v 8]}v v }IuS EIwdod|vef]}ve ME~ 3uwWse A E v oCl L

Uue pdo SJ}v v Z v r%}oo]v S]}v We]ANOVYA,SfollBywed 9% doTakey test for pairwise multiple
t 8} o e¢ }%3]u 0 %}00]v 3]}v 00}A}uBe Go]§T+%SE 3 P] X
After flower senescence, the pistils were collected and

RESULTS
Flower development Pollination experiments
dZ o]( *% Vv }( (0}A E- }( sX o]3]P thraoonirellg¢d pollinatien&}Beridents allowed the study
1), meaning that in nature the flowers remain open andf reproductive mechanisms W litigiosumX ~]Pv](] vS§
AlJo o (JE %}oo]v §}E- (}E }v differehuesQie dhstn@ bstweProt@atments (F3,52 =
we observed that the dehiscence of the anthers occuisd X660 U W D iXiiiV &]PUE T ¢X &]E-S!
(}&E }E&}oo }% Vv]vPU X XU Jv oo @ SWIE]v BE}oEdCo (85 & * 0o(r%o}
v3Z ¢]eU A]S3Z « 0(r%}o00 v JVP %o}e]uP PveEZ335JPAZS]*% ] * ]* *» o(r }u%eo
% %]00 ~&]PHE T r oX dZ]e }% VASZZ Ko} w]S]oEQUIVE §Z % E} p 3]}vX
% E]}E  o(r( E3]o]l 8]}v u Z v]*uXVA}SA]VR IM0&EZ+ o0CUW}oo]v 3]}V *3E ¢
the corolla starts to close (Figure 1C), and the antheasd b; Figure 2D) presented a similar number of pollen
bend towards the stigma, enabling the deposition ofp « ~W E iXiAV D v F "W r 60Xi F
more pollen on the stigma and the possibility for delayedd XisV Z}A A €U $Z vuu E }( %}00 \
s 0(r%}oo]v 38]}vX ,}JA A BEU 3Z % Jrothese Pe@mpns wa pigmiicaRts/ lower than those
to acquire a whitish color, possibly linked with lowesbserved in treatments involving outcross pollinations
Al ]o]3CX /v 8Z u}EV]vP }( 3Z (}oB&E]v®u vGY 3AX ME&IPUE T + ~W D iX
is completely wilted (Figure 1D), easily falling from the}$ ](( E]JvP 3A v 8Z ue oA « ~W E i
Jv(o}E& » v X iTX0U r i60Xd F idoX0V &]PUE 1T X t]¢
(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
*SC0o *» ~&]PUE T X

DISCUSSION

Verbascum litigiosumpresents a mixed mating E *% }ve 8§} ¢ SE}VP %}oo]v S}E o]u]s
strategy that secures pollination in the absence and, at present, it might be an important strategy to

u SJvP % ESv E« Vv I}E % }oo]v S }sEstais thethjghy Fagaadhted @hd<snoa(lrsize populations
pollination; however, pollinator visits have the potentiadf this species; still, further studies are required to assess
8} «]PVv](] Vv30C Jv E + E % E} u 3 (B S |5 %REAVE (PEV e+ v P v §]
This reproductive strategy most probably evolved in
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Floral development i66TeX dZpeU 13 A+ Jvd E «3]vP &} |
The study of flower development revealed that flower® ]S]PJ}epu A Z] ]S % E]}E « o(r% }oo]v
of V. litigiosumhave a very short lifespan, remainingZ « « A @ 0 A v3 P e« v Jeo A Vv3 P X
open and available for pollinators and for outcrossinmgumber of ovules available for outcross pollen (Lloyd,
(}& }v C }voCX vsSZ €& & Z]t0&®BY (VE oO}CE}80 oXU id6dbe v SZ (
opening, releasing and depositing several pollen grain}A E+]3C ~]v E ]vP %o E ¢*]}VvV
}Jv 8Z (0}A E[* }Av «§]Pu X dZ]s AD) B -NE@IEE}6OG6e E u}vP 3Z U
% E}U}S ¢ * 0(r% }too]v §]}v (JE ()% & JBU VIVIRW 1M XPYVSE 53U E % E
% E]}IE « o(r%}oo]v §]}v u Z v]euXansl sahservatign of @el}vaddpted genotypes are of
the corolla starts to wilt, closing over the sexual orgamggeat relevance, especially in endemic plant species
V % E}u}S]vP (LESZ & *» 0(r%}oo]wv 34} CUUIARUV "NV <EdSriiiTeX WE]}E

% }oo]v S]}v u Z v]euX advantageous due to its effects in flowering periods; the
accomplishment of the flower function usually triggers
Mating strategies flower senescence, resulting in small flower lifespan and

Pollination experiments revealed that V. litigiosisra short flowering periods, therefore, reducing the cost of

e 0(r Ju% 3] 0 *% ] *U 03Z}uPZ Yp3AEE-u%hVNdo]w S]F< o]l ~ s}Po EU T

*]PVv](] vS0C Jv E ¢ ¢ }((*%E]VP % E} nEB]}&XKS sX®E Z]epu]PZS % ES] po

litigiosum produces offspring in a mixed matingh habitats with low resource availability such as dune

u Z vi]eu pHe ]S V * 0(r%}oo]v SCeL UNBXE]YEZ2 o(f o U §Z E %VE} H §

pollination, which guarantees a priori approximateliitigiosum » use §} U ee(HOoX KUE (] o }

IV ISZ]E }( 5Z }((*% E]vPU (}oo}Aletecteéd $at al} teefidWESS projdiiCed fruits, although

(}& 82 } MEE v }( }US E}eer% }owilv vadie -nuobels Wf pdodiieed seeds, consistent

Additionally, our results also showed that delayed selfing]3Z §Z @& epode } § ]Jv ]Jv §Z]e «3pu CX

might occur (treatment b had a slightly higher number

of pollen tubes than treatment a; Figure 2D), althougkuture studies

it did not significantly increase the reproductive succe3$ie results of this study provide significant insights

Jv Ju% EJe}v A]3Z % E]}E * 0(r% }ooJNSSFAXE o E}  8JAVP]}0}PC }( sX 0]

Z e V}e @A }v3EZ o0}e0C E 0°5A EXOSZCBorYBZ>XUE u Jv §} § «5 X

Al3Z u e po 8 (0}A E+ E% E] v dwhies @rednaEdedi td uantify the contribution and

in pollen deposition by the time of flower closurémportance of seeds resulting from selfing for the

~ }vv 00C 3§ oXU i0606¥eMigiophnAheEW Jws v v }( vV SHE 0 %o}%po S]}veX A
lul]v v8 ¢ o(JvP u Z v]eu ¢ ue 3§} of the @GadrEe between the contribution of selfing

% }oo]v S§]}vX dZ o | }( ]Jv & -+ ]v ad owmgrossitg fd( Popptatorv dynamics and genetic

Su » (8 E o0C =+ o0(r%}oo]v §]}v stjetdrs areEundamental 3ot only because they

loss of viability of pollen grains, as they start to acquiege context dependent, depending on factors such as

a whitish color at the end of the flower lifespan; still%}oo]v $}E ve]3C v }r(o}A E]JvP }

(LESZ & *Sp ]l & v oo EC S} S 8 SXUZQYMWPYZ 3 X 0} pe 8Z C ul]F
0C <+ o0(r%}oo]v 8]}v ]e 3Z u}es (Bulveu vZ W@ <+ Jv E ]JVvP 0 A 0+¢X &

}( uS}viu}lpe ¢ o(JvP ~ XPXU D} EHlowel déyaelegmant such ¥s pollen viability across the

D}EP v § oXU TiiAV '}}PAJoo] ~ flowaElfespandmight hplp to understand the role of the

it does not compromise the occurrence of outcrossingljfferent reproductive mechanisms in this species, such

thus promoting genetic diversity while assuring thee o C <« o(]JvPX

production of offspring when outcrossing fails (Lloyd,
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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
A} (8 E }E}oo }% v]vPX
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
A15Z Alos }E}oo }v C 3A}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
Su o ~F Mo Jv §8Z <35Co (S &E
}vEE}oo %o}oo]v S]}veX W}oo]v S]}v
treatments: (a) emasculated after
}E}oo }% v]vPr § S]}v }( e o(r
pollination before corolla opening;
~ ¢ HUVU V]%opO § T S S]}v
of selfing (prior and delayed
* O(JvPeV ~ ¢ ueposS v e« oOf(r
pollinated; and (d) emasculated
v E}ee %}o0]v § X ~IPv](] 3]A
differences between treatments
8§ WD iXiih E & %E » vs A]sZ
different lette(C) Day of anthesis,
afternoon; (D) Day two after
v3Z *]*X &O0}A E A 0}%u v3W
(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)
gg{ver with wilted corolla on day
SA}X
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ABSTRACT
}oo 3]}ve }( }3v] P & ve E pv]<p o]JAJVP E }JpE + (JE E+ E ZU }
A op % V e Z AlJoC }v Ju% @E Z ve]A } pu v3 3]}vU ] v3](] 81}v v
manage their collections through databases, albeit using multiple different software and representing varying degree
}( 8 <p o]3CX dZ]e Z § E}P v ]EC }( & o +3]00 Z u% Ee SZ}E}UPZ }/
§} ((1 ] vsSoC }}E Jv 8§ }oo S]]}V %E]}E]S] » u}vPes J((&® V8§ P E v-U
To address this problem, partners from the universities of Berlin (FU), Frankfurt and Heidelberg initiated a projec
v "Wo v8 }oo 3&]}ve Jv }8v] ' E ve o >]AJVP Z ¢}JuE = (}E /v8 PE §
It combines evolutionary research with the harmonisation and interconnection of databases from eight Germar
}1Svl] P & veU (} pe]JvP }v §Z J& *% ] o }oo S§]J}ve }( E&}u o] » Vv %]%
represented in botanic gardens, attractive to the general public and ideal models for studying the evolution of
1} JA E<]3CX ¢ % ES }(SZ E e+ E Z % | P U ee]jve & Z | (}& §Z
v E e+ u%o0 U v U3ZueU u ee] o (JE E+« & Z]v epuss3]v o A CX
pe Jo]SCU & } JvP e« ] vS8](] S8]}v S}}o ]* Ju%eo u vs X
The project further aims at developing an online portal that combines all relevant information from the databases of
§Z }5v] P E ve ] ]VA}OA X dZ %}ES o]e =+ }vsZ ]} ~ WEIA] E "}(3
]Jv ]JAl p o }oo 3]}v & e} J(( E v 3C% * (}Joo}AJvP 3 v & ]- s
}vv 8]}v 8§} §Z }E]P]v o § % E}A] EeX dZ %}ES o AJoo ee] 0 &
uu EU AS Evo E+ E Z Es }E JvS E 8 P& v A]*]3}E* A]SZ *% ]
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 an
§Z Ju% E]e}v A]S8Z }8Z & }oo 38]}veX dZpueU 3Z %}ES o AJoo Z 0% ]V ]
collections in comparison with others, to improve their collections and the associated data, and, ultimately, to develoj
}Joo 3]}v ¢SCE 3 PC ]Jv }}E ]v 8]}v A]8Z }8Z E }5 v] P E veX 038}P 38Z (
may promote the use of living collections for research within the project network and beyond, and strengthen the
Ju%}lE&S v }( }Sv] P & ve]v u ]vsS JvljvP §Z « }oo S]}ve Jv §Z %op O]

KEYWORDS
r,]J8, EA «3 E "}(5A E U ]} « WE}A] & *"}(3A E U }oo 38]}v 8§ e U >]
Data Portal, Dna Barcodes

INTRODUCTION

The role of living collections of botanic gardens.  pressure from the Human population and undisturbed
The global plant biodiversity is declining due tbabitats are becoming increasingly scarce leading to an
Z ]88 *SEN S]}vuU oJu § Z VPIUrPMVvPO V}rid E+]SC 0}ee ~DUE%ZC -
SE ve(}EuU 8]}vX dZ A}Eo [* ]J}lu *BEX@itupV}o& BFJbvwe eped ]v A}Eo rA]
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resource to conserve and study global biodiversity amdlue and the largely still untapped potential of living
to provide access to species from vanished ecosystenmdlections for research might be promoted best by an
}JE & uls v ]v e] O E X }3JvE P @&]VJo]SC S} ¢ ] v§]eseX
are such places, which cultivate more than 100,000
](( @ v8 %0 VS ¢% | o r E % E « vS]urifockibig tise vaulgs ¢f(living collections: Network
Po} o %0 v3 JA E+]S5C ~D}uv Ssolati¥nstii6éeX o}v v
the living collections of German botanic gardens wResearchers in need of plant material for their studies
find more than 50,000 different species presenting were commonly required to make an informed guess
unique living resource for research, conservation amwhich living collection could supply relevant specimens
U S]}v ~&]PUE iX /v }E &E S} (pojisoditeztly] SEnt pud maleriad regiipstsWo the largest
especially for scientific purposes, botanic gardens needv u}*3 A oorlv}Av }8 v] P E v }oo
to enhance accessibility to their collections and providéowever, in recent years online databases became
Ju%@E Z ve]A } pu vs 8]}vX AlJo o 8Z38]JvE + §Z e¢] Jo]5CX
Ulm (Germany) developed the (online) data management
Heterogeneous documentation of living collections. «C+3 u ~""Ced £ _ (}E& ]} ]JA E-]3C S
The catalogues of living collections are nowadays mostfly "C+s§ AU ee]lvr ¢ JVv(}EuU S]}v ]
3} E Jlv. o 3E}v] § o oX ,}AhdSe @ gadpresd]Sie this management tool, which
different data management systems and varyingllows an immediate identification of the most promising
degrees of data completeness and quality lead to @doo $]}v Z}o EX up Z A] E § e}uc
A EC Z 35 EIP Vv }ue } pu v8 3]}V oO]we8]5%SXjveeZ o v P sz & ]lv §Z
on data from 53 botanic gardens, a survey carried odatabase by Botanic Gardens Conservation International
among members of the Association of Botanic GarderssAAAX P ]X}EP+X d £}v « u $ E] o
Jv' Eu vre% I]vP }uvEE] « %] $§ seritdirtwa@Eimbeh oflahodydnised collection holders
}( e *}(SA E <}ous]lve o0 E0oC ~RBud viePieoCX ,JA A EU 3§Z]- §
Most of these solutions intended to account for then active updates by every single botanic garden,
very specific nature of information linked to livingZ v. U u]l]PZ8 & % & « vS v }us 8§ Jv A
ee]lveX % v JvP }v §8Z ]v ]Aokcurrence Ydata, Jthe Global Biodiversity Information
garden’s documentation practices, the digital recor& ]o]3C ~AAAXP J(X}EPes Z - Z] A
of an accession might hold information on provenanagpdated online database, which holds more than 1
and gathering details, cultivation and propagatiobillion observation and specimen records from a large
history, determinations or other curatorial commentswumber of natural history collections and citizen science
and observations as well as associated scientific daatforms, independent of their data management
(obtained from plants of this accession such as sequene€ ¢S u X
JE ujE&%Z}o}P] o § X
This structural heterogeneity hampers obtaining an Aim of this project.
instant overview of both the diversity and representatiodn online, complete, and permanently updated plant
of plant species in living collections and the respectievA vE8}EC }( o]AJvP }oo 3&]}ve ]Jv }3 \
§ <g 0]SCX 8§ 8§Z e« u S]Ju U }SHefde, we vl outtine €Be combination of various tools,
facing limited financial resources and, thus, are urgetbveloped at the Botanic Garden and Botanical Museum
C S$Z %ou o] « S}IE S} E W %Bearlin, 3VHich We dugedEto et up into a data portal
a need to set collection priorities between different%. G « vS]vP ee]lvr o ]Jv(}EuU S]}v
gardens based on reliable data and guided by an efficienfoo S§]}ve ¢ %]0}3 % E&}i S$X
v ]Jv % v vs }}E ]Jv §]}vX &uESZ EGu}E& U 8§z Z]|PZ

MATERIAL AND METHODS

An initiative of German botanic gardens. A Yoo 8]}ve }( }8v] " E veW >]AJVP zZ
Partners from the Botanic Garden and Botanical Museuivd PE $]A Al}ous]}v EC Z « & Z_ ~ /
Berlin (Freie Universitdt Berlin), the Senckenbegpal is enabling the interconnection of botanic garden’s
Nature Museum Frankfurt and the Botanic Garden arthtabases to promote the collections as resource for
Herbarium of Heidelberg University initiated the projecte =« & Z X
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During the pilot phase, we aim at connecting thgie]JvP §Z /d A« EA] + ~'°v3e Z 3§
databases for Bromeliaceaad Cactaceadrom eight Bromeliaceaghe taxon list has been provided by Butcher
"ECuv }Sv] P E ve]vs} vivolv VB %RUES oXS8Z WII E}lu o] Xvold A}v:
%0 V3 (ulJo] e E A 00rE % E * v3 oV 0]A%P E¥oo 33]37-U /d %0 3(}EuX
highly attractive to the general public and ideal modetaxonomic backbone allows the verification of species

for studying the origin of biodiversity on evolutionaryjmames used in local databases and to provide feedback
SJu ¢« o X }v 1us 8§ 8 AElviuC JE }ESZIPE % Z]
Two research projects will exemplify the use of collections

and improve usability by defining new molecular markers An online data portal of living collections.

that will aid species identification of, for instance, sterilel Z 8 %}ES 0 « Aoo «3Z r,/d Z EA
%0 V3*U Vv % E}A] Jvr %3Z E *}d%SYyvIUIEE F(IAVE]IVA 0}% (JE §Z

}( ZC E] ] 81}v v puv ES ]V *% ]]¥ JAUE]ET X3A}EI ~" EU E}P § o
online tool for identification based on selected markers§ oX fiifie v }8Z (E % &}i S« § §Z }8§
~ @& } JvPe AJoo A 0}% X dZ E}3CW] o Dpp}uw AJBo]vX /8§ v Hed}u]e

be validated for their identification and linked to obtainedo requirements of living collections and attached metadata
Z E EJpuu A}p Z Es v E o <p VvV EeHoZe]|SUHF]|SUEDD Z E E]Jpu Alpy Z E-U
complete envisioned online documentation from thé&he interface is mostly intended for users in botanic
ee]lv o }uE usS Elo v Oo}vPPSEEUWE Y& £S Ev o E+« & Z E-X D
herbarium vouchers to scientific results will facilitatese the data portal for the purposes of determining
sustainable and reproducible research and will promotmllection strategies, for data curation, and, for example,
} %0 Vv ee o ] v X the exchange of plant material or the reduction of
E pv v ECXdzZ E (JE U u}eS }u%o S
The infrastructure for primary biodiversity data access.collection, curation and cultivation data of accessions
All relevant information from local databases will bd E}u ](( & v8§ P E ve Je« E 0 A v8X &
combined through the BioCASe (Biological Collectiohsy $Z }3Z €& <] U u]PZSs }vZ8Z So}}l
ee AN EA] U ,}o 3 Z | § oX 1110 MEEWA] AGitEN@#ARSEE interest in accessions with
v 8Z ]Jv A£]vP §}}o r,/d ~ Eo]v , RAoo¥]yPuw vEv JEEYP]v v u 3 E] o (E}
d}}ol]8U <o ES3 3§ oX TiifdeU AZ] Zome¥sthede diffprehit udeds(and to deal with potentially
individual databases into the Biodiversity Informatiosensitive information, the access to the data portal will
Standards (TDWG) data standard ABCD (Access to Bioldggcalanaged through a login and registration system with
}oo S]}v §U ,}Jo 8« Z | & oX T1iiidifferenfuset giubsss E
queries BioCASe to store the standardized datainanindex X dZ }u%o0 S ]Jv(}&u S]}v ]« (E o¢(
§ o ~&]PUE (X dZE}IUPZ 3Z]e |VEE 33E % ITHRAU &2 AVSZEV 5Z v SA}YEI ]
database can be updated on demand without input from X A8 Ev 0 pe E*U ep Z » E » E Z
§Z % E}A] EX ,}JA A EU % E}A] @E+theHelevhut cdlletdian data, dsigin of accessions, and
ownership over the amount of shared data through theiree} 1§ u 8§ § (8§ & o}P]vX
o} o ]ves oo 8]}v }( 1} ~ X X dZ P v E o0 %M 0] g Z o 5|
The taxonomic backbone f@actaceawill be assembled Jvd & «§ P & v A]*]8}E+ § X AJoo |
from the accepted classification and species list of thist of species and the number of botanic gardens where
/d %0 $(}E&u (JE C ES3 A}vIuC 3Z E0OMoZICo 0@ *XNpERA-E ~A]3Z}us E

RESULTS & DISCUSSION

Development of standard entries for the data portal. group requires the participation of each botanic garden
The heterogeneous data landscape leads to vei}]v]vP $Z v SA}EIX
individual data entries, whereby the output shoulddZ (]Jv o }uS%us }( 8Z § %}ES o ~

%o% @& S5 v E ] v 00}A <u]nétwoiku &oreRhat regifires regular opinion exchange
Hence, the representation of the data and the definitonv S&E ve% &E VvS§ ]*1}v u I]JvP X
of which information should be presented to which used Z S %}ES o0 |- ] 0o (E}u (00T
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CONCLUSION

Benefits for collection holders. Benefits for the community access.
The efforts for a botanic garden to be hooked up to thiéor the sustainability of this data portal, the challenge
data portal are low profile and the interconnection ofvill be to raise interest in joining the data portal for
living collections will provide several immediate benefitdditional botanic gardens and to open up their living
to the collection holder: collections to a wider public and new user groups such
*After harvesting a local database, a data cleaning stepis E « & Z &+ X
applied that will feedback erroneous data records to th€he botanic garden community will profit from a joint

§ % E}A] EX data portal through:
*The match with the taxonomic backbone will allow & d Z }oo 3]}ve }( A v euo0o0o v ]Jvi Q@
quick overview of hierarchical taxon representation in gardens will receive enhanced visibility and increase
collection and notifications of orthographic or taxonomidZ J|E& Ju%}E&S v (}& E « E& ZX
% E} 0 us A]JSZ *% ] * v u X *Evaluation of collections in regards to species diversity,
Zd}}oe e Z ¢ VV}ACe Vv 0 }uu vS @E] pVvivv(BIX VIVWSE *S]VP % E]}E]S] -U

§ Eu]v S]}ve }E }uu vs8e C AS E¥oljo*Eo XE Z E-X
*A comparison of accessions maintained in multipfCollection strategies can be improved by setting
botanic gardens will allow for a more efficient updateriorities for important or rare collections and

V.  lu%o0 3]}v }( 3 15 ueX &UESZ EWREWVPZ]n%djos » o« AZ E X

Z] A SZE}uPZ <3 5§]*3] o A op SBIEX £ Z vP }( %0 v3u § E] o ~ XPX
*The accession data will be connected to herbariuflant Exchange Network, IPEN) can be reinforced in its
A}H Z E*U E =+ u%O0 * V *% ]Ju v %ekjiéyP liodeH fot instance, correcting duplicated
Z™" u%0](] v *Cr8}lrpues "% ZCo}P/W & vpuvSEHIX S]}v
§}}oe_ A] E E } « AJoo Ju%. 0 Hiastl, tKe advent of obtaining a complete plant

inventory of living collections in botanic gardens can be
pe (}E& }}E& ]v § }oo S]}v «SCE § P]
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Figure 1: Parts of the cactus
collection at the Botanic
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Figure 3: Overview of the
Z EA 5§ E - S o Vv]vP
infrastructure leading to the

§ %}ES o }( 0o]AJvP }oo 3§]}veX

Figure 4. First glance at the
ee]lvr o § %}ES oX
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THEME B
BOTANIC GARDENS AND GLOBAL CHANGE



Zs s"sWs s sdW ,Kt ZKz > Kd E/ ' Z E* s/ dKzZ/ | Z "W
CHANGE

d/DKd,z : X Edt/"*>

Royal Botanic Gardens Victoria, South Yarra, Australia
§JuX v3A]eo >E PXA] XP}AX p

Originally published as
Entwisle TJ. R&PECT: How Royal Botanic Gardens Victoria is responding to climate change. Plants, People, Plane
2019;00:1-7. https://doi. org/10.1002/ppp3.18

SOCIETAL IMPACT STATEMENT

Botanic gardens have a responsibility to lead, encourage, and contribute to research into climate change, particular
E o S]vP 8} %0 v8e v SZ |JE Z ]85 S§¢X t UM°S p 8§ U Jv 8§z E} 8 e v
through seedbanking and other ex sittoo S]}veU v }vSE] us S} & S} CE S]}vX '}} 9
% E % E (}E 3Z g +¢]}v }( JUE 0]A]JVP 0 Vv ¢ % X t v VP P }vuvC
% }0]8] ] veU Vv %pu 0] }%]V]}IVX W ESvVv E*Z]%e+ E ++ v3] o v A <Z}po

A uped +Z}A S v (3CXYWrZJdEIE 26 35X

SUMMARY

ojus§ Z vP ]e }pE N JPP 8 Z 00 VP U_ "u}*8 % & ¢¢]VP Jeep _ }E *]Ju%oo
yl]*Zp vP vv o & S]}viv }Sv] o"E& ve v o0oJusS ZvP USZ E ] up
8} Z 0% 3Z A}Eo ul]3]P § v %3 $} Po} o A Gu]JvPX t Z A E *%o}ve]

to research into the causes, consequences, and controls of climate change, particularly relating to plants and the
Z ]88 SeX KuE }E (pv 8]}vU / 8Z]viU ]Je 8} p S U Jv 8Z (&} 3 ¢ ve }
through seed banking and other exsitjoo S]}veU v }VvSE] puS S} €& S} E S]}vX '}} %0
v 8} %o E % E (}E S3Z eep  e*]}v }( JUE 0]A]JVP 0 VvV ¢ % X t v VP P

% EZ %+ A]SZ %}0] CU %}0]8] ] ve Vv %op 0] }%]JV]}IVX W ESVv EeZ]%-+ E
to participate actively in peak bodies such as the International Association of Botanic Gardens and Botanic Garde
}Jve EA §]}v /v Ev §]}v oU v &} }oo }E § A]8Z]v E P]}v o v SA}EI+X &
JME %ol E %o} U S} o ( PL E %0 v3e v 8§} E (1EMWrivdty & P E %00 v §

KEYWORDS
Adaptation, Botanic Gardens, Climate Change, International Association Of Botanic Gardens (labc), Partnershi
Planning, Seedbanking, Weeds

INTRODUC TION
All I'm askin’ is for a little respect total population considered unsustainable on this planet,
KX zZ ]JvPU %0 S X &E vlo]v ~ioddes Juke S« & o]l oC 8§} E u 8] X/
lose their homes through rising sea levels, some will lose
oJu § Z VP ] SZE S 3§} o]( }tweir fadddrougkiGability @& adapt to new agricultures,

ME § oCU 3} «}u o]( }v E ssbme Willgose theiu lives or be dispossessed through
accelerated changes to the world’s climate will leadtpy E « <« A E A 3$Z E A v3e v <} ]
the extinction of some species, perhapsmo sapiens, v <} }vX t u CU Jv SJu U o S} ]Jvv]

v 8Z (o}uE]*Z]vP }( }5Z E- ~&]Rhakgh thedtram&ten, Assuming that is we can mitigate
the impact of climatic change since the planet first & }v. v }8Z E o]Ju §r Z vP % }ooN:
epned Jv 0]( u}E 3Z v iXfi ]Joo]}v GIUE-}®IX} &% BpwX /( A (]Jo 8} u]3]P
civilization, increasingly crowded into cities and with av %3 3]}v Aloo oo §8Z Z & &EX
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Figure 1 PComparison

of  atmospheric  samples

contained in ice cores and more

recent direct measurements,

providing evidence  that

atmospheric CO2 has increased

eJv. 8Z /v u*3E] o Z Alous]}vX

~]Ju P JMES «C }( E M :W>r
0S5 ZU ZSS%*WIl oJu § Xv « X

gov/evidence/)

Ny §Z]e e o | « v E]}IX oJu s TdosX Zo Av yE P& v ]Jv vC o} §]
e (E] e JUE N ]JPP 8 Z oo vP temperatjreScothpded ¢pvalR expanse of concrete: on
Jee  }E Ju%oCU v 5 EloCU 4 surer]e day-withvraxiruid teknperatures of 30
As expressed in The Xishuangbanna Declaration degrees Celsius, lawns in the Royal Botanic Gardens
Botanical Gardens and Climate Changeg/ ]« Z 4 v P \ictoria are about 24 degrees at their surface and nearby
International Symposium participants, 2014), theré&o $Ze 091 PE X ]J(( E v8 % ES-* }(
is much we can do as botanic gardens to help thomoler than others (Fern Gully in Melbourne Gardens is
A}Eo ul]s]P § v %% 3} Po} o up s ddgdees Calsius}cdoler than the nearby Central
suggesting botanic gardens can save the world on th&8usiness District of Melbourne) and we can plant to lower
}Av ps 832z ¢ & (Jv]S oC % ES }(SSd%otO BJE/ X 0} 00CX tZ]Jo (]v rSpuv]v
Indeed by default botanic gardens contribute to mankandscape design to help mitigate climate change locally
things that either reduce the severity of climate change admirable, there is much more botanic gardens can
}JE Z 0% %o } %00 %35 8} ]S }ve <M veZiXi0oA YIXKC o0 EP
tree we plant stores a tonne or so of carbon (Ecometrici, this adaptation of my plenary lecture at EuroGard
2011), and there is almost as much again in the soil avtll (the Eighth European Botanic Gardens Congress,
microorganisms surrounding its roots in a botanicgarden]e } U D C 1iide (}&E SZ =« e¢¢]}v ~ }§ v]
such as Melbourne Gardens, Royal Botanic Garddgbi®bal Change,” | propose seven themes, coerced into
s] 8}E] ~ & u]veU 1iideX C « 0 3]§P %v@E3yuo EP%]SZeepn Z A]JP}puE C
to plant, we adjust the dial on that carbon sink (CreminZ rr*Wr rdU & ¢% S$X

RESEARCH
E E&oC P} vIAU W Efzpu+z]wP tbd aelatBnships among climate, physiology, and
~11i10U % E}A] v A& 00 v$§ epuanaBmy; bée DT herdaqum specimens and historical

a botanic garden could contribute to climate changphotographs to understand past plant behaviour;

E e+« & ZX dZ % ]5C }( wu i}E& }bioldgyPari# distjibutop of invasive species; and
controlled growing conditions, living collections wittomparative studies of responses to climatic variation
&} § E}lviu]l] & % & ¢ vs S]}vU pro¥idingoingights@n iln@ortant ecological, evolutionary,
keeping, networks spanning wide geographic areas,and u v P u vS§ <y ¢8]}veX }Sv] P E& v
IvVIAo P 0 3 ((X dZ « E «}uE - inEeasi@gy Pipdrtdit me€ling and study places for

on discovering the biological responses to climate changéizen scientists, and there are many climate monitoring

et Z o+ S3JulvP }( (o}ArEIFWY pv EEWFEIPE ue A}JE0 A] W Jv u<3E o] U
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Gardens have a responsibility to lead, encourage, affbo vS-e

EDUCATION

A core botanic garden function, and perhaps where thélyrough the capacity of the organization to which | had
should have their greatest impact, is education, in thjest been appointed Director and Chief Executive, the

E} 5 e ve
the AnthropocenéSydney Environment Institute, 2013),
}v ~» uE]JvP Wo vS§
}volv
In that talk, | argued that humans display symptoms of

/

AZ] Z ]« *§]oo0

A} %3}5 v3] ooC o]( r3zE
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Figure 2: ClimateWatch

trail at Melbourne Gardens,

Royal Botanic Gardens
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It includes two truly iconic botanic gardens; a Stat¢vs E 3]}v A]sZ Al*]3}EVE o }E A]
}1S vl o }oo S§]}v }(iXA uloo]}v *%S}]UIVVPE W] SYEPEBFPCU Vv Jve%|E X A

and scientifically the richest collection of preserved plantise directly related to climate change, such as the Water
algae and fungi in Australia; the Victorian Conservati®aving Garden at Cranbourne Gardens, Royal Botanic
Seedbank as an insurance policy and investment baB&rdens Victoria, where plants requiring less water are
for our State’s flora (and part of the Australian SeedbarR $Z & S}P SZ E v ]JvS E%E § X t.
Partnership, a collaboration with Royal Botanic Gardewsiter shortages have always been part of gardening in
Kew’s Millennium Seed Bank in London); and over twastralia, the changes to Victoria's climate due to global
hundred staff, volunteers, and associates who are experfs Eu]vP & % E ] § 5} vipu § 8§
in horticulture, systematics, ecology, conservation, ar@imilarly with invasive species: weeds are a major

u S]}vX dzZz e« & SZ I]v }( -e<e Sthréal o the erwronthedt and economy of Australia,
large botanic gardens, to varying degrees of size aadd a changing climate will allow new incursions and
impact, and all are positioned perfectly to contribute t@xtensions to existing ranges (as well of course as

HE (}E %0 vE3 0]v Vv eo v ]00]3 ESEX BJESZvEQ} L UupeSSZ E % | °
*uE oC } o]P 8} } ¢}X [/ pe $Z whenlasg botanjogardEn,Sve assess new acquisitions for
how botanic gardens worldwide will help us survive th§ Z JE A %}S v8] 0 ~s]ESYU U "% v &
Anthropocene and one of its defining characteristic2008), as we should and must, it is useful to explain that

ZUUu vr]v u oJu § Z vP U v AZi@ thioasitirgyepuiblio(Particularly if we decide to grow a
v (uvP] E& E o00C ]Jv }v3E}o }(spgdidewa strict Soxticdi@ial pfotacols in place such as
education pure and simple, and the kind of case every® rZ JvP_ 8} A}] vC - e X

}1Svl] P & v «Z}pyo ul U « }(8 v 7his}e qptoth¥ place to discuss the philosophy and
Of course every plant in a botanic garden shoufskdagogy of learning programs, but whether they are
have a story (the key words in any useful definition aimed at informing or inspiring, a core message for
a botanic garden are that each plant, collection, or}§ v] P (E ve Jv §Z fTidee VSUEC upe
OV e % <Z}uo Z A "% WCE %o} _ Yhitigateahe @dbipt id chrmate}change, and the role plants

A EC %0 V3 J* V }% % }ESUV]SC 3% ouC JVXS/A]e @ %} ECX

SAFEGUARDING

Most botanic gardens contribute in some way to theZz « @E}puv {UTil *% ]« }( v §]A }E Z]
%ZCe] 0 %@E}S 3]}v }( 8Z A}Eo [p (EFEEX J¢ €Z 3 SF|EE 3E] o ~PE}
through living collections of rare and threatened species,}uszZr 8§ €®v }E&v €& }( §Z }vs8]v vs |
through seed and germplasm banks, or through dirent terrestrial orchids, with many species under threat
UuvPuvsd }(VSEUE o0 }E E *3}E }A PESP]IVIVEAZAE }ve EA SZ o 2% ]
are many examples of integrated conservation prograntseir risk of extinction, many recovery plants include
involving botanic gardens, but the shining exampleisthat E Jv3 &} p 3]}v  Ju%}v vEX ,}A A EL
of the extremely rare and only recently discovered conifgrears it has been extremely difficult to propagate and
Wollemi Pine (Wollemia nobilis), from New South Walesy  ¢s(pooC 3S& veo} § u}eS § EE +5C
]Jv peSE& o] ~t}} (}& U TiiieX o]uB&ch trredrial Jercifid Species has its own complex
another threat, adding to and sometime compoundingelationship with the environment, including particular

land clearing, grazing, invasive species, inappropriate fiegjuirements for mycorrhizal fungi, pollinators, and

& PJu U v e} }vX /v §Z e J(3Zulleo}ad] WIIFX ABZAE «3}E  %0}% p0 S]}ve
less than 100 individual trees growing in a small ar#i@gorough understanding of a plant’s ecology and biology
north of Sydney, the existence of a widely distributedre required, as well as the support of relevant land

ex situcollection (in botanic, as well as home and othes v P E+ v Juupv]SC PE}IU%eeX dZ
public, gardens) is essential for the continuation of thiS8ardens Victoria is leading an innovative conservation
species should there be any impediment to the survivphrtnership to collect, store, propagate, and reintroduce
}(SZ v SUE 0 %o}%oppo S]tveX SZE Sv S EE& *SE] o }E& Z]  Jvs} §Z
Another good, integrated example, is the Orchidas many partners, including Catchment Management
Conservation Program at Royal Botanic Gardens VictoAathorities, national parks, conservation NGOs such as
AZ] Z & o] « }v Zpu vU v }3Z EU %rusE Sov NBEtuR] %nivérsifiess dRd odrious government
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% ESU vSe Vv luupv]sSC P @E} % \Xhild Zeedbhoksjand §epetically diverse living collections
groups and many volunteers are critical to the projecare the best ways to safeguard a species outside its natural
providing expertise and resources to complement th& ]38 U A v }v }E A} *% Ju ve }( §Z
*U% % }ES (E}u P}A Evu v3X dZ u$s¥E o & ve}HE 3]A+ o0O E §8 E
Orchid Society (Victoria), in particular, has assisted wikhe Toromiro (Sophora toromiro) is extinct on Easter
almost every reintroduction to date and its members hauvsland, the only place on Earth where it grew naturally,

V U i}E % ES }( 3Z %E}PE ul[s p§ Je-vYAJPEJANS® u vC }3 v] P E
o} u ui}®&® }vEE] pus]lv 8§} Whikelwe hajeusa@ng géhetic variation in our collection at
campaign (Figure 4) to establish laboratory facilities Royal Botanic Gardens Victoria, mostly the plants grown
§Z Z}C o }Sv] ' @& ve s] S}E] Sdomov rgpr&entXmuch of the natural variation that
Alpo Z A AE]*8 v }v 58 E /e0 vV
to keep a representative of a particular lineage, in this
. *% ] U §Z v 8} o} ]SX Dp Z -
Jv §Z MEV]VP }( SZ o] E EC S o £
irreplaceable, so is a particular evolutionary outcome, a
_ , *% ] *X K( }uEe+ PJA v oJuld %
Figure 4. Crowd sourcing poster for Royal Botaniganic garden must triage the value of each specimen
Gardens Victoria's Orchid Conservation Program or sample if we are to safeguard the diversity of plant life
}v. ESZX

PLANNING
When we plant a tree it is not for the life of a corporatés already resulting in better targeted planting and
%0 v JE P}A Evu v3X /3 AJoo Al&EZ@EIP (3B viXtdiz PY@®-P 3} E 3 v «Ju]
V <pu]8 %o}ee] 0oC u}@E& X "~} §Z S E buk trénsition$hs Jcoll@ctiop «so that by 2036 at least
§Z SE 3Z 5 Aloo *uEA]JA v 3SDEIAI(]FD %U [NIDIEIZNIS o (JE §Z
is at the heart of Royal Botanic Gardens At all times there will be a strong focus on assisting the
Victoria’sLandscape Succession Strat¢gBGV, 2016; E} & }uupv]sSC Jv 8Z JE & *%o}ve §
&IPUE fAeX ¢ }usSo]v ]v E v3 %nitkerdationalGlivjpte CbangeoSwnmit was held late in
" ACuU *U 11i6°U §Z +3E 38 PC E }ROAB withg@presehtpdives ifdrd0 allied botanic gardens
ulJoo]}v A]*]3}E- Z C EU & °«%o }vorh fdmbdd thgl Gorld, Znd@Ely SinRclimates similar to
listed landscape and the need to care for a collection &Z}e }( D o }u&v ]Jv 7iid }E& TidiX /8
over 8,000 plant species of conservation and scientifin alliance will be established to further encourage the
importance, planting and planning must take intoZ E]JvP }( IvVJAo P v el]Jooe*X
}uvS Vv3] 1% § Z vP « 3§} (E ]v( oMdhiletheEandbcafe Supcgsskn Stratsdiiought to be
Specifically, the Strategy sets out the steps needed A}EPE S Jv § Eue }( ]85 (} pue }v 87
over the next 20 years to transition the botanic gardecollection and landscape, botanic gardens in Australia
§} }v & <]Jo] vS 8§} §Z oJu § u} @adelggvkereinavXbeakd planning for climate change for
document includes a range of practical measures aatlleast the last 10 years: for example, Role of Australia’s
Z] A o ~v & 3Ju e c}u AZ § % |RBtadit)Gardens in@B®apimgto Climate Change (CHABG,
Climate analogues are being used to identify places2808), Australian National Botanic Gardens Climate
Australia and elsewhere with conditions today similar ®8hange Strategy (ANBG, 2010), and Botanic Gardens in
§Z}e % & ] § (J& D o }uEv ]v T1ilei Caribbeah artéd Central American region are already
VA «% ]+ (JE 3Z }oo 3]}vX D} expéndncihganincreasaitEhefrequency and severity of
and cultivated distribution of species will be used to helrricanes, and there and elsewhere rising sea levels are
select suitable growth forms to replace existing specie§* %0 JvP o v v Z}ES] HOSUE 0 }%S§]
}( ZIPZ A op }E JvE E 83X J/u% E}A pv E<3 v JvP }(
temperature gradients within the botanic garden, water
holding capacity of soils, and plant water use behaviour
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Figure 5: Responding to climate change in the management and planning of a botanical living collection and landscay
the Landscape Succession Strategy for Melbourne Gardens, Royal Botanic Gardens Victoria

ENGAGEMENT
Botanic gardens engage on many levels, starting with atrengthen a city’s ability to maintain a liveable climate
Al*]8}E+ }( IHE* X , E U/ A vs 8} (} pel}v PIES@&Evpud3v 8} E }v «S}E P
%}o] C v Juupv]SC % E}i SeX case, i Svas]inviReddh 2026 by the Victorian Minister for
must respond to the needs and requirements of itPublic Transport to chair what was called a Community
JAv EeU AZ 3Z E % E]A S 1 E %o pu k% W BFE 5ZB% EJSAIV v o ~ KA WU 116
broader public remit, and funded primarily through taxes
of some kind, there will be obligations to assist in the

Ju%eo u v §]}v }( ~ o 38]}v % E}u]e «_ v A E]}ue Z]PZ

0 Ao 3 § P]e v }uu]du vs3eX / A}lpo v JuE P
botanic gardens to extend this further and reach over
the garden fence, to work on projects that help the

P}A Evu v8~ee E *%}v 38} oJus Z vVvP X /v uC "8 §
of Victoria, Australia, we have Protecting Victoria's

VA]JE}vu viv ]} JA E-]8C Tii6 ~s] S} E] >tWU 1ii0e
and Victoria's Climate Change Adaptation Plan (Victoria

t>WU Tiioe « A} I C E]A E+ (}JE }uE '}A Evu viX

Botanic Gardens can also provide leadership and

A% ES3]* (}JE " }uuuv]sG¢ PE v]vPFigite & Repditikonttdd Comindiioy Open Space Expert
not always responding directly to climate change wHanel, chaired by the author
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The Panel was established to advise the minister aret monthly over 12 months, reviewing, and advising on
§Z e§ pe }( TIXA Z S & « }( }% wplaks for thiStopeh spa€e which include parks, gardens,

o A §]JvP §Z & Jo v SA}EI ]Jv }pus EplBy andspGEts eduipient, vealking and cycling pathways,
representatives of the local community (selected through E % EI]JvPU v }uupv]SC ESX Wo v
an expression of interest), combined with expertise fromo be suitable for Melbourne’s emerging climate as well
Victoria Police, Bicycle Network, local council, andthe « ( SCU u v]SCU v }uupv]sC 1}Z -]}
K((] }(8Z s] 8}E] v '}JA Evu vd E Z]8 §X dZ W v o

COLLABORATION

Collaboration will be essential for everything | have

mentioned so far, whether with colleagues inside

}E }use] }1sv] P& vX Ze+« €& ZU p s]ivu

safeguarding plants, and planning all depend on

partnerships of some kind, and engagement is always a

}Joo }E §]}v AZ v }v A ooX + PEE vE WE ] v }(

§Z /vS v §]}v o e} ] S8]}v }( }Sv] "CE ve ~] PX

+ PX eX veU / Alpo V IHE P uu E*Z]% }( 5Z]°

peak international body, as well as Botanic Gardehigure 7: Visual identities for two international botanic

Jve EA 3]}v /vEd Ev 3]}v o ~AAAX Pggdrgnmptworkg(tnfesnatiorral] sseciation of Botanic
v A}EIe ~ XPXU }§v] ' E ve (caggns@ndBotaniciSafdens Conservation International)
e« ovV AAAX P VIX}EPX pe ~&]P paadope regionginetwerk @Botanic Gardens Australia and
be said about collaboration other than to encouragblew Zealand)

ul@& }( 18X

TENACITY

Finally, we should be tenacious: taking a firm

PE]% }v SZ]vPeU JvP § Eul]v U % Ee+]*S]vP ~ vX

YVE(IE ] 8]}v E] X }ueX ~>]l oJu% S_ ~ A& u%o }

v ]15CV VX}AE((E ] 38]}v E] *X }ue A upes 3] 1 8} }uE

}uu]Su vs S} 0]( eMe*S ]v v VE] Z C %0 vSeX

Perhaps more aptly for our audience, we could model

ourselves on the South American Ombu (Phytolacca

dioica), a favourite specimen tree in many botanic

P E& ve ~&]PHE 0OX /S Z » (]€u v pveZ IJvP PE]% }v

the Earth, with limbs reaching out as far as it can in all

JE& 8]}veX /S ] o0°} S}UPZ %0 vsU 0 é} A]éZ S v

E}puPzZzs v (JE& X d}pPZ ps s v EW SZ , i ..
AYu E ~~  psl(po *Z 1V 2% v]e ZFlngre/SGg)}TK)}J (Phy?kfli%z g)lca) in Jardin Botanico de
and shelter for those travelling through the extensive 'H }VU WRESUP oX WZ}S}PE %0 Z
PE ¢*0 v « }( EP vSs]v v hEuPp CX E}S E}o

model for botanic gardens as they navigate their way

SZE}puPZ $Z oJus Z vP (E]Je]*X

R-ESP-E C-T

dZ + <« A v §Zresearch, education, safeguarding, * o]u $ Z vP X t]8Z}pus §Z § E °*%o

planning, engagement, collaboratioand tenacityv  gardens can become mere curious historical artefacts

sum up neatly how botanic gardens should respond tov. }u@E A}E| %Z]o 8§ o] & $Z & $Z v
oJu § Z vP X }VA v] v8oCU 37 (iha +Bere i$ @ngEhing (Wrdily with the collecting and

§Z u-+ }u]Jv 8} % 00 "E *% S X ,S(ud'ylng Zf}sﬁanﬁﬁslol%jusﬁtrm;We have a higher calling,

each other, and to other life forms on this planet, we wil§} « A §Z %o v 8§ « A oo « o E § 3§

be well on the way to dealing responsibly to crises suéih the broadest level, respect applies to the diversity of
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life and to the value of each species as a unique outcotimeough education we build an informed and committed

}( Alops]}v ~}E ]( C}u o]l U «}u 3 ZdmPunilyEby <%idglmldipg aveXprbfect our precious

applies to the way we view nature in the whole, but algoant life, with adequate planning we leave a lasting

SE v 38Z e<]vPpo EX /§ 0°} %o %oledacy,3dy Bidagihg @hthed@avievnmé&hts and community

Jee V3]VP }JE ]e]vd E 5 A] A+«X Z|cafe@E weZexpadd ok ipfluehwe, by collaborating we

anger or frustration, or give up on a particular cohort, W&l H105]%0C }HUE Ju% 3SU v U SZE}uPZ

UU*S BE u u & SZ Ku - VvV % Ee]*SXdXTEIQPUVEE (30[E LU "E *% SJ_

we can provide the evidence to make sound decisions,

REFERENCES

E 'X ~T7iiAuXtralian national botanic gardensWE]Ju U ZX mZWU-ZDPRPW & : X ~Tiid*X
climate change strategy. Canberra: Australian Nationa}s v] o P (E ve ]Jv o]u § Z vP & -
}1Sv] " E veX Z Z3E] A (E}u AAAX WA B PhyBX@ESFAX i6TU Ti1tTiiTX Z55%oe
HIeCeS ul(]Jo *IE *}uE I OF Ar OQOEPBI I XdiidlirXid0o0rd6iToXT1i6Xi101T1XAE
AG (767 061 dl1(]Jo eIl v P o]Ju § Z vP «%E sX P-CK&heXcdpe succession strategy, Melbourne

, 'X ~T1i1idlatonal strategy and action plan for' E ve TiiorTiAdapting a world-renowned
the Role of Australia’s botanic gardens in adapting bwtanical landscape to climate change "}usz z ECE
climate changeCanberra: Council of Heads of Australia? }C o }3§ v] ' G ve s] 8}E] X Z §E] A
18 v] ' E veX ZSE] A (E}u Z33%IWIPARAXIIVIPDUPYAX > v o % z p <]}
ul Z Pl oJu 8§ r Z vP I }S oJu 8§ X% OXzE i X% (X

KA WX ~1GCommXinity open space expert panePC v ¢ VA]JE}vu vE /ve3]dud X ~1iiie>
report. Melbourne: Level Crossing Removal Authorityhe Anthropocene: The role of Environmental

% ES3u vS }( WH 0] dE Ve%}ESX ,Zus@EFJAs (EYW EPUEN v X }Jv( E v
0 Ao E}ee]vPeXA] XP}AX plitiiol } jhw VS E&CX}( ~C v CU u E TiiiTX o
E u]JveU EX ~1ii0eX JUVSIVP  Jo oA EAVIZ vV SH weBKSuS [A%r }vs vEIu%
Exchange Business & Economics, AutumnU [iWIiDK'Z DD zTAiTiTTiioX% (X
Z $E] A (Elu ( Xpv]u o X uX pl ¢ E1@& | ] $tWK Vietoriatse Xlimate change

Juvs]vPr }oo] <rA]8Zr }§ vCX adaptationplanX 8 D o }JuEvV U H*SE o] W
Ju SE] X ~TifieX }v 8&}vv E IMVEEAXEZVAE]SA > VAU tS E v Wo v
(E}u Ju SE] X }ul eo Sel}v z8}vv fEE JAARAE 0odJu § Z vP XA] XP}AX plzz
] Hee]}vz%o %o EZTX% (X (Jo liiTolo6i676ls] S}E] *r oJu §r Z vP |
vEA]eo U dX :X ~7iiieX HE]VP Wo vWooJwviMoriiviXo(X E CX
Presentation at Encountering the Anthropocene: thes] S} E] >tWX Protédting  Victoria’'s
E}o }( VA]E}vu v3 o ,pu v]3] « venvirbnment2-Biodiversity Tii6 X S D o }uEyv
hv]A €&+]3C }( ~C v CU u E 11iAXstrdliA: D¥atmant ofEnvironment, Land, Water and
JulA 8 ZMAASdz Ehhsie&AX Wo vv]JvPX Z SE] A (E}u Z383%*WIIAA
vVE3A]leo U dX X ~71i6eX dZ 38}% ii ZYNE@[zZ53] P &EI1%+(z(]o I1iTTIAITAS

~Wo v38 W}ESE |8 ys///ZeX dol]v®] WEN3r VAIB}WZES W IIA E]SCriiio
S 0l]VP % 0 vS8eX 0}P*¢%}SX }uX pls]|@IuilBZXrS %o tlbrv EU ZX XU t Jeel
(]JE*3r }3 v] rP E vVer%o v3XZ3uoe ~7iideX pe3E o] [* }3vVv] ' E v+ A E
vVEA]eo U dX :XU }o U XU ~ ACu *UhEX ~ L@ X PlantRdlactor@iateriyd otio 6 X
botanical landscape of Melbourne Gardens (Royal Botartig} (} & U : X Hia Welemi Pine: The incredible
"E Ve s] 8}JE] ¢ Jv & *%}ve 3§} o]dissoverwba indng JdssilHrops Bélage of the dinosaurs.
TOU T16tT00X ZSS%oeWII }IXIEPITITXiTIDOldXY@ VXU i qesi®ibll] W d £S5 W 0]Z]v
&E vI]CvU X ~i606¢X Z *% SU *WPZpu ¥RS vv(EME &X S]}v 0 "Cu%e}e]pu

Z ]JvPU i60AX Z o - 0 v3] Z FEIDOMNUdZU WHeEp vP vv o & S]}v
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W]lviU ZX DXTheiidlibme¥e change crisis.dZ]E& y]*eZu vP vv [/vS EvV S]}v 0 "Cu %
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CITY TREES AND ROLE OF BOTANIC GARDENS
Ko s KEZU > E< Z sE: <

University Botanic Gardens Ljubljana, A
% ESu vs }( ]J}o}PCU ]}8 Zv] o ( MOSCU /I vel «§ AU iiii >ipg oi v U
i3] X A }v> (Xpuv]roiXe]

ABSTRACT
dE + E V]V ]*% Ve 0 % ES3 }( HE v VA]J]E}vuU vEX dZ C % E}A] «Z
AZ § vIA Ce Je *% ] 00C Ju%}ES vd p 38} Po} o A Gu]vPX Kv }( §Z
AlJo o (J& 8Z §E puv E 8Z PE}uv v JA 18X He }( % J(] VA
is needed shade during the summer and light during the winter , the choice of right tree species, that will give the
PE &5 +5( o]vP }( Ju(}ES 8} 8Z 18]1 veU ]+ e v3] 0X dZ hv]A E-]3C }3
}}% & 3$]}v A]JS8Z 8Z >ip oi v Dpv] % 0]3CX dZ]e Z - vV JvS ve](] °]v

v 3]A 0C % ES3] 1% 3]vP Jv 83Z HE v PE Vv %}0] C AZ E 13C 3E -+ %
C % E % E]JvP 3y C }uduv P uvs} ]S5CSE X dz }3v] '"E ve A
I}~ ]18C dE « U AZ E uv P uvs ] veS@EpN 3]}ve v 0]°3 }( %% E}% E] $
(Joo}A C uvC E Ale]}ve }( %0 VvE]VP %0 ve (}JE ]5C SE =« ]v 8Z "0}A v]
*]3u 8]}v v 8Z <0 S]}IVI(VASE *% |]*AE %E % E X “}u  }uulv

Aesculus hippocastanum >Xe+ Z A v}A C- Ju 0 e pe (O }JE A V pe 0 oo e
§Z]e E <}vU A 3 ES 3} JvEE} u M8} ZSZ}vipe % ] ¢ JvS} 8Z %0 VvS]VF
(JE §Z 15C ]} ]JA E+]3CX * @& *pod }( }UE *uUPP +3]}ve A u 3z u

v (JE S3Z ]JE uv PuvdX Kv }( 8Z ]PP 3 % @E}i S AZ]S3Z 3Z % ES] ]%o
>igp oi v UA?&®3Z &EV}IAS3}v }I(8Z ulv Avp Jv >ipoiv Xt suPP «3 3§
Fraxinus ornus> X «Z}uo %0 V3 8Z & X Kv §Z]* A vp 06 *% Ju ve }( 8Z (}C
PE}AJVPX /v «u 00 E v AoC ESlbusaria%s XB|IUE iVSEA «E ( %0 vS§ e }v}
For upcoming projects of street renovation in the next year, species like Prunus mai@ithya carpinifolia® } %o X
and Carpinus betulus>X A E +uPP «3 X o0°}U }3Z & "0}A vl v ]3C upv] ]% 0]38]
"E ve }( >ipoiv (JE A] V ee]e3 v }v §Z]e Jeeu X t]3Z Z 0% }( }HE
E  JVP % E % E (JE ]J(( E vE [VE E +& PE}u%ooX t]§Z sp z 3]A]3] +U
%op 0] » EA] * ]V E *% & 3} ]3C §E <X

KEYWORDS
Trees, Urban Environment, Autochthonous Species

INTRODUCTION

Trees have existed in cities since the time people starteduse less water loss and increase air humidity, what
OJAJVP Jv ¢} ] 8] X dZ C &E % E * v3]3]}% dBE M(]3VREE:IZ (( 8« }( Z]P:
greenery, or the most beautiful nature in cities thafhey influence the retention of precipitation water, which

A E v} Av A E }(X t]3Z 3Z inAeEnbin Bnvirondént is also important (McPherson
atmosphere and especially of the urban centres theS o 666V y] } ™ D WZ E-}v Tiio*X K(
trees are becoming more and more important bufferproperties are related to specific tree species (Escobedo

}( ASE U S u% E SPE « ~ uE v IOV TIVV}VTYiEZeXE v E} Z § oX 11i0X
dZ C o0} *}E ii9 }(8Z ASE v E®IvwPE-€+3 u]3( 8Z 15C ~ vuv &
P lv Jvs8} §8Z Su}*%zZ E X dE& -+ wiitEapprdriate plantflfg can alleviate noise, reduce
02, what improves the conditions in urban centredust particles emissions by filtering and absorb certain

~ HE v 1iioU , A]88 § o0<X WE}pol@otS fremahedir: ogdke, earbon monoxide, sulfur
prevent heating of buildings in summer and mitigate low] } A& ] ~ uE v TiioV , EE] ~ eepl i€
S U% E SPE + Jv A]Jvd E ~t}o( i666 ¥ &X SXIdE viw i]&Me>]A 0 C § o
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hs & ] 8]}v ~, ]J*o & § oX Tiife vu J¥SZv *Xu/vS§Ju]8]}v 8} §Z }A ru vi]}
JVEE] us 3} ulE udl(po VA]JEIYLr v&E ~ dBlv SUE o u] E}rz 13 s« A;
0 }ue TiideX /v 18]« 832 C Z A «cgtiEranfmaEae keptywBgtlincreases the biodiversity of

~ HE v iiioVv «} } & oX 1iiiU Ti8ZVudHios W] @}vu v3X E}YA Ce+U ]38 -
0 T1ifAieX t]SZ §Z PJvP }( $Z %o} %o points] dfvglgen pa&BEsaEges thwough the city as corridors
other developed parts of the world, their environmentalAZ] Z o e I 8§} Jvs 8§ v SuCE X 'GE
function of extreme temperature mitigation is ofmiddle of cities are becoming increasingly important

% ES] Mo E Ju%}ES v X E} 0 ¢ JuUBSEBSIiMEXE SE + o0}VvP

§Z &}  }SZ ]v ]8] ¢ v }v o} o GBdmedltiacstavesa s@ecial strgtegy for city trees (Peurasuo
important in car parks where the appropriate trees canS oX 1i1idV ~ ZoZ pe v § o0 1iidoeX dZ
significantly reduce the temperature of the parked carsifos} pe * ]3¢ *% ] o «3CE § PCU AZ] Z
§Z SE 3}%e }A & ve X with our decisions in the University Botanic Gardens
dE =+ ]v ]8] « o0+} Z A <} ]}r }viul}(vipidia}X] EQA CeU P}} +SE § PC
(uv 8]}veX dZ C ]Jv(opu v }v §Z Anpmootant binBe th¢ canfractors for the management of
inhabitants and they increase the chance of staying imban trees are selected through a call for tenders and
open areas all day, what is even more importantinthe®& }(8 v Z vP (}E& S$Z]s & +}vX /v
epuu EX dE + Jv ]8] ¢« o0} Z A péfPnahéht instructibnssanjdvstrategies, there may be a

A oor JvP v Z 03Z }( % }%0 ~,]%eS)Eo uSA]EX Ui Jv]vP §Z ]3C SCE
viv TiiieX dZ €& (}E& U §Z J& <} ]}o}Rtious servicdd tand scgricessionaires Ljubljana finally
more important, although it may be less measurablacquired a proper urban company that takes care of the
§Z v 83Z ]E }o}P] o0 (pv 8]}V ~< Vv (BQ@XEEX & & A] E %E  vs §]A
symbolic meaning, they are a place for sociability, theyrn to the University Botanic Gardens of Ljubljana,
P]A ( o]vP }( E}I( A E % }%oAI @ A E up®& B« E C 3} Z 0% X
dE + ]Jv §Z 181 - & 8§z n]o ]v P Botahid gakdersare oRddnstilitions in which tree species
Pleasant green environment increases the value of reeére important from the very beginnings (Monem

3 & oX d} eju }( 3Z SE =+ ]+ PJATMOY Ko@] @ TiiiieX dZ }1Sv] " E v
properties which help and contribute to a better life ircelebrated its opening in 1810 by planting one or even
13] * ~ HE Vv 1ii0X *%]3 00 3Z |BAI|STA « ("SER(E i66iV A }v TiiiU

§Z SE& U SZ C o0°} e }v(o] §-eof trdes andatheir epvlogydg also an integral part of our

is valuable and expensive so it is very important for ciff] o A}EIU AZ] Z ]« EE&] }pus SZE}puF
HE V %0 VV]JVPX /8§ ]e v ¢ EC 3} tothe kholedgioetdogEanddthe desire to try to plant

for an individual tree because for the same tree specias many indigenous trees within the city, as possible,

in the urban environment its behaviour is different fronwe have been cooperating with the City of Ljubljana for

8Z 8 ]v 8Z (}JE ¢8 ~ v (Ee}v "t 5 GIiMOVON G XE/VE3D ]J3CU A Z A S 1v
T1ideX '}} A v3]o §]}v }( 8Z <}]o v of detd&dingts fopsteIsekdlion of new tree planting in

}( 82 E}}se v $Z PE}ASZ }( +}]othp@tp, anpetheyarévask]rig] us tbr help also from other
however, all this is missing, causing a lack of water aid E S+ }( "0}A v] X dZ § | ]« v}§ «CU
VUSE] v8e ~<}lo}Ael] i666X dZ]e ]becAlBE we Zare RAEStANEY lopking for new solutions
SE <+ ]Jv ]8] *]* 0 e eu  ee(poX dEAZ]]Z P§Joe VWoOE V V3 VvV V}E «Z}EST
dangerous if they are not regularly inspected and properly

METHODOLOGY

There are many important factors in choosing citgermeability in them because of the roots growing to
SE « S$Z 3§ ]Jv(ou v §Z Z}] X o&EZ A BvESZV JEC |JE *% X dZ ]Jves
Hepd 00C Z A % E} o ue A]8Z 3§z sufficied BWEy from theFoot¥ so that the roots do not
hep 0oCU 3Z]¢ %o ]* 8}} *u ooX & BGP®}A wP3AZ uP 3$Z uX W ES]
underground community infrastructures in the city withs the distance from hot water lines and pipelines, which
E}}S Jvd EA A X tZ v %0 VS|]VvP S@Ev €E|8udsU]EZ Eo(}EUcp v « ]( 83Z C
necessary to ensure the tightness of the undergrounthe tree should be provided with an adequate space
community installations so that there is no air or water }A v 0}A §Z PE}uv X /8 Z « §}
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SE (}E& SZ E]JPZS %0 X dE » ES ZgX VIIiIOMEIVsRSSPSE rDp Tiide v ]
puv EPE}uv v }JA PE}IuV % form pla@ily chahnels that are left perforated (Figure
not belong to the narrow and small streets, because ite X dZ]e A C E}}se Z A v 18]1}ve (JE
Phe ¢« % E} o ueX dE& =+ Jv §Z ]3C AIZd jnoplaces%liiEmn the seil at the top is treated in
little as possible, so it is necessary to get trees of th@y way we leave the ventilation shafts and additional
appropriate size with appropriate crown correspondingentilation tubes, which in the great drought at least in
8} Z PJA V *% X §Z (JE*3 C €E }( E}}S]vP v « EA (}C
/v >igpoivuU A «3§ *SE S PC (]} The %uter parpwPthe @antiRgZlole is designed so that
tolerant species, and preferably, trees that feethe grid protection can be removed and the space for
honeybees and are indigenous because they are masZz SEpuvl Je Jv E ¢« X /§ ¢Z}uo }voC
%3S 3} JUE VA]E}vu vE3X dZ C «3}unZ 3013 V¥4%% Eu o (JE J]E v A S
00 EP] + v «Z}uo Vv}§ E | o X v e UWE }voC A]8Z PE] Vv 87 C
Planting holes must be properly prepared with a substralepending on the spatial possibilities we are always
*ul]s o (}JE % ES] po € *% ]| ¢ ~gMivFPIIQEI JMSPZ® GousS]ive (JE SZ (

RESULTS
The University Botanic Gardens of Ljublijana always A }v ~ Z Avi | Tii6 U X Z <y 5« (]}
% ES3] 1% 3 v 8Z A}EIle Ju]vP 3§ féiZpldaing vifflevent Jtfeedpeeks /Sontinued to flow
had its little tree nursery, which is evident through historfy E}u  J(( € vS % E&S+*X /v % ES] po EL
~ASEP E i661V A }v TiiieX t o-¢}arghiteisAwbo ineldeled] trees in various plantings not

§} € %00 §Z /E]+*8]vP SE = Jv SZVOR v wXu/0iiwo6oud Jv J(( E vE % E:
received three hundred saplings of Japanese cherriggld of these various pieces of advice and consultations
Azl z A E % E}S} }o[+ P](3 (&} was the creation df @ bidget fdr a public enterprise that
These young trees need to be quarantined foroneyea, | « & }( PE v €&GC ]Jv >ip oi v ~D o
and that is why we set up a special new field where vemd that a little later also allowed the publication by
%0 VS §Z }A ru v§]}v * % ] ¢ Xthe &@versify BotanicZGardens of Ljubljana of the book
second year of growth, we started to cultivate youngD «3v} @& Ai _ ~3Z ]3C SE <+eU v A
SE o «3E + (JE EIu vV Xt %EMVUSEYEOAATESHEES oX TiiieX dZ |
of the branches and gradually lifted the crowns accordimtpapters in the planning and selection of trees, and in

§} 8Z @Epo * (JE «Z %]VvP SE - (} @anicEgrumean X furtRer enfdsro@nent of the Botanic
prepared for plantations in front of the entrance tothe’ E v Jv § Gue }( A] }v §8Z SE =« ]v
v A el }(8Z }35v] 'E vXt o 35F]%oAVSA &Z (u Al§Z v A Z oo VP )
E]PZ3% 8Z E ~ A }v TiiieX /v 1110 UA3Fajor i&a@n pfojedtywasithe renovation of the central
was invited to participate in the rehabilitation of an ]3C «3E §r ~""0}A vel *§ ]Jv >ip oi
]Joo Pol]$s Zv P & ve330 u vs v ths st@Eetewbich was $hel@id road and the city traffic
Azl z 1- 82 AYEI }( 8Z "0}A v (u@EuS® 2 E A E v} S§E X &E}u 3
Wo vVv]lI AZ} o} A}JEI ]Jv s] vv v haVve®vorkad with@rchiteéc@s at workshops and advised

§ o0 11i6+X 'JA v §8Z 8§ §Z E A « v} thém of hohdo tckletid sehection of the tree species

Jv 8Z Jv]8] 0 %Z « U A % (E}%o}e W EZ 3 Uu% 3] vopusI}ux % E %o E
The solution was the removal of all ballast and preser@n this main road, planned for, in the future, forbid the
the existing trees, which gardeners have planted over tivedividual traffic and allow only the public transport and

C E+X K( }uE-+ U v}$ o0 SE -+ A @edespiass vaslntehdad ta plant as many as 67 new
8Z %% E}% E] & + 0 3]}vX A EQGEuModZo €Eb AS{}u 3}} %0 (Y& 0
}JvoC C o C]JvP }us v <}A]JvP 37 o theveXidpwé s@Ecdededowithv dur proposal for planting a
§Z E ul&E SE +« v (JEU % EI| emallwsde ¥pedies/addordifg to the availability of space
the original trees, including fruit trees, represent a veynderground and in view of the desire that the trees
diverse park, which people have gladly accepted theirZ}po AS v 8}} ZIPZX dZ +8E& S PC
}JAV ~~lulv 8] 1iiieX Jv A e 8} pe % ] 323 E v ]P v}
Later we participated in the selection of some treeand}o & v§ v SE& + SZ § ( Z}v C X
shrub species for the banks of the Ljubljanica RivekE Z]8 & :}1 Wo v]l pe 38Z D ]85 EE
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in Ljubljana during the two wars and our choice wdsom white), which again belongs to the concept of our
VoG Vv u% P E }( Z]eX A"} A Jv opSE | BBZ ~+ZAEBG]ZSAvViI | 1116 U X
eues Jv o SE& *% ] ¢ (E}u 3$Z ’HorraDsmpierdEWEing down park with lower trees we
environment which can stand the Ljubljana winter angroposed a European bladdernut (Staphylea pinnata > X ¢
the urban environment of summer, especially the watd¥or a smaller market, where we needed enough shade
*Z}ES P X &}E §Z vEE o0 o]v }(aBdther&wds réorh fér planting e proposed a European
the manna ash (Fraxinus ornusX U AZ] Z %o E Jnkttle §de (Celtis australiss X+ X /5 J» u}+3 *pn]d o
good choice, because the plant blooms very beautifullysatisfies given conditions and is again a species that is
is little demanding and at the same time very beautifullh EC E}uPZ3r3}o E vE8 Vv % Ee]*3 V&

}otuCE Jv. uSpuvX dZ o 8§85 & @Gjallpark by railwgg Wevpreserved already existing trees

ouvs }( JA E-]8C ]Jvs} §Z]s VS®P@}AHVP }v AMYWE § uE( Xt E u
Z Avi | 1118V A }v = Z Avi | T1i6 Ues%X ]dZ]v 0SEP «&EZ § A E v %}}E }v
avenue is then connected to the crossroad and the roacdb u vse A E §} §Z % EIX t % E}
which goes across the avenue is an approach roadswmlutions for other new emerging banks along the Sava
§Z VEE (E}u 3Z VIESZ ] X, ]B U ARGH%o% #38 C 3Z ]SCX dz
A visZ E E&}uPZsrs}lo E vSs netwral fiparigidgetaiah, removing only damaged trees

* U %ZCS3}P }PE %Z] o & P]}v }( YolA W] vivivas)]% ¥% ] *X dZpe A 3§
Z}%rZ}EvV u ~Ostrya carpifitediXe ~&]PUfEE]PI]X 6VA P § §]}v o}vP §Z EJA EX
the next street, we added a whitebeam (Sorbus ariaz Xowns, we proposed the planting of the evergreen oak

E vsleX }5Z }( 82 *% ]+ E (Queicus l@&C>X%Ss@ SYA epvv] «§ v A]v C
for bees, which implied the placement of this central part]SCX ~}}v ]§ SpuE&v }us §} A EC 9
of the city into the bee path, which also begins at thév $Z ]135C }( "E}A} u 8} _ }v 8Z u EF
University Botanic Gardens of Ljubljana and then spredesnnonian part of Slovenia, we had to estimate the
SZEIUPZ J(( & v % ESe }( §Z ]EqHitien}dalrdddy-exisiing, qiite dadmadged promenade
then proposed a mahaleb cherry (Prunus mahateiXev (]v %}S v8§] ooC Uul}@E -p]8 o SC %
~ A}v 7 Z Avil 11i6 U X tZ]&>Xu ZSAariaZ}e v JUE }u 8] *% ]+ ~ A}
Crantz) was proposed for planting in the park, whichwdsioeX /v 181}v 8} 8§z v ES % E}?
PJA v 8} §Z ]8C C 3§z o]vl }u%rgagzed ta WarksEhdm Jor workers who manage green
this species to the company since the whitebeam wasirfaces where we especially highlighted the work with
once milled as an addition to the flour and because it]$C S@E X D}E }A EU A % ES] ]%o ¢
Z s+ AZ13 o A . 0}AX dZ]s v u ]e JwpqBSo3}5}p]vdE JEE A} EIeZ} % }v 3Z]e §
with the name of the company (Belinka is derive@ Avi | 11idU « v}“I] § o 1iid6eX

DISCUSSION

In the past, very few tree species were planted in thd Z C P v 8§} o} u}*s}(8zZ2 PE v o .
13] *U 18C % Ele A E % EZ %o N A U%BS|JVX}EWOICZIANVUS A « 35 |

to five species were used in tree lines and other publicat causes leaf blotch disease (Guignardia aedoetk)

%0 VS §]}veX /v 8Z , ¢ HEP D}v EsXCWX AZJAZ@$Xu> (ul]v E v §Z (upv
§} C[* "0}A V] U Z}Ee*r Z «3vpus A3Z AACPCS FUYu}wX E]} (}E Z}Ee r Z 3\
dzZz Z}Eer Z «Svus SCE ~Aesculus hippd¢a@EamQhpweXe §yo o SE <X ~https://www.fores
a Balkan species that came to Europe as a horticultupalf/horsechestnut.pdf/$FILE/horsechestnutspdf t  }

*% ] Jv §Z ioaeU VESUEC SZ viv}SIED Bwlw] 2 4} Eesr Z «Svus SE
TiiieX dZ % ] * A+ (]JE*3 A EC %¥op0sEPAv (}&EvSZo Vv3IA ru vi]}v E -
later it was planted massively in the Habsburg Monarchlye genus of a plane tree (PlatanusX+ ]« Iv}Av (E}u
mainly due to its fine inflorescence, large and interestingo P . SE (JE SE ro]v U AZ] Z
0 AU v UUO¢ 5 pud v}3 o *3U 37 |VEuTED%, JEISX s3vpist oi v U A Z A
SE ro]Jve E <3]oo A EC }uu}lv JvktohA WESPUCRAZY BZE §Z E uv vse
u] rvljv 8] U Z}Ee r Z «3vus A« S3Alvuy C(EX}E66d ~au] ,E] E ~ ap ]
chestnut leaf miner (Cameraria ohridella « Z1 ~trees are no longer the most suitable trees for planting
Ju] U AZ] Z « A &E oC PPE A § 3idtays &issthey adeZ alsb@attaeked by various diseases
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v Jve 8¢ ~W]0}S88] TiiTeX Wo v S @oted byvexpefts an differe@E cities in Europe (Sukopp
%}3 v3] 00C %0 v3 }VOC Jv %0 T§ZVE& A IAAooTep@m¥oedd | 11iiVv E Ao C
with water and have enough space underground, whickodefroid 2011, https://www.forestry.gov.uk/« X dE -
]l* E & ]Jv §Z ]85CX positively affect various factors of the environment (Wolf
In the University Botanic Gardens of Ljubljana we folloWb 66 V « } } 8§ o fiid « v Av E
diversity when choosing tree species, what allows us<p} v ~po]A v Tiii U X /v ey Z VvA]C
to create different microhabitats for different animals E <} ] o]I]JvP u}®& v & C]JvP Jv 8Z ¢
in the urban environment, as suggested by various@E v SE * & % &  vS §Z u ]Jv PE
authors across Europe and the world (Santomor 200Rue to the lack of space in the cities, the growth of
Nowak 2002; Burden 2006; Eder 2006) and we hairees is lower in comparison with the species in the

O0*} *% ] ooC SE S§ §Z]e Jv §Z V}3u@E oa](ATEE}SU X ~Yu]Po C 11ideX
T1iiX /v JuE pE v VvA]E}vu viU Jon thE mé&tcexpddadPpayis @&f Ljubljana , where the
autochthonous species that are more suited to droughlack of underground space is the most acute, we select
what is also being pursued in other European cities (Edbe species from our Karst, what proved to be a good
110X ]*1}vX /v %0 + AZ E 3Z E A E
In the light of the population ageing in Europe and alsee created with planting a more friendly environment
in Slovenia it is extremely important that the urbamnd the number of people who sit there leisurely or take

VA]J]E}vu v$§ Ju e o (E] VOC * %}eA @ UJZE%RP PooEXC Jv E « X /v ] &
In the warm part of the year, however, the residence iplanting in the cities of Slovenia and Ljubljana, it is also
the city must be endurable, and the trees surely offer thifu %} ES vS 8§} § | E }(8SZ }o SE rc
Al3Z 3Z 1E -2 ~E}A | 1111V pE vSTEIONMOBM (S ¥Z 5 Ao0E %0 V3§ (8§ & §Z
THiiVv.  A}v ™ Z Avil T1i0eX s Jv SZE AJlvSEZSZ &S 5Z § §Z C v s} (
Upes VIMPZ 0]PZ3X dZ & (}E& ]authprEstats that®nRgrdge wlan trees have the age of
vicinity of buildings and streets, we do not recommendp to 60 years under the best conditions (Skiera and Moll
planting evergreen conifers but planting deciduous tre¢d 81U }3Z EA]s §Z P ] }ve] & o
*% ] U AZ] z E o} %S S} 8§D SYET® Qv (BY}v¥¥u v v N S v TiiieX
When looking for suitable species, we relied on thihe inspection of the city trees and the proper planning
ecological conditions that species have in nature andtlg SZ @& ¢S} E S]}v %0 VS]JVP Je v ¢ (
* %o JVeSE Jvse Jv §8Z ]8CXt Z Ape QUG *%BZ ]J*% v} co}vP E Iu ]Jvs} )
W JME | &S r "prD ]S EE& v v TheREdaasd Borh® iGvadv& $peoies such as elf maple (Acer

E r Azl z & %o $ 8§} A S EVEUE} PXeWl XIPZ A ¢ %0 v3 Jv o &
temperatures and at the same time exposure to cold anthboo  *X /3§ ] <Ju]lo E A]3Z SE }(
*SE}VP VIESZ Alv X dZ C E §Z EoBJE+]Juo}DFoolXs VAJ3Po « v +}u }8.
breaking branches in the wind what is just as importaptincesstree (Paulownia tomentosadZpuv ¢ S g Xe
Jv 18] X >ipoiv Ze+ PE § A vsigartrdeA(CRtalpavifigndmidides o3 XU AZ] Z ]v
throughout Europe because nature is still preserved inE o E C Ju]vP JvA «]A X dZ E (}C
8Z u] o }( 8Z ]13CX d} CU 8Z }PAQSIZ BIUIBZVE 2% ] X 8§ 8Z e« u 3]t
8309 }( (JE 8« v O6A9 }( *pE( -« diversitgof whhn}tfedsaricréases the chance of various
119 E& % E}S 8§ X ¢ up Z -« i0Xidispasészattack pna lessens the possibility of adapting to

E ] o} § ]Jv 82 E SpuCE 1Tiii ®JuSu“BvVviRidU:}ZveStv 7 JE}ve Tiide.
Ljubliana European Green Capital, 2008p://www. Central Europe more than 250 different species can be
greenljubljana.com/, http://ec.europa.eu/environment/pe Jv §Z PE v ]SC Jv(E& *SEN SUE
europeangreencapital/winning-cities/2016-ljubljana/ "Xmany cities there is less than 5 species present and
Nevertheless, in the centre itself and in the mos§Z C & % & « vS Al 8§} 619 }( oo pE Vv
urbanised parts of the city there is always a lack ofo X Tiitv ~ t+ § oX 7iiAvV °Zo E § o>
PE Vv *% X Wo VE]JVP v A SE + IE%LEVAIUrSOC( A%Z BB ¢« % | « E %o
SUE( ¢ ] PE § }vSE&] uS]}v S} HZ ]SIGCXE/ve HVE mPS 1TiifeX /v E}ES
we create new islands of greenery in the city and theé&o dominant genus are present in some cities (Raupp
islands play an important role in the green network ofS 0o Tii0X (A UYE *% ] E %ol
§Z ]85C 8Z 8 }vv &« 3Z ]3C AI3ZMISHAEWEYR]* 14 de} & oX 1iifieX o0
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mentioned points to the very high sensitivity of thisepresent a living space for different animals and this
green infrastructure since every new disease or pesgve <p v30C u ve PE 3§ E v]ju o JA «
that occurs on any one of these species can damageites need to be selected according to the ecological
*]PV](] vS % ES }( $Z SE& <X dZ cdndiidBsEand ac¢drdiig toethe economic and social
}Jv SE ¢ ]ev}sv AX /v 3Z o 5 (A vV ({8-3@ E ]8Z+ +]8]1 ve ~a(3 E 1iiiU a
attacked elms (Ulmus>XeU §Z v §Z Z}@E&- The elpice Hf onlk. naturally grown species implies that
hippocastanum >Xe v %0 v §@E&> X+ XPlatatiieds species are less adapted to climate changes (Knox
Joov ee eU EZ ¢ % ]+ cpEA]JA A BCoXdoXXAZ]E (}E U Jv >ip oi v v
are coming that attack common ash (Fraxinus excelsibo}A v] A <SE]A 8} « 0o § E}uPZsrs
>Xe ~< "0 E TiileX K( }uEes U vC folerdat sphciesvd plakting im the cities, which are still
0A Ce %}3v3] 038 EP S (JE v A Jv JPeX}pue Jv "0}A v] X dZ ¢« E *% ]
For this reason, the diversity of species in urbar”u rD ]88 EE v v % ES }( "0o}A v] U
%0 VS §]}ve ] AV U}JE Ju%}ESXSE CEvV § EES200 us 3Ju Z]PZoC %0 S
diversity means the creation of different habitats, which
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Figure 1: Planting hole

Figure 2: New planted main street in Ljubljana Figure 3: Last renovation of streets in Ljubljana in 2018
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SCIENCE CAFES AND FOOD SECURITY
D dX DXUX >>UW IOX= X

1 Real Jardin Botanico, CSIC, Plaza de Murillo 2, 28014 Madrid, Spain
2 Real Jardin Botanico Juan Carlos |, UAH, Calle 36 s/n, Alcala de Henares, 28805 Madrid, Spain
Z uSS>Ei X o] X o

ABSTRACT
The trust and expectations that citizens have placed in science compromise scientists to communicate their results
Ju% E Z ve] o v (( 8]A AC S} & Z 8Z %pn 0] X" v Juupv] 8]}v .
juupv] 8]}v SCE v e Jv E VvS C Ee+X dZpeU ]88 Z ¢ «Z](S (CE}u v tAC I
] o}Pp u} oU AZ] Z % E}u}d » % ES] ]% 3]}vU VvP P uvd v Ju% 38X /v
one of the most popular tools worldwide, being one of the main ones used in the European Big Picnic (Horizo
TiTie % E&}i S }v vP P]JvP §Z % pu o] }v (}} « HE]SCX /v §Z] «Su CU (}pE
and covering different aspects of food security (alternative supply chains, consumer decisions, food sovereignty ar
epueS Jv o (}} ¢ & %E& ¢ vS8 X KUE & *posSe Jv] § SZ SW ~ije ¢ ] v (e
science and to gather peoples’ views on food security considering the high level of participation in the debates (fror
A9 P% S} 1119V ~Te SZ § §Z E - PE}A]JVP }v EvV }v (}} Jeep * Jv }JuE
information about food processes and how to access higher quality food, as well as having more power to influenc
present market trends by enhancing local and organic production, and (3) that the peoples’ interests and worrie:
E }E Eluv (}} & & (o § }v 8§Z hv]s E S]}v[e "ueS Jv o A 0} %o
JvP 8Z u}e3 E o A v3 8} 8Z %op o] X /v }v ope]}vU « ] v (« E v (
luupv] SJ}vU pus o} (}J& € « €& ZX

KEYWORDS

ANl Juupv] 8]}vU KpuS3E ZU }r E 3§]}vU Wp o] § U "ues Jv o A
INTRODUCTION

Science communicators face many challenges evdige informal atmosphere encourages participation,
day, from making science comprehensible to anyoneE S]JvP Cv u] U SA}rA C Jvs E 3]
§} vP P]JvP JA E+s puJ]v ¢ }E pe]yPvIlBH BXSZv %p o] X /v §Z]+ A CU §

effort to make science communication and outreacthe most of this learning experience, and the scientist
more effective, science communication has emerged aspeakers can give a valuable and practical perspective
]* 1%o0]v AZ] Z Z « A}oA (E}u IYUAZT|IEE Mew]AdEUX &UESZ Eu}E U 8,

of knowledge model to more participatory and Cv u] - Y, A EC (o £A] o u l]JvP -
experiential engagement model, which makes a higherotivating communication tool for organizers of the
impact on individuals’ decisions and behaviours thanA v&X ~ ] v (¢« & }v }( 8Z u]v g

} o8Z SE ve( & }(u & ( S+ ~s & theBid Richit pXojecE (HENA0NE020) both to engage the
new and direct person to person communication tool%op 0] v 3} }oo § & o A vd § v (}]
have emerged over the past few decades; with scienEeod security, that is, ensuring the availability of and

(+ Z AJvP Ju }v A EC %o} % | oacEess }q sufficied safé and nutritious food, has become

~ (M) vS8](]<p U Tiid6eX | C % E]}E]SC SZ 8§ Ju%k S+ o00 ]5]
N v (+ E A v3e $3Z 3 pep oo0C Horizoma®20 gregramphas identified it as a major
settings such as pubs and coffeehouses, they are oped oo vP §} E e X dZ P W] v]

to everyone, and imply a face to face conversation]|P %] v] Xv Se¢ }u% E]e » iA }uvSE]
A18Z ] vE]e&e }us % ES] po E FPWMPXPAZB L Ao@ Jf }v (}} + PE]ISCX
people who may or may not be familiar with scientificreation approach and public debate, it aims to enable

] pee]}veU v & vVv}S op u S]vP thé pblie td undérstany and articulate their views to
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MATERIAL AND METHODS
Co-creation of science cafés
1(C E vs (}JEuU S+ }( =]V (« AGE
A 0} %o He]vP )r @ 3]}V %% E}
% ESv Ee+ e r @ 3]}v &} A 0}9
and events in collaboration with their communities
and stakeholders, combining expertise to produce
E o Avs v vVvP P]JvP §]A]13] * }v (}}
participatory process aims to create a shared ownership
of the project, raising awareness and sensitivity beyond
SZ * }% }( SZ % E}i §X
§ 8§z Plvv]vP }( SZ % @&}i § r E
held with an advisory group of experts on a wide range of
subjects around food security (agriculture, environment,
%}0] ] *U Jv ueSECU § XeX &E}u §Z]-
contribute to Responsible Research and Innovation (R} topics emerged and provided the starting point for
in the field of food security, with plants being the perfec§Z  ep » <p v3 u 8§ E] oeU A vie v ]
guideline and botanic gardens a great meeting point foh & *]Pv X Z «]v ( A 3Z v
§Z]e %o W E %o} X with different people (experts and general public) and
The present study analyses the results of four scientmk place in a diversity of scenarios, from the botanic
(«+ EE] }us ]Jv D E] SA v PilB we §)Jid6 }Juupv]S3C VvSE v Hv]A
by the Spanish partners of the Big Picnic project, thatZ S ]oe }(8Z < ]v (+« E Al A v
is, the Royal Botanic Gardens of Madrid and Alcala dgguu E]JI Jv d o iX
, VE X dZ % ](] Juse }( 8Z]e *3p C A E W ~ie« &}
gather information on peoples’ interests and worries Data Analysis
around food security, and (2) to link these results to thRearticipants’ questions and comments were recorded,
United Nations’ Sustainable Development Goals (SD&)egorized, linked to the United Nations’ Sustainable
in order to contribute to the Responsible Research argevelopment Goals (SDGs) and descriptively analysed
IVVIA 3]}v ~ZZ/« } i S]A }( 8Z 1P We]wP "AME}IAXK X
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Title Alternative food A decision in every Food sovereignty  Sustainable food on the
supply chains, are spoonful: consumer university campus
they possible? choices

Venue Royal Botanic Garden of Arganzuela Community Royal Botanic Garden University of Alcala Canteen
D &] Centre }( D E]

Participants 6 speakers 4 speakers 1 speaker 4 speakers

36 participants 27 participants 25 participants

19 participants

Theme New ways of accessing Consumers’ The ecological and Reflecting on how and why
food, through short- options in their social footprint of we make the food choices
chain distribution decisions, taking a given sample of we make and decide how
models (from producers into consideration: everyday products to better food offer in the
to consumer). (1) production in order to raise university campus.

methods (organic vs.  awareness of their
conventional); (2) impact worldwide and
guarantees in organic  the possible solutions
certifications; (3) to reduce it.
participatory guarantee
systems, and (4)
consumer power on
market trends.
Speakers A scientist on A scientist on An expert on food University lecturer, expert in
description agrpecology and rural agrpecology and rural  sovereignty Z 0S8Z v SJvP Z ]8+X
A 0}%u vsSX A 0}%u vS§X A university lecturer, expert
A representative from: e ] v8]eS ]Jv PE}v}IuCX v (}} o o0o0]vPX
A food facilitator A specialist in organic A university lecturer, expert
}u% vCX certifications v (3} v Z o08zZX
}vepu E P E} uaXcological produce An association for
A production and selling epuesS Jv o (}} % E} p 3]
*}] o }}% E 3]A X A representative of a Project
v PE] HOSUE 0 % EIX on sustainable university
An association that U%pe « Jv D E] X
groups together different (]JE& SE&E JEP v]Ii §]}v
JE& SrsS}r }vepu & (}} *H% % 0] EX
Jvi8] 31A X

Dynamics Each speaker The discussion dZ]e ( (}oo}AEach speaker made a short
made a short started with the the format of a presentation of their topic
presentation of their presentation of a series workshop in which and participants were asked

§Z u X W }% o0 S striking news about participants were to write questions and
wrote questions and food markets, which wasdistributed in small comments on a board to
comments for each M e v ] E droipx and had to contribute to the debate
speaker on provided Speakers were initially discuss and analyze  (}oo}A]vP X
% %o EeX e peeddonyndolSly seated the ecological impact
each speaker took place among the public in of some everyday
in turns of 15 minutes in a big circle, and were ~ % E} H $¢X Z epose A E
‘U 00 PE}u%o*X % E * V3§ (3§ E heEpreXented to

People were asked the rest of the group

to write questions and all comments

at the beginning of and questions were

37 ( Azl1z A® }E X

then launched to the

speakers, with new

guestions that arose

HE]VP §Z § X
Bdblel: ¢ E]%S]}v Vv Z E 8§ E]8] *» }( 8Z 1P W] v] ] vV («]JvD &] >



RESULTS
W ES] % vSe § §Z (JuE ] vV electiods and powdd sh@\ked that participants concerns

contributed to the debate with 202 questions andocus on market trends, together with the possibility
Juu v8eX dZ % ES] [% 3]}v & $}(AZBP]VPEAZ u ~i69.U (}oo}A C &z
A6 t i119 % v JvP }v §Z ( U A]#iores About (alk aspects of organic production and

05 EVv $]A (}} *H%%O0C Z Jve ~iii]E %P IF Mo 3|}¢PEV }vepu Ee ~719e ~§&
(}} <*}A €& ]PVSC ~809 % ES3] ]% Sthjsvsense,vsBme particigarits pointed out that all the
el ee(poX JVEE}IA E+C }v }VA v3]lv o AeX }EP

W ES] % vSe ]Jv SZ (]E*S ¢ ] v & o SIS 0QUIEVEMA]V «§Z C ] n§Z
supply chains were mainly interested in the functioning JvP }@EP v] 00C pvs]j]o A EC E vic
}( 8Z + u} o ~1fi9« v Z}A 3Z C }poelaforsto] susthmAble food in the university campus
~i19e ~&]PX iX N jeX 88 v JvP §} 3Zpaxtipgipant&padjiritedout thh} the reasons for our decisions
posed, the distribution models that received higheand their reflection on university menus are mainly due
attention were the food facilitator company and theto personal habits, consumers’ lack of information and
PE] HOSUE 0 }r}% ~119 }( o0 <pud@vePAlEo YWEIZS]EE v » ~&]PX iX~ i
organizational issues); but when it came to enrolling ihnu}@E&E A E v e+ }v 8Z <} ] 0 Ju% 3 }(
these initiatives it was the food facilitator company andnd not only of the feeding function is needed” illustrate
the consumer group that seemed more attractive tc§Z ¢ E *p0SX
8Z % ES] ]% v3e ~69 }( 00 <y *3]RMv AOCEU }¥Z vE}oo]JAPE |PVSC « ] v
v 8Z ¢ % E}i SeeX D}E }A EU Z or{ bd@mirgt maré}eonscious of what we eat, how it
comments fell in the categories of market trendsis produced and reducing excess packaging as a must
economic and social impacts of these type of supply0669¢ ~&]JPX iX » d¢X ~t ¢Z}upuo P}
Z Jve ~&]PX iX ~ jeU A]JSEZ <u *3]}ve WJE "0E GSZCE VV}IPBRZepu pHOol % E} M
0} 0 % E} p E+ 8} 33 v §Z P E}AditRe opiniondMauncefl-dywiaicipants to tackle these

Z sposSe }( 8Z ¢ v ] v ( }problemspas @ee«lfecome more and more aware of the
9 9
SC3 SC4
9 9

Figure 1. W & v§ P }( § PYE]I % ES] 1% vSe[ <u *S]}ve v luu vse (}E
05 Ev 3]A (}} *H%%0C Z JveV ~ iIW }vepu E Jel1}veV A~ iW (}} <}A &E ]F
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*}J o v VA]JE}vu vd o (( 8 }( }uE ]Je]}veX
KA GE ooU Po} o & «pode }( o0 (JUE ] v (o *uPP <3
that citizens demand: (1) better information about
food processes and how to access higher quality food,
v ~1e¢ Z AJvP ul}E %}A & &} Jv(op v u EI § SE 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 Productigmal (SDG 12) mainly, but
also with theQuality EducatioSDG 4) and tHadustry,
Innovation and Infrastructure goals * ' & X

DISCUSSION

Science cafés as a communication tool Figure 2: Percentage of partipants’ questions and comments
dZ @& +posde (E}u JUE (JUE s ] Vv ]( E-TBA}v B EZ5Zp=5 ]Jv 0 A 0}%u v$§
communication tool can be very effective to inform,
engage and gather peoples’ views, taking into accoumlt make things worse and have brought consumers to
§Z Z]PZ o A o }( % ES3] 1% $]}v deinakd greaidbotranspaiary Xand information on food
Science and technology are still valued positivelyE]P]Jv ~& o u vvU TiifieX dZueU u vC
in Europe and citizens expect a lot from scientifi§ yGEv $}A & « u}E& o} o (}} ~,}oo}A
%o EI}PE ¢ ~ 0 ¢ velU Ti16X dZ EIi}EE WSA hndiHudpesthis has led some supermarket
el v Z o tu UMeS S8} u S §Z ]Ehaids % startssgjling>organic and local foods to meet
Furthermore, communication has changed from beingpnsumer demands, and an increasing number of
something optional to being planned and accountedo$ Ev 3]A (}} v $A}EI- Z A u EP
(}& (E}lu sz Plvv]vP }( % E}i SXidvXSAHR » veo EWG]A u} o Jv op
research funding organizations, including the Europeahains, alternative food networks, local farming systems
Commission, now demand communication plansaspaftE ]JE S » 0 ¢ ~<v (¢ C § oXU 7TiiT »
YO (v JVP %0 %00] S]}ve ~Z]]e U Tii6eonighuent @thihe}e trends, SBdwing that consumers are
and taking into account the new options that have arisezager to get access to more naturally produced food, but

with the Internet, new formats for science communicatior}u SJu « o | §Z <u 8§ Jv(}EU S]}vX &
Z A zZ 3§} A o}% U A]l3z ( mady SpanistAcitiZzens are still not aware of these new
o]l <] v (+ Z AJvP Ju A (E Calt#sriciivesoardd Xer oftéd their willingness to pay for

institutions all over the world have implemented science EP v] v o} o (}} ]* o}A ~~}o E §
(¢ *yx eoe(pooC Jv S$Z ]JE }uupv] EJ}vivZ @& (YE-*S « ] v ( }v 08 E\

*Ju SJu s + % ES }( 0o EP E A vseohains aimed at infreducig citizens to new alternatives

public take part in the interpretation of the messagéo access local and organic products that would better fit

E J* « 3Z ]E JvE E +8 ~> ZE & oXWZAIi&*R C }(o](VAZ E « }uE ( }v

pretended to reconnect producers and consumers,

Food Security: views from the public by promoting proximity and reliability on agricultural

Z spoSe (E}uU <] v (¢ % @E}A] %o EuS]APS2Zv (3} % E} p 3]}vX

understanding of how a small sample of Spanish citize&s} } Z}] - & V U%}A E]JvP 3}}o (}

Al A J(( E v *% 35 }( 3Z (}} <Howewds Be nmbre dewePpid and urbanized a country

Citizens demand better information about what theys it becomes more disconnected to producers, less

§ v & o] o A C- 3§} e o (v awguss GEth&Jilnpact d} oXr food choices and seem less

More and more consumers question food productioqvs E 3§ ]Jv u I]JvP Z vP ~KA( uU Tii

practices in the food supply chain, since distances frobbo &S] % v3e Jv JUE * ] Vv (« A E

the production origin have grown larger and becomabout global market trends and the possibility of

]Jv € ¢]JvPoC <u ¢3]}v o0 <}u S]u e« -ehandin@them] althp8ghlsome had the tragic perception

TiiieX /v 131}vU  vupu G }( (}} - that oitizéhsAonly} react when a scandal arises in the
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v AeX 3 13 ]+ v}3 }voC 1E%}E SPhMA ESBUAUERE UYSs %o E}e% E]SC v/
8Z 3 Z A %}A & }A E 8Z <C+3 uX PmEPYE BeBZA %D ¥ZS]EhvV]S E §]}veU T
everyday actions of buying, cooking and eating food aaém to promote action from all sectors across the world
UJE %}A E(po 8Z v A u]lPzZ3 3Z]yowemmentd, lisesses @undations, academics, civil
we say we want this rather than that, we become a} ] SC PE}Uu%*U VSE % E& v pEU §
(JE& 8zZ2 8 v SE]IPP & §Z +<C-+3 u prpposed gpplEand targets Ban be seen as a network, in
Consumers play an important role in food security, which links among goals exist through targets that refer
driving demand for high quality, low cost food (Kneafse§¥} upos]% o P} o ~'E]JPPe § oXU Tiii
§ oXU 1iii «X &uUESZ Eu}E& U ]v ByZreatingSmeasurable gbals, we can keep track of
Internet has increased consumer power in comparisamhere we are doing well and where we need to do
with that of previous times over traditional markets, $8 EX &}E& §Z]* E <}vU u vC %o } %00
because (a) it overcomes many information asymmetrigaportance of improving data collection and use around

that characterize traditional consumer markets andthu§Z A}@Eo X dZ S oo § (E}u sz
provides higher levels of market transparency, (b) allows ] v (+*Z}A 3Z 3 8Z ]E Jvd E 3
individuals to associate against companies, and (c)totad® (o § ]Jv §Z2 "ues ]Jv o A 0}%u Vi

on a more active role in the value chain by influencirgpecifically, peoples’ views on food security fall in the
products and prices based on individual preferencé®&sponsible Consumption and Produagioal (SDG 12)

~Z 1 1Z+Z & oXU Tiioe mainly, but also with the Quality Educati@DG 4) and
the Industry, Innovation and InfrastructurB} oe ~”~ ' &
Sustainable Development Goals ~&]PX T7¢X 885 U%S3* 5§ %}o0] C Jvs PE

In 2015, world leaders gathered at the UN to adoftave to be based on further studies of the biophysical,
17 Sustainable Development Goals to set the way $ocial and economic systems at appropriate scales (Le

achieve several crucial world objectives by 2030: endd v U TiifieX
CONCLUSION
Iv }v ope]}vU « ] v (* Z A % & Jahd wbdrries arourid food are reflected on the United

tool both to communicate science and to gather peopleBlation’s Sustainable Development Goals, with goals 12
Al A }v (}} + HE]SCX dZ E ]+ (REpFbibR Chrsur@ption and Produktidn(Quality
food issues in our society, with citizens demandirtgducatiorr v 8 ~Industry, Innovation and Infrasfructure
better information about food processes and how tdeing the most relevant to the public, in order of
access higher quality food, as well as having more pown %} ES v X /v }v ope]}vU ] v (
to influence present market trends by enhancing locaffective tool not only for outreach and communication,

Vv }EP V] % E} p S]}vX dZ E (}E& WUS%0}r%e 0} E EvE EE 2 X
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THEME C
BIODIVERSITY CONSERVATION ACTIVITIES



DEVELOPING AND IMPLEMENTING AN EFFECTIVE PLANT CONSERVATION PROGR/
FOR INDIVIDUAL BOTANIC GARDENS

W d 2z "Xtz : <~KE

D]s*}uE] }3v] o' E vU WK }&E 760 "8 >}u]*U D]se}uE] 0iiooU h~
% 3 EXACe i le}vru} }SX}EP

ABSTRACT

dZ 'o} o "3E 8§ PC (}E Wo v3 }ve EA 3]}v ~'*W « }( 8Z hXEX }VvVA v&]}v
(E u AYEI 8§} Pu] 8Z %0 v3 }ve EA S]}v % E]}E]S] » v S1tve }( z

E 5§ 3} % E}A] v Jvd Ev 8]}v o }A Er E Z]JVP %0 v (}E %0 vs }ve E
it has become an important reference point for the individual actions of numerous institutions, including botanic
P& veX "}lu *% ]J(] 8§ EP S« }(8Z '"W u C UIE Ju%}®&S vs (JE T(( C
important that each botanic garden should consider their own institutional priorities and responses to local, nationa
v Jvd Ev 3]}v 0 %0 v3 }ve EA 3]}vv X dZ]e AJoo Z 0% $Z u 3} 3§ Eu]
and help to ensure that the work of the botanic garden is coordinated effectively, rather than relying on any ad hoc
%% E} Z AZ & J(( & v8 8 (( v % ESuUu v38e E & *%}v JVP }E S]vP
E *%}ve 3} %0 v3 }ve EA 3]}vv e ]Jvid} §3Z }5v] P E Vv[* *SE 5 P] %0
dZ]s % % & @& Ae }v /&£ u%o0 * }( $Z %o vs }ve EA 3]}v A}YEI }( 8Z D]
illustrate the approaches to plant conservation challenges being applied throughout the institution, through
]1(( € v8 % E&Su vSeU *% ] o0oC Jv Z}ES] poSpuE U E « & ZU H S]tv

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 ¢
%00 VV %o%o E} Z S} ¢ PE SZ Uu}eS SZE SV %E]}E]SC %0 vSe Jv }ve
methodologies in conservation biology research can also help to guide the achievement of valuable conservatic
results, helping to understand why particular species are threatened and what factors need to be overcome if specie
& 3} Jve EA (( 3]A 0CX "}u }% % }ES3SUV]S] ¢« v «3E 8§ P] » (}JE E ]
Jve EA 8]}V %o E}PE uu « Jv]v JAl po }8v] PE ve E o0°} }ve] E X

KEYWORDS
Plant Conservation, Botanic Gardens, Strategic Planning

INTRODUCTION
Over the last few decades, botanic gardens worldwidgé} %.0 v3 }ve EA 3]}vX dzZ '"W Z -
have increased their involvement in plant conservatiamportant framework for the specific plant conservation
very considerably so that today there are few regions $]A]3] « }( Z]lv]Alpo }8v] P E
anywhere in the world where botanic gardens are ndioday the botanic garden provides a remarkable and
yet contributing effectively to implementing plantunrivaled global community and worldwide network of
conservation actions (Wyse Jackson and Sutherlaqdi*3]3SusS]}ve cU%o % }ES]VP %0 vS }ve
Tiiov tCe : Ie}v v ~usSzZ Eo v U fullyireedgnized Zhdf there is a huge task to undertake
have been encouraged and supported in this by thEthe world’s plant species and their diversity are to
development of major new international, national ande safeguarded, and that botanic gardens cannot
other initiatives, including the Global Strategy for Plaatchieve success all on their own, nevertheless we
Jve EA 3]}v ~'AW « }( §Z hXEX }vAnust bpvoptimisticoth& Jtheocommitment, experience,
Diversity (CBD), national biodiversity strategies and acti@sources and expertise of botanic gardens for plant
plans (that are in place for most Parties to the CBD), @mservation can help to ensure that many, if not most,
well as through a wide variety of regional and local plajt( $Z A}@Eo [« § ve }( §Z}pue v » }( Z § @
Jve EA 3]}v ((JESeX dZ « 00 % EghAhe conderogd with Botghic cgardens’ support and
context for each individual botanic garden’s commitmenfvA}o A u v3X
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While the work of any botanic garden in plantconservationds 0@ U }v( E v }( 8Z W ES] « ~ KW
will vary greatly, based on current conservation need8 §Z o v « }v ida@lU % E]JoU TiiiX /$§
and priorities, and available resources, most botanig %o $ (}E& S$Z % &)} T1iiitiiti }v 16
gardens incorporate conservation activities, includingiii Jv E P}C U : % vX dzZ '"W ]v }&E %o
ex situconservation of rare plant species or those dtamework of objectives and targets which aim to halt
risk of extinction and plant conservation education andZ o0}ee }( %0 v3 ]JA E+]5C A}Eo A]

A E v ee E ]Je]VvP §]A]18] X K3 ZDbfEctivésane]as fBllolEs: v e
include aspects of in sittonservation as well, such asi XPlant diversity is well understood, documented and
managing nature reserves, other plant habitats and wild recognized; (3 targets)
plant populations, monitoring threatened species, specigisXPlant diversity is urgently and effectively conserved,;

E }A EC §1A18] « v }o}P] o & EH@ets)]}vX  "lu
botanic gardens too have active programs in researdhXPlant diversity is used in a sustainable and equitable
relevant to plant conservation, including conservation manner; (3 targets)
biology, taxonomy, phenology, conservation geneticg Xducation and awareness about plant diversity, its
restoration ecology, invasive species control, and other role in sustainable livelihoods and importance to all

E X /v 8Z]* % % E *}u 0 u vSe (}dife on gartheis (uomdted; (1 farget)
conservation programme in an individual botanic gardefi Xhe capacities and public engagement necessary to
are suggested, illustrated with examples and experiences Ju% 0 u v§ §Z "38E § PC Z A %
(E}u 8Z D]eeluE&E] }Sv] o' E vX targets)

The Global Strategy for Plant Conservation The GSPC incorporated 16 targets, of which botanic
As pointed out already, the Global Strategy for Plagardens have been identified as primary stakeholders
Conservation (GSPC) provides a valuable framework far §Z Z] A uvs }( A9 }( 8Z 8§ EP §
any individual botanic garden to use to guide its responsgardens can and do contribute to progress made in all
8} %0 v3 }ve EA S]}vv X dZ '"WO A EP|E=X }%S
by the Parties to the Convention on Biological Diversity at

Objective Target
d EP § iW v }vo]v (0}E }( oo IVIAv %
Target 2: An assessment of the conservation status

Objective I: of all known plant species, as far as possible, to guide
Plant diversity is well understood, documented andive EA $]}v  §]}vX
recognized Target 3: Information, research and associated outputs,

and methods necessary to implement the Strategy
A 0} %o v «Z E X
Target 4: At least 15 per cent of each ecological region or
vegetation type secured through effective management
v I}E E «S}E& S]}vX
Target 5: At least 75 per cent of the most important areas
for plant diversity of each ecological region protected
Objective I with effective management in place for conserving
Plant diversity is urgently and effectively conserved %00 v3e v 3Z JE P v §] JA E-]5CX
Target 6: At least 75 per cent of production lands in
each sector managed sustainably, consistent with the
Jve EA §]}v }( %0 v3 JA E-]S5CX
Target 7: At least 75 per cent of known threatened plant
species conserved in siXu
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Target 8: At least 75 per cent of threatened plant species

in ex situcollections, preferably in the country of origin,

and at least 20 per cent available for recovery and

E *S}CE 8]}V % E}PE uu X

d EP § 6W 061 % & v }( 82 P v s§
Objective II: E}%+ ]Jv op JvP 8Z ]E AlJo & o 3]A -
Plant diversity is urgently and effectively conserved economically valuable plant species conserved, while

respecting, preserving and maintaining associated

]Jv ]P vipue v o} o lviAo P X

Target 10: Effective management plans in place to prevent

new biological invasions and to manage important areas

(}JE %0 v3 ]A E+]SC 82 8§ E ]VvA X

Target 11: No species of wild flora endangered by

]Jvs Ev §]}v o SE X

d EP § iTW o00 AJo Z EA -3 % 0 V3§

Objective llI: JuCE *uesS Jv oCX
Plant diversity is used in a sustainable and equitalgyet 13: Indigenous and local knowledge innovations
manner and practices associated with plant resources maintained

or increased, as appropriate, to support customary use,
sustainable livelihoods, local food security and health
E X

Object|ye V. . N T?rget 14: The importance of plant diversity and the need
Education and awareness about plant diversity, its rofe” O . .
in sustainable livelihoods and importance to all life 8rr1 fts conservation incorporated into communication,

P L 8]}V v %p o] AGEV e %E}IPE ulL

earth is promoted

Target 15: The number of trained people working with
appropriate facilities sufficient according to national

Objective V: \ U §} Z] A §Z § EP 3. }( SZ]e NS
The capacities and public engagement necessaryrdet 16: Institutions, networks and partnerships for
implement the Strategy have been developed plant conservation established or strengthened at

national, regional and international levels to achieve the
§ EP S« }( §Z]s "SE& § PCX

Tablel: dZ '"W K i &]A e« v §Z (0 & P &+ (}& 3Z % €]} Niirfiiix

The Sustainable Development Agenda
The 2030 Sustainable Development Agenda, ardi Z>]( }v > v [ ]* % ES] uyo EoC & o A v
the Sustainable Development Goals that the Agenda®Z EE&} | v tCe : le}vU 1ii0eX dZ]e
incorporates, was adopted by the United Nations iaddress the sustainable management of forests, combat
2015 also provides a valuable overarching framework desertification, halt and reverse land degradation and halt
enable plant conservation to be included in a broade§Z o0}s+ }( 1} ]JA E<]SCX dZ ~us3 v

A 0}%u v3 0o (E u A}EIX dzZ ~u+3 JAgeonda ardl its} BDGsvare expected to shape government
Goals (SDGs) have become the successors to the Millenréations in the future and it is therefore crucial that botanic

A 0}%u v3 '} o ~D 'eeX dZ C ]v opgardeds Shoold align their efforts in plant conservation with
i00 8 EP 8 v & }PV]l 8Z (v ErE & webd]% A 0§ wvs }v Eve v §Z]e P

human development and environmental, economic, sociav UIlS]e A% S 8SZ S5 S3SZ %}eSriili Pc
V %}0]3] o }vs ESX tZ]o %0 v }wran@norkiHat i culEFertlybeirky Gdgotiated through the
the achievement of many of the SDGs, one in particular, SDG A]Joo o0-} 0}* 0C ¢} 18 A]sz 8z »
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Background to the Missouri Botanical Garden and  of international partners, many of them botanic

its role in plant conservation gardens, towards the achievement of the GSPC
dZ DJ]ee}u®E] }8v] o' E v A « }% v goaofdhéing @ danprehensive Flora of the World
founder, Henry Shaw, an English merchant who settled in online by 2020 to provide a baseline of knowledge
NS >Iu]eU DJee}u&E&] Jv i6i6 v & § ofthe wodd's plan(sSth@E can be used to guide plant
Z]e & S]JE uvsS §8Z P }(06iX dz '-cahsewdtioneffor}d abd an understanding of global
oldest botanic gardens in the United States and, since %0 v3 ]JA E+]SCX dZ t}Eo0o &o}E |}
its creation, it has developed and maintained important ]+ A Jo o 3§ AAAXA}&Eo (0}E }vo]v

}Joo 3§]}ve ~o0]A]JvP }oo 3]}veU Z «ESt@pthening theodorEerdatipmdase of living plant
Currently the living collections include over 17,000 }oo §]}ve t PE}A]JvP v ]Jv G «]vF
taxa and the herbarium has incorporated in excess of and diverse ex situ }ve A §]}v }oo &]}v t
OXA uloo]}v % E « EA *% Ju veX KEZoEEU }@&o TBGvesSZ ' E& v uv P e
include a seed bank with over 2,000 accessions, a of 1,350 species that are at risk of extinction in
DNA bank with 26,000 accessions and a biocultural §Z A]Jo X dZ ' & Vv Z % E A]}pec

Joo 3]}v A]8Z %% E}A]Ju § oC iU 6 ioi adieves70pvthmgatenéd plants in the Garden’s
The Garden is visited by over one million people each living collections by 2020 but had already gone way
year, and has the following missial: discover and Clv 8§Z 8§ (JPuE C 7ii6X dz]e 8]
share knowledge about plants and their environment in  to make major contributions to the achievement of
order to preserve and enrich lifeX dzZ ' G v Z GSPCtarget8onexsithjve EA 5]}vX
extensive programmes in botanical research, notably The establishment of a new Conservation Genetics
in tropical botany, for many decades and has been and Laboratory and program (Edwards and Wyse
continues to be a leading institution especially involved : le¢}vU 1ii6eX hv &S v JVvVP §Z P v
]Jv %0 v3 «Ce5 u 8] « v § A}vIuCX Z ofvibredie®ed pkamt Zpécies and their surviving
included major contributions to the Flora of China, Flora populations is often a key to conserving many species
Mesoamericana, the Flora of North America, the Floraof (( $]A 0oC Vv }Ju% @& Z ve]A oCX
Costa Rica, and many more projects particularly in Afriea, E S]}v }( v A~ vl t §Z % E]u
D P« G v >38]v u&] X the Seed Bank is on conserving the diversity of plant
The conservation programmes of the Garden species in the State of Missouri and surrounding
have expanded in recent years, especially with the @& P]}ve }( §Z hX~AX D] A «§X  H
establishment and growth of a dedicated Center for accessions from other regions of the world in which
Conservation and Sustainable Development (CCSD)the Garden has active collaborative research and
within the Garden that includes research focus on }ve EA 3]}v % E}PE uu » E o0°<} ]Jv
species and population biology of threatened and rase  p]Jo JvP Z*3 8§ }( S8z ES[ }S5 v]
%0 VS *% ] ¢ ]Jv §Z hX~AX v ]Jvs EvB]|JMEooCW D}e}PJuwd "CeS u t dzZ]-
E *3}E 3]}vU }ve EA S]}v P v 8] ¢« Vv }uud EZ vP XZ>]A]JvP }oo &]}ve
Conservation has continued to be an important theme System’ (LCMS), has continued to expand since it was
at the Missouri Botanical Garden and in recent years a created in the years since 2011, includes a database
significant expansion has been put in place to mainstream that has the capacity to prepare comprehensive
%0 v }ve EA 3]}v Jv8} oo }( §zZ 's@Emafes andl]ahifdesXf the living collections at
The Garden’s Strategic Plan adopted in 2015 includes any time, as required to track data on all accessions
plant conservation and its first Strategic Objective, ]v $Z o0]A]JvP }oo §]}veX dzZ > D~
closely aligning itself with the GSPC and supporting a and users can locate any individual accessions in the
growing focus on practical conservation measures being collection on its website and so use it to explore the
Ju%oo u vd Jv §Z &E P]}vU Jv §Z hX~*"Xjoo A}EoSAJu-XoA <X
Priority tasks at the Missouri Botanic Garden in Increasing a focus on species recovery and ecological

conservation include: E *S}E S]}vt (}JE A u%o U SZ ' E
« A uE]vVvP §Z Iv}Ao P ot cU% WBYEIS (JEE 158061, Z"Z A E SuE Z +

A 0}%u vs }( 8z Zt}Eo & 0} E 30 miles J(#8 [km} West of the main botanic garden
Ju%o u vs d EP § i }( §Z '"W X dFo ¢ XE d/Z %o U E %o} ¢ }( SZ]e Z -«
provides leadership and is active with a wide range U %o %} ES v SUE r o VA]J]E}vu v§ o
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promote native plant horticulture and 3) provide a and securing permissions required, including for
0]A]JvP }us }}E o }E S}EC }v } o Jilajortpexiiore &f jplEntSatedal and collecting, prior
The Reserve includes a diverse landscape of native, informed consents and material transfer/acquisition
restored and created tallgrass prairies, woodlands, PE u vsSeX
Po ¢ ~E}IC PE e*0 Vv ee v A 30 v X v §]A
plant display garden, the Whitmire Wildflower Growing a living collection to meet conservation
"E& vU Jv opu ¢ XOil *% ] ¢ Vv priostids % E}lu}ls
the use of native plants in home gardens, restoratiodlost well established botanic gardens include legacy
% E&}i S v }EV u vs o Z}ES] uchlledons of living plants assembled in an often ad hoc
uvv  (E}u JA Ee <}uE X ~}u 3]u
Elements of a successful institutional commitmentbeen derived from, for example i) commercial sources;
to plant conservation ii) received through exchanges with other botanic
The achievement of an effective institutionabardens; iii) accumulated as a result of research projects
commitment to plant conservation requires very carefur special interests of the staff or others associated
%0 VV]VPU & *}upE& JvP v Ju% o u wihihé @érden} iv) cp(ledt&d to meet some particular
key elements for developing an institutional responseducational purpose, or through a wide variety of other
to current and future plant conservation challengesy veX tZ]Jo SZ - Z} }oo S8]}ve
commitments and responsibilities may be developegsulted in remarkable and valuable assemblages of
Hv E $Z (}oo}AJvP § P}E] X plants, nevertheless this approach is rarely effective
iX"8E 8§ PC t A 0}%]vP §Z  }uu]duensiiridy] that) all @ plants are included that are
framework of a strategic plan for the institution/needed for a comprehensive collection for conservation
organization and determining the strategic%opuE& %o} *X Wo vv]vP Vv Ju% o u vS]vl
} i 8]A X collections policy for many botanic garden is, somewhat
TIXWo VV]JVP t vVvepE]vP 37 § 57 |vegBUIF)v|vPSCEUS RE 5Z E E Vvs A o
objectives are elaborated within a carefullffor several decades most botanic gardens have realized
determined planning framework that highlightshe importance of maintaining a good record system
resource needs (including funding required antb record the names, provenance (including wild origin
available), staff responsibilities, timelines, metricd Z & Iv}Ave v o0} §]}ve Jv §Z ' E v
v § &P S v & %}E&S]JVP ( leX v }( AZ 8]« P vulv Z3}5v] P E
IXWE]}E]S] » t « S5]vP % E]}E]Sit inJorm andl #irjatibn frorEg park or amenity display
institutional support for these priorites andP E v AZ & pzZ E }JE - E E E
00} 3]vP E *}uE =+ 8} 3Z 3}% MWIEIGE|3[EXo]l 3Z § &£ u%o EC E }CE
OXZ «}uE& JvP t veuE&]JvP 8§Z § (puvradding of hodeskions ivan essential part of managing a
capacity are in place to achieve the strategio]AJvP }oo 3]}v (JE *% ] * }ve EA §]

} i 8]A X Since 2011 the Missouri Botanical Garden has
fiXxorv &35 v JvP t plo JvP IviAo R o}% 5}5e Ju%ps Er - >]A]JvP

support the plant conservation needs, includinflanagement System (LCMS) as a tool for such tracking

information management tools and research onv u v P u v3 }( $8Z ' & v[s o]A]vP

& o 8 }ve EA §]}v ]}o}PCX dZ]e peS}u plod ¢CeS u ]Je u Jvs Jv .
OXu% o uvs §]}jvt EEC]VP }us §Z "¥%»0 v JVUEASPE § A]sz 8z ' &
projects identified and planned in an efficient andlatabase (which provides the essential taxonomic

§Ju oC u vv EX l}Jv (JE 00 E }E ¢« ~AAAXSE}%o]
6X}oo }E S]}vit 8 o0]<Z]vP S$Z } aata ind@pdjirv BEERI's (Environmental Systems Research
for the successful delivery of institutional projecténstitute) ArcGIS software to manage all geographic
within the institution, between research, horticulturedata (both in the Garden and to map the origins of the

v H 3]}V 0o % ES3u v3eX /3 Jou GAEJ 0l U% BES Ao }E (E}u }3Z E -}

to create or strengthen partnerships with other> D~ ]J¢ A r o U § v E SE] A U
S Evo }] U epZ e« o0ovruwP|WP R]§Z WA E] SC }( ]Jvs EvV 3r }v\
funding sources, community groups, the mediaspt Z ¢ eu ES% Z}v U § 0 S v *15}%

§ X 0} ¢ v8] 0 J* % usSS]vP ]ullddsousers, wiClutng@ha hosticultural staff managing
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the collection, to have immediate and easy access The Garden aims to use extensive research and data to

§ X dZ > DM «Ce3 u 0} ]V }E%}EE]A 0% @DJERS(}E B} E A u%o U 3§}
accessions, including embossed labels that include tbenservation, data derived from IUCN and national Red
accession number, the plant name and the collectorigsts are used extensively, including valuable conservation
vV u Vv Vvau EX I v8](] 8]}ve VeSAUE](B 3(®}u ' /[+ dZE 3~ E Z ~Z§
of all plants in the collection are undertaken by thg EPISZE 8§ze & ZX%Z%*X d} o ES §
horticultural and scientific staff of the Garden andhvasiveness, a wide range of invasive species lists have
herbarium voucher specimens are made to provide leen reviewed and incorporated into the LCMS system,
o}vPrs Gu & }E& }( §Z ] vS8]SC }tb énidurekdthat wivasives s@egies Xr their near relatives
The names of those people verifying each specimen i€SE  v}3$ PE}AvX &0}E U }SZ E (o}
E }E X /v E%E § 3]A o o« ifwentovie fram mafly@arts of he world form valuable
plants, the simplest of which include the scientific ansburces for the development of targeted list of potential
vernacular names, the native distribution of the speciebo0 vSe 8} Jv op Jv v A }ve EA 3]}V %o
§ £}v. v 8Z (u]oC 8} Az] z 1% orhe Roll¥wing Are some ob the data sets and methods

E u ]Jv 82 " & v (E}u hs «§ othat hreEchnsyité@s(or utilized by the Missouri Botanical
Ju% S E&Co] ~ir%oC u 8§35 (]v]eZ\Gdrdied ihvidehtiyany priorities & adding new plants to

VPE A A]8Z o+ E VvPE A EX dize living colectiEns fr vortEeration purposes:

(Elu 8§ JE& 350C A %}ES (E}u SZFbrad™ «C+S uX ks ZedBElation

more extensive interpretative labels are also widely used Inventories » Plant trials

in the Garden that illustrate specific information with Weather/climate data ¢ Cultivar registrations

several paragraphs of text about particular plants or Distribution data » Plant hardiness

'"E® v ( SuE ¢+ v SZ C P v E o00C {vEthmobotani¢al dataX ¢ Pests and diseases

A key part of the Missouri Botanical Garden’s collections Cultural data » Phenological data

policy is to have rigorous prioritization of all new species Gardening data » Atlases
<u]*]81}tveU 8} u S <% ](] %o E ]} ENEMicEpeciéstiigs u P Herbaria

amongst these are to focus on plants of conservation Libraries e Journals

concern, especially those that are threatened, rare Checklists e Surveys

or endangered, where the institution can assist with Catalogues GAP Analysis
Jve EA 8]}v ((JES*X Wo vse }( }ve EA §]}v }v Ev
that are widely cultivated or included in many other ' /[« Wo v§r & Z ~Z88% *WIllS}}oe.
}oo 8]lve & 3Z E (JE Vv}SE E P B EZX%EREW EFA] - A op o e}y

Some priorities for new species acquisitions at thdetermining whether a species or taxon is one that

Garden are: should be considered for inclusion in the Garden’s ex

 Specific targeted collections where the Garden hasséu }ve EA 3]}v % E}PE uu X dZ]e §
particular interest or expertise; extensive information on the whereabouts of each

e Materials that comes from wild sources, whergarticular taxon in otherex situ collections (living
detailed collection data are available; }oo S]}ve v e VieeX /v P v E oU A

» Threatened and endangered species, particular thospecies only that are currently known in less than five
that have not been included in other conservatiomther ex situ }oo S]}veX t Z}% SZ § §Z]-
collections; in enhancing conservation for species and other taxa

* Where the material meets geographic and taxonomtbat have been neglected or overlooked to date and
Jvd B ¢3eU eu Z <0} 00C v §Z hXoO¥%ujlrjod Pv %{&}ut o+} o] A 3Z §
countries where the Garden has close partnershipshould extend beyond reviews of one’s own institution,
active research programmes and strong links; to take account of the efforts and collections of other

« Material that is of value for the Garden’s decorativbotanic gardens, to avoid duplication and to promote
and horticultural displays; close collaboration in meeting shared or complementary

 Plant species that are hardy in the St Louis region; } i 3$]A X

« Plants that are not invasive, especially in the currentv}$Z & '/ S}}oU §Z 'o} odE& "~ & Z
JE % E}i § D]es}upE] o]Ju § X P IX}EPIPo} 0zSE z+ & ZX%Z%*U ]

Jv(}Eu $§]}v }v SCE ]*SE] us]veX /8
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§ Jv 8Z ]+8E] pns]}v }( }A E 0iUIiii Pl Censervatipm Bnd Sugainable Development
data we can generate lists of target species automaticalg noted above, the adoption of the 2030 Sustainable
(E}u }Jp&E 8§ =« X Development Agenda, and the Sustainable Development
It should be noted that investing in wild collectedoals provide new opportunities for botanic gardens to
material of high value for conservation purposes requirestablish links between their plant conservation activities
much more time than securing plants from commerciand sustainable development activities, particularly at
*JUE X ,JA A U Alo u § E] o ]JecaPand Bmmarty Jevels |(SEarrock and Wyse Jackson,
greater value for conservation than material that can b&ii 6 ¢ X , ]5 8 0}ee e vV Y% E cpE ¢ }
obtained from commercial sources, and indeed oftedbo} %o o 3]}ve E }(E v E]JA (E}u pve
better than material sourced through the internationabconomic impacts and so conservation of wild plants and
/v A& ™ u]lvpu - /E Z vP « Z u X theirhabiats canZarlly be achieved without seeking to
the relative time involved in bringing new materialintoa @& ¢« §Z ¢ Jv JE § Zpuu v Jv(op v X
"E Vv (Elu SZ ¢« J(( & vS }uE TheP MiEjourX Botanical Garden has maintained an
extensive research and conservation programme in
D P+ E (JE+«AEo0 e ~& SZu vl
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
%0 V3 Z |5 &« Vv %o0 v3 ]JA E+]S5CX dZ
active in assisting local communities to manage 13 sites,
ulpvs]vP 8} AiAUIII E ¢ ~Ti6UBIT Z »
contain an estimated 3,500 plant species (one quarter of
the flora of Madagascar), including 52 plant species that
E pVvIVIAv }pude] }( 8Z o ]88 X /v
Figure 1: Source: Andrew Wyatt, 2018, unpublished conservation importance, these sites are also valuable
opportunities for the conservation of other biodiversity
Collecting material fromthe wild isgenerally verycomple$,}} X &}E A u%o U §}3 o }( 1T o upE
not only in locating and securing plants and propagatioE } & ]v §Z o Jve EA S]}v ]88 X
material but also in obtaining appropriate permissiongartnerships are only successful if local people are
§} o00}A 3Z }oo S8]JvP }( %0 v3e (dBSaly iavec Jru @l aspécts/df the management of
is essential that botanic gardens give due attention t8 Z ¢« ¢]8 ¢ v P Jv epu ¢S v8] o v (]38
building partnerships with the relevant authorities andror example, in the Garden’s Madagascar work, local
other agencies who can give permission for collectingeople are hired to assist in the management of the
especially when this includes the export and import of]S «U Jv ou JvP 8§ o0]¢Z]JvP v u ]Jvs§ ]
us E&]o E}ee v §]}v 0o }tuv E] e« XemovelolihvadtveEpeaies, providing guides for tourists,
should NEVER collect material from other countriegerating nurseries and implementing ecological
without having first received written permissions andE *S}E S]}v % E}i SeX Al A E] 8C
prior informed consent from the correct and appropriateo involve the lives of the local people involved in these
HSZ}E]S] X &UESZ Eu}E U 37  ites ard jinplentenjedsto@Eahd hpye included assistance
material should be undertaken wherever possible witim building schools and health centers, crop irrigation
close partner institutions in the country or region whergrojects, agroforestry training, ecotourism initiatives,
§8Z %0 VS *% ]} MHEX /v §Z]« A dQcKige Aispibutions%Lstaljlishing school fruit and
§} ¢S o0]*Z upos]re]s VvV  upoS3]r%vpdeiahlee gardems, flit} wed) distribution, a basket
notably includingex situcollections in the country of u |JvP ¢} ] §]}v v (]*Z ( EGu]vP ]Jv]3]
JE]JPIvX dZ]e %% E} Z veuE e+ oBlildng dspects ofl suBtai@ables development into plant
(LOOC }u%o0C A]S8Z 3Z % E}A]*]}v corsedation praects sanprovide great benefits, raising
on Biological Diversity and its Nagoya Protocol on Accassreness and involvement of local communities in
to Genetic Resources and the Fair and Equitable Sharing]A E]JvP & o }ve EA 3]}v }us }u X
}( v (18 E]*]vP (E}u 3Z ]E hs]o]l 8]}vX
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Resources for plant conservation through a botanic garden  Plant conservation and climate change

Adequately funding and resourcing a strong botani/e recognize today that the increasing impact and pace
garden plant conservation programme is generally & climate change is impacting plant conservation very

Z oo VvP X ,JAA EU E «}uyE + AlopPHE 0ELoCX uWDp JvES }ve EA 3]}V }
if the plant conservation outcomes are not recognizechore difficult as a result of climate change and many
as central to the strategy, objectives and priorities ahore plants will be threatened than we had previously

S§Z ]veS]SuS]}vX 8§ §Z Dl]e}pE] }%E s ® WZ %E WS v E] o & 5]}
conservation is included as the first of four strategichange and plant conservation provides a useful summary
directives of the institution (the others are the cultural}v o]l oC oJu § Z vP Ju% S }v %0 Vv
importance of the Garden in its own region; the needP X} EPI(]Jo ¢l ool< CzWpu o] S]}velP
to invest in its people and infrastructure and theitthe level of the individual botanic garden, there will be

Z] Auvs3}((Jvv]oeued v ]o]3Gegtowing néed for egfiEgarden to assess the potential

and increasingly sophisticated botanic garden agendmapact and consequences of climate change on their
related to biodiversity conservation at this Garden, ani% @& §]}ve v 5Z o0]A]JvP }oo &]}ve &
many others too, has been heavily influenced by thexample, based on the best predictions on future climate
'""W X dzZ '"W Z . UulveSE § § Zchahg&st€Rdrios it ig likely that many of the plants that
high level national and international policy frameworkare grown outdoors in most botanic gardens will change
to which we can link, which helps to justify our resourcand that we will see substantial changes in the floras of
needs to governing bodies, donors and local and national vGC ' G veX dZ]e AJoo Jv op %0 v3e

HSZ}E]S] X K( IpE+ U }ve EA 3Sliled tA}tEe| chahgds elinsale of the Garden’s own
botanic garden with many other priorities and activite<E P]}vX Wo v§e AZ] Z Z A v}§ «Z}Av
but successful strategies for integrating all aspects ofta be invasive may also become so, and require to be
botanic garden’s concerns can be found through caref@® u}A X < A Z A o0+} « vU 8Z E ]
*SE S P] %0 vv]vPX occurrence of catastrophic weather events in many
&UV rE Je]JvP ]« v A EC C 3§ I (JEE BPEVIU Y ot JvP A 3 §]vP (0}} U
succeed best when effective means of communicatirsjorm surges, storms, hurricanes, tornadoes, as well as
§Z uJee]}v v A}EI }( 8Z ]Jve3]|3uSIIwSCHo] A BI%RE]Xe }( EIuPZ3 v o
One should not overlook the importance of incorporatindhJo (]JE X KpE }v(] vV Z e v ¢Z
resources for plant conservation into the core costs @i situcollections of many botanic gardens are as safe
§Z ]Jves]Sus8]lvU €& SZ & $Z v E o CihwRhe FotueCas}we rPhight]foomery have hoped and

}(( (pv JvP (JE }ve EA 3]}v % E}i SeXA/X]e A op o 3§}
include a responsibility for achieving plant conservatidn addition, achieving the GSPC targets has become
in the mission of the botanic garden, as well as in tleven more challenging than ever before due to climate
job profiles of all staff, whether they are working inZ vP X t & o]l $Z § u vC v §]A %00 °
Z}YES] poSpE U €& - €& ZU U S])secufdHn their |nalurdldbabiigts, Xeven within protected
Building the base of support in the community is essentialE «X K(3 v §Z « AJoo SZE S v
too and volunteers and member groups can becomeemvironmental conditions to which they are not suited,
wonderful asset for implementing conservation project®&lso due to loss of pollinators, the spread of new invasive

}18Z $ZE}uPZ 8Z 1E Alouvs E o }ped@is and HiZeds<Es, the B33 \of ¥eed dispersal agents,
At the Missouri Botanical Garden, private individualsv }$Z & o]Ju § r]jv(ou v ( S}E-X
and local foundations have generously supporteithportant that botanic gardens factor in the impact of
infrastructure  developments and specific plantlimate change into their own institutional planning, their
conservation projects recently, such as the constructidiving collections priorities and into the ways in which

} v A 33 r}(r$8Zr ES Z E C %o weyvgo@mudiedle AheirdBeeds \and priorities to their

}( 8ZYpue v e }J( VA }ve EA 3]}V %0 AF=]S}Es E PSS IXZ}o E+X A 0}%]VvP
Private philanthropy also played an important part iwith other botanic gardens are important where back up
*U%o %o} ES]VP §Z A 0}%u v3 }( 8Z }o& Sjfve}( ¥VX EA 3]}v }oo §&]}ve
The Garden’s membership of 47,000 households and

2,000 volunteers provides a remarkable base of support

(}& 8z ' E vX
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A contemporary approach to plant conservation E (JE ] v38](] ]VvA *3]P 38]}vX D vC
The remarkable development of botanic gardens over tm®w include biocultural collections of artifacts which can
last few decades has helped to transform their approadie useful for educational displays and for research (Salick
8} %0 v3 }ve EA ¥Xx}sitconsEZrvation (in § oU TiiisX
living collections, seedbanks and tissue collection®)sZ E SE& ]5]}v o v Vv}vrSE ]S8]}v o |
remains foundational to their approach, there has beesupport plant conservation through individual botanic
PE}A]JVP ¢}%Z]*3] 3]1}v ]v u 3Z} }PIRE ve%o oW X AJZJuC ~(}E /&£ u%o L
has included much more focus on documenting armlant species newly discovered and described by the
tracking the genetic diversity of the plants with whicMissouri Botanical Garden’s scientific staff each year are
they are concerned, applying an approach that aims tound to be threatened species); restoration ecology;
conserve and understand plant diversity at all levelghenology; horticultural research on propagation,
including genetic diversity, individual plants, populationsultivation, seed biology and storage aid situ
*% ] v S$Z ]E& E}o }E %0 v (WwWSIEAVI IV CES 3pE 3]}v v E }JA EC
Such an approach had required considerable neivis clear that to be truly effective in plant conservation
investment in research, particularly in conservatioan individual botanic garden needs to mobilize and
]1}0}PCX Jve EA §]}v P v 8] « Z e-applylits dive(sE fedr(giand expertise in horticulture,
research direction for some botanic gardens and $zience, education, restoration, advocacy, knowledge
expected to grow in importance (Edwards and Wyse v P u vsU uJv]eSE& S]}v v luupv]s
le}vU T1idX The key to success will be continued committed
New awareness has grown of the importance anfstitutional and network responses to the plant
indigenous and local knowledge of plants, as wealbnservation challenges we face, the implementation
as innovations and practices associated with plaot strategic, planned and coordinated approaches and
resources, with awareness of the value of such ] & ]Jv ]JA] p os v o E*Z]% X dZ
knowledge to support customary uses, sustainablmtanic gardens to be successful in this work today, even
0]A 0]Z}} *U 0o} o (}} ¢« ME]SC v L}@SABZ E A E. E®E X
Jv 8Zv} }8vC ]+ A op 0 %o v3 }ve EA 3]}vrE o0 §
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PRESERVING THE FLORA OF THE FRENCH OVERSEAS DEPARTMENTS, COUNTRIES
d ZzZ/dK2zZ/ » TXSITAHEND EX SITOHALLENGES

D 4d >DDENIS LARRPINN ~ Z' DR>> Z

Due pu E 8]}v o 0,]*8}JE E Su®E oo U "}E }vv hv]A E+]8§ U W E]J*U &E v
+ ]J& S§8]}v ¢ Z o S]}ve UuE}% vv e S /vS Ev S]}voe+ § ]JE& S8]}v v Z EP
g |]E S]}v'v E o o Ppu U Dpe U : &€& Jve }S v]cpg o § ¢}}0}P]cpu X
uhDZzZ /~z [ve§]Sus ACe3 u 8]<p U Alous]ivU ]} ]1A E-]8 X

uljls X ou >UuvZvVX(EV Vv]eX0 E%]v>uvZvX(EYV « EP Xupoo E>uvZvX(E

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 Bore
~N JvSrW] BE& r SrD]<p o}ve 8§} ~tusz Ev "u v E §] ~d &-U SZE}uPZzZ §
%o E ¢ VS E u El o J}o}P] o JA E-]3CX dZ]* %}*]3]}ve &E Vv *« §Z u
PE 8§ & *%}ve] ]J0]SCX
The first part of the presentation describes how France is implementing targets 1, 2, 5, and 7 of the Global Stratec
(JE Wo v8 }ve EA 3]}v Jv ]88« K dX /8 8Z v (} pe = }v 8A} &E v Z % ESL
DC}33UAZ E ]} ]A E-]5C Z - v Aoo A%o0}E X
It presents the current in anek situconservation programs and action plans that are already in place in these two
% ESU V3eX >}}]VP U}E % E ]* oC 55 EP 36U ]85 v oCl «U pe]JvP §Z
of the CR and EN threatened flora maintainegeisitucollections, botanical conservatories, botanical gardens and
. Vlie Jv §Z % E3u v3e }JE Jv }83Z & o} §]}ve A]3Z]v }E }use] &E v
}E JvP 8§} §Z o0 S ¢«§ /h E 0]*8*U §Z (0o}& }( Z pv]}v /o v ]Jv op e« 0i § £ §Z
i0 Z v 8i EX dZ]e *3u C «Z}A ¢« 3Z % E v3 P }( E]8] ooC v VvP E v
ex situ collections, showing where they are held and by obtaining information on the accession data of the species of spe
}Jv. &V Z 0%+ 3} ] Vv3](C AZ § % E v3 P }uo §u ooC pue (JE E }A EC
When fully implemented, in Metropolitan France and in the French ODCT, the array of programs and action plans s
up for the implementation of the Global Strategy for Plant Conservation, the Aichi targets 12 and 15 of the Sustainab
A 0}%u v3 P} 0o *Z}puo 00}A 8} Vvep®E 8Z % E o EA 3]}v }( 8Z SZE § v

KEYWORDS
Aichi Targets, Biodiversity, In sitladEx situconservation, French Overseas Departments, Countries and Territories,
GSPC, Protected areas, Red lists, Threatened species

INTRODUCTION

LuE]JvP §Z E&SZ "“puul]s ]v i06617Urh& Europedn @Enios (EW),0a party to the convention
community agreed upon a strategy to halt the loss ofthe]v D & Z i600U }%S ]v Tiii *SE ¢
biological diversity, aiming at ensuring its conservation]} JA E+]3C Jv HE}% C TiTiX /3 « 5
the sustainable use of its components and the fairandu]vP 8§ & p JvP SZ U i}E % E c*uE -
equitable sharing of benefits arising from the use dh line with the commitment made by all the other

§Z P vs§] €& jpuyE X dz }vA v Elropehn Urido hieinber states of halting the loss of

JA E+]3C ~ + v3 & ]v8} (}E }\biddiversity by®20i1® & French National Biodiversity

v &E v E 3](] 3Z JIVA VS|V IVS®BS PQE-E68Xiiirtiti A e o uv Z v
The Convention is implemented through a Strategikhe NBS reflects the country’s commitment to meeting
Wo v (}JE 1} ]A E-]18C Azl Zz A+« E1 B[ § i J¥Ai¢xxdz SA v3C } i S3]A -
dz v A "3E § P] Wo v (}JE& ]} ]A @Fedswg, fiastord,istrengthen, enhance biodiversity and
its Aichi targets were adopted in Nagoya, Japan duriagsure its sustainable and equitable use and concern
JVA vE]}v[e iU }v( & v }( 8Z WllGetiors of &cWvity «axid all territorial scales, both in
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D $E}%}0]3 v v KA E+ « &E v X the Ministry in charge of Higher Education, Research and
In July 2007, major consultations brought togethdnnovation and of the Ministry of Ecological and Inclusive
representatives of the State, local authorities, NGOsl(E ve+]5]}v X
companies and their employees to develop in Frandée Institution fulfils its role through five missions: basic
v A §]}ve Jv (A}YE }( }o}PC v and appliéd @parchycoXservation and expansion of its
Following these consultations, two laws known amllections, education, expertise and the dissemination
ANME voo /v MEvVvoo [ A EM MAo PUXiii8e o ] vE]eSe }% E §
v 11iiX dZ '"®& v oo // o A ~}( il : WG Qil{ *]8]%0]v «X dZ 3u ]+ }(
national objectives, the development of regional anthe future, and natural sciences mingles with human
local biodiversity strategies in Metropolitan France anel ] v ¢X &uESZ Eu}E& U §Z DE,E ]-
in the French Overseas Departments, Countries afidnsortium of Scientific Partners to the Convention on
d EE]S}E] « ~K deX dZ « «3E § P ]Bioldgidal Divevsity Ancbgdaborates with other scientific
taking into account the competences of the territoriainstitutions worldwide with the aims to contributing to

A
S

}oo &JAJE] s v Jv }vepod &]}v A]3ZZ opu%sol ZME ERX}( §Z ~EE & P] Wo

The more recent Law for the reconquest of biodiversitGreated in January 2017, the natural heritage joint
VSUE VvV oVe % * }( HPues 6a UUserviceWni RatbdlaE pArsues a wide array of missions
&E v A8z v u ]8]}ue v oor v jrofbdeexpéntiBe to KRowledge management for its three
framework at the service of the preservation of thdéranches, namely the French Agency for Biodiversity
VA]JE}vu v8 v 3Z «<«pu 0]3C }( o]( X KAFB)atee MNINGQ thiei Blational Center for Scientific

§Z &8E VZ PVC (JE ]} ]A E+]§C ~Z&ee FEZ E BZ™NS/§+]e Jv Z EP }( §Z

today the State’s central operator for terrestrial, aquatic anof the National Inventory of Natural Heritage (INPN) and
u EJv ]} JA E-]3C ]Jv D §E}%}0]3 v the deleldpment LIEhe NAtional Information System
dZ Dpe pu E S]}v o 0,]*3}]E& E 3udk Nature{SBIEPR)Egathering all available knowledge on
public scientific and cultural institution nationally andbiodiversity and geodiversity in Metropolitan France and
internationally renowned for its expertise on biodiversityjv & & v Z K dX

v ]8e }ve EA 3]}vX /8§ ( 0ooe pv E 8Z i}]vs uSZ}IE]SC }(

AN EXCEPTIONAL BIODIVERSITY RICHNESS OVERSEAS
Geographically lu}(ov }E &« A]8Z ii }uv3E] « t

1P

With a land area of 551,500 km?, Metropolitan Francdv HE}% t v Z « u E]3Ju }E E+ A]

] SZ o0 EP ¢S }uvSEC Jv t 8§ BV ~WE&E}%B X /vVE ISYVAIE v U TiiieX
thanks to the diversity of locations of its Departments,

Countries and Territories (ODCT) beyond the mainland, Politically/Administratively

Overseas France cover 110,000 km2 spanning thrAmongst the European Union (EU) Member States,
continents (Europe, the Americas and Oceania) aRtiance, Portugal and Spain have part of their territory
SZE } ve ~W J(] U /v ]v v Solocdtégdebey&rid théEbolndériés of Europe, which are
comprises the following islands: New Caledonia, 18,600 }Av « HE}% [+ Kud Eu}*d Z P]}ve
lugU &CE v Z W}oCv ¢] U TURATI lug Uhese arerthe Azoep ant Madiéira for Portugal, and the

km2 and Clipperton, 2 km? (Pacific Ocean); Austral Islandsy EC /+0 v ¢ (}E "% JvX &]A &E v Z

7,800 kmz2, Reunion, 2,512 km2, Mayotte, 376 km2 araf Departments: Guadeloupe, French Guiana, Reunion,

Eparse Islands, 53 km? (Indian Ocean); Guadeloupe @ddE $]v]<p U D C}858 U AZ]Jo ~ ]JvsrD

its dependencies, 1,628 km?, Martinique, 1,128 km& A e+ + }Juupv]3CX

ASr'W] ECE r §rD]J<p o}vU 107 lug v In‘afldibonEG khis, in theSEU, Denmark, France, the
ESZ o uCU 606 lug ~E}ESZ So vSNetkerlandsXand Zhe an@e® kisgdom count Overseas

ODCT is French Guiana (84,000 km?) in South Amer@aiintries and Territories (OCTs) which are associated to

AZ] Z ]+ v}$ v ]J*o v X §Z h pus8 & Vv}S % ES }(]3X KA E-

@

dZ JUVEEC } 8¢ §Z A}EO [+ * }veioSEP~O5wW&]&Ju * KuSE rD EU 1iide;
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}( peSE o] U v V Zpee] X /8¢ K ~OW CuVEK (BEEESIDIE A]S3Z]v 8Z Z %o i
}( 18 /& ope]A Iviu] ¢}v ~ X E&affording the gBseibility iod future total independence,
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Figure 1: Metropolitan and
Overseas France

1( 8Z]e ]° 8Z AleZ }( 8Z ]JvZ ]88 viofxhe world's 86 degi§pated biodiversity hotspots,
v N ]Jv8rW] EE r §rD]«<p o}v E K AveHand shotspats (FieANIgditerranean basin, Antilles,
~ }oo 38]A]8 « [KuUSE rD E t KD e« PdyhestaEew GalddontaAndHndian Ocean) and two out
and Antarctic Territories remain a TOM (Territoiref 10 marine hotspots (Reunion and New Caledonia) are
[KUSE rD EeX dZ KDrdKDe E EWwv&E ¥Z X+ u]lAIE E+]5C Z}5%}3 ]+ P
as Departments and Regions in Metropolitan Francat least 1,500 endemic plant species that has already lost
while the COMs have a degree of autonomy with theirs o 3 61 9 }( |5« }E]P]v o v SpuE o A
}JAv o § ee U 0] VvV *}u 0 PJ]eo A% TmIAVEN1e3S TXi 9 }( 82 ESZ[* o
it 9 }( 8Z A}Eo [+ Vv u] %0 VS *% ]
Environmentally § EE *SE] o AES E §+ 0]A Jv §Z -«
France holds a unique natural and cultural heritageZz }JA A E }pvs id }pus }( 8Z i6 &E v
on account of the diversity of terrestrial and marindWWF defines an ecoregion as a large unit of land or
biogeographic regions and the variety of geographicahter containing a geographically distinct assemblage
distribution of its ODCT which span from the tropical aruf species, natural communities, and environmental
<MW 8}E] 0 I}v eU 8} 83Z }E o0 Vv "JUSZVEMIW VvEERESVXZ %}0] C }v ]} 1A E-
Metropolitan France counts 4 biogeographical regiorll ODCT have in common a high terrestrial and marine
~ S0 v8] U }vs8]v vS oU 0% ]v U D bjdodiedE divewsity b&istrica( and biogeographic
HE}% Vv }eCe3 ue v 00 9 }( u&pHginalityg AteBng &ndemism, heritage species and the
habitats are present in Metropolitan France (Observatoirku % } ES v }( SE ]18]}v o IviAo P X
E S]}v o o ]} ]JA E-]8 U 1iid6+X French Guiana, it is important to note the importance of
Overseas France is characterized by an outstandicwyal ecosystems and the heritage value of the marine
diversity of terrestrial and marine habitats which E <X dZ - Z E 3§ E]*8] « PJA &E v
have been far less modified by human activity thasmsset but impose on it an international responsibility to
D SE}%}o]S v &E v X dZ %0 vS maintainvdna presefée slich an exceptional biodiversity
vuu &+ & o*} A£ %S]}v ooC Z]PZEPA]M»CUGUWODU 00 E ~ D C EU Ti
5§ 3 §Z 8§ § 0 5 061 9 }( 82z v §]Pbneconihopich@adtgti of the French ODCT is that
located overseas (four in five French species are fousdZ C %o}ee e« Z]PZ o A o }( v ul]eu ]v
JA Ee eeX ODCT are presenting a lot more endemic species than in
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Metropolitan France (100 times more freshwater fishe§ome other vegetation types are recognized including
01 SJu cul}E& JE& U 10 SJu » Uu}E %o pateliesbfisadarinps and s@me patches of herbaceous
U}OoOHe® *oX /v 8Z 0 § *8 E %} ES }v X u% 3 (VA ISIA @B3S3Q@Uo}Ao0 v » ~>]v
§Z &E v Z K+ EA S}]E E 3]}v oidd®X ]} JA E-]3
(ONB) confirms the exceptional richness of France’s
natural heritage and the international responsibility In the Indian Ocean
§Z 8§ ]85 Ju%o] U % &S] po EoC (}TWedsland pf BeumoR witd anidréhdof @,512 km?2 is part
v u] JE epurv u] *% ] ~0li JA(BZ *BXe 11E9V E Z]% o0 P}X /8 % E
of species are endemic in overseas islands comparefA E+]3C }( VA]E}vu v3eX E} ( A E §
§} 1 9 Jv D SE}%}o]S v &E& v ~ K typ€E Aof$ hjliEats Eargé ] ecognized after the Corine
o ]} 1A E+]8 U 1ii6V Z]J((E » 0 P}3}% * JHEA%E-YS 0 «+](] 8]}vX dzZ C
vV &E v U Tii6eX tZ]Jo % & e+ vS§]vPforeststEal lewk( alfitude} and at higher altitude (upper
traits, each French ODCT reveals and retains its natdaasharind forests with the dominant specidscacia
V HOSUE o] VvS]SC Vv % ](] 15 Qterophyllay Zu]eSC (}E S¢[ }E o}lp (3JE
cover a wide variety of other remarkable habitats: dry
In the Atlantic Ocean (JE «5«U « ulr EC (}JE +3+U u }A-U A
dZ KA E+ +« }oo 3]A1S3C }( ”~ JvSFrWA] VE EUr GYDEep ©}VZ 3Ze }v §Z % el
0] « Jv 8Z Vv}ESZrA «§ So v3] U 1ANdungrdroee forejts &re} however observed on the
EAQuvovU v X /8 Z e« 3A} ulveoo XD AMEZ o}vPe 8} 3Z D P -«
8} 0 & }( 107 lugX dZ +}]Jo ]* ]JK VvVEBbVVAISZT} %A SE]3C ,}8+%}3X
bogs, scrubs and remnants of Boreal forest in parts of thibe Overseas Departmental Collectivity of Mayotte (376
/[0 v }( >vVvPo X km?) is the most southerly of the four islands of the
In the Caribbean the archipelago of the Lesser AntillE®@moro archipelago: It comprises two main islands and
belongs to a small volcanic arc with about 21 mainislands }@& ¢} ]Jeo §¢X dZ u ]Jv v SUE& o Z ]§
and numerousislets, all belonging to the Caribbean Islarads the natural forests, the riverine forests, the humid
1} JA E+]8C ,}8%}3X D ES]v]«<pn 2onespthe manieves, GBe coastal habitats like mudflats,
§Z 0 EP *3 ]e0 vV *X E SUE 0 5C% * J(*3 CEEESEY ovA Pv3§ §]}Z » ~ PPro C
Jv op e ulr ] plue EC (}E <3U manije tartled), @ i@etsv(dry forest and sea birds),
forest, ombrophilous forest, mangroves, beaches anZz +« P& ¢ v SZ }E o E& (X >]I Z
0]38}& o o](( A P 8§ 38]}v v u}vs v beloAgs/to the Madagascar and Indian Ocean Islands
D E&S]v]<n [s0o v Z s+ v E FO TUING JA XIS , ¥3 %0} 35X
in origin, it offers a varied landscape dominated by thEhe French Southern and Antarctic Lands, the TAAF
A}lo v} }( D}vd Pv W o ~iUidé u (TeAes-Austalds et Xntarctiques Francaises), consist of
Guadeloupe is the largest island in the French Weke Islands of St Paul (8 km?2) and Amsterdam (58 km2),
Indies with an area of 1,438 km2 (1,628 km2 with ithe Crozet Islands (340 km?), the Kerguelen Islands

%o V.V ] *eX /S Iu%oE]e ee rd EEWIIR}UIWS v CSZ d EE o] ~o0iTU
§Z A}lo v} }( > ~}u(E] E ~iU 506 dAntarctipAcontinentp which «4d¢Jnot taken into account in
v '&v rd EE U Alsz §Z i VBUEoWEAI > pe }( ]S % ES] po E

*]E U /o e+ "A]Jvde v D E] r' ovvSAXP SuIEFRZ XE §Y JA ru v8]}v e
§Z E}ESZU "8 (E&SZ o uC ~7A lugrpv ¢ E&&H X 2% EBIOU $Z d & o°}
of St Martin (53 km?2) are other ODCT among the Les&mattered Islands (Eparse Islands) in the Indian Ocean,

v§]oo X comprising the Islands of Bassas da India (less than 1
&E v Z 'ul v ] }vs8]v vS oU ]S kdn2), Bwropad30 krh€k &bnieuses (7 km2), Juan de Nova
eastern part of South America between Surinam andfi luge v dE}u o]v ~i lugeX dZ « ]Je0 \

E IJlo v }A Ee v E }( 6iUATS Itawopicssclimafiadanditons, from arid (South) to humid
a large block of tropical ombrophilous lowland forest E}(ES§Z+X dZ ]E (0}E v AP § 3§]}v E
and submontane forest, which covers nine tenths ofS oXU 1TiiiX u}vPe§ §Z Ju%}E&S vS %ol
the territory with a great diversity of fauna (insectsthese islands are mangroves and coastal vegetation which
U%Z] ] veU SUES0 U JE « XXX v EHAIE XUBJEE 3 & (pP E + (JE v
A E&] ]0]8C ]* (}Juv U ]Jv o JvP u E+Z (}E *8 o}vP E]JA E-X
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In the Pacific Ocean ] v u] U }& JvP 8} D C & v o &
New Caledonia is part of the group of islands which maggeeat diversity of forest ecosystems is found, at different
H% D o0 v ] % }JA E- i6UAGRA |ugelevdtibns (@ryZ {dkests, Repastal forest, mesophilous
comprises Grande Terre (main island) and the Islan@$ @& ¢35 U u}vs v & Jv (}E& <35+U o}p
}( >}1C oSCU §Z 0 % & Z]% o P }hwithSaher/wpes jof edbpystemss(wetlands, shrublands,

a few remote islets, forming one of the 36 biodiversitu}vd v. o v ( Eve v + A vv «U 3}oo A
Z}3+*%}8*X E A o }v] ] IviAv (f@Ee 3Zhipelagd] of 3VAllis and Futuna (140 km?) is
maquis vegetation (shrubland) on ultramafic soilse ES }( W}oCv ] v K v] X /8§ ] 1}
rainforests, sclerophyllous forests (dry forests), savann#éisiee volcanic Islands of Wallis (76 km32), lying to the
A SoveU } 80 }eCe3 ues ~u vP E}Mortheast, ahdeFutuna (46 km?2) and the islet of Alofi (18
AP 3 35]}v}volu3}v ~>}C 03C /solwgeeX}EU]VP 3Z ,}JEV & Z]% 0 P}X
French Polynesia with a land area of 3,521 kmz2, considigided into mangrove, littoral, dense evergreen forest
of five archipelagos of 118 volcanic or coral islandgwer elevation and high montane forest), wetlands,
}JA E]JVvP §}S 0 - E }( iXA u]o@]grandpterid/( SZvory J* B CU
D E&<g » U peSE o v dp u}sSur' uWhlik and oFutumX arid the French Polynesia Islands
comprises many relatively preserved atolls and a largeo}vP §} §Z W}oCv «] rD] E}v ] 1} ]4
EEZ with significant halieutic potential, especially tuhacated in the Northeastern Pacific Ocean, Clipperton
E *}UE < ]Jv SEZ D E«<H *» X dZ (0}GE ajinkidlsited #ad Yery s@allEatolr (2 km?2) of volcanic
but shows an exceptional diversity for endemism amongE&E]P]JvX hvo]l §Z ( uv Az] Z ] E] Z -
VP]}e% E&ue ~6f 99U % Vv JVP }v SQodqorlv Y «ZADO([I(ZYU SZ (0}E ] %
the vascular flora of the French Polynesian archipelagog u JvoC }u%}e }( JvSE} M *% ] °

VULNERABILITY AND THREATS
Due to their geographical characteristics, the Frendfrance, which notably holds a great part of species
ODCT encompass a wealth of natural contrasts, an ardiyersity from its ODCT is unfortunately among the top
of different climatic conditions, landscapes, flora antbn countries in the world with the highest number of
(pv U (E}u 8Z 83E}%] o v «u 3} Eaat Bnd enindg) threaténgd Sspecies: 1,147 species,
W] EE& r §rD]<p o}v v ~}lusSz E&v vamesg @hidh 278 are rxXMetropolitan France (The IUCN
mentioned earlier, all French ODCT are islands, withtile >]¢8 }( dZE S v *% ] *U Tii6X

£ %S]}v }( &E v Z 'u] v v d E& The &lenth”QDCT}ghow a very high variability in
them are very small, increasing their vulnerability, a lowbuman population densities and therefore in impact of
resilience to natural hazards, which increase significanty/pu v $§]A]38] » }v  }eCe*3 ue ~&]JPUE |
SZ |E A%}euE& 8} SZ }ve <u v o ThHeseodguerseas And$ have suffered from an important
dZ &E v Z K+ EA §}JE E 3]}v o reducton ofltheinaiiire] &reas after human colonization
(ONB) indicates that the global context for the evolutioand are facing habitat destruction by an increasing
}C 13 JA E+]8C Jv 00 83Z + 3§ EE]SIER 0}%AIEBC]PRX] yoSPpE U Jv p*3EC

Figure 2. Terrestrial areas and
human population densities in
the French ODCT
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A first outstanding example concerns the New Caledonihave caused an accelerating loss of biological diversity

dry forests ecoregion, only found on the Western side dfie to the destruction and fragmentation of native
'"Ev dEE /eovVv ~&]PUE i<X /3 tippicallforests and (Re irdrddwction of alien organisms,
Ofnl % ] U ]Jv op JvP o EP v uwhickhayvé cousidefdabl)Xmodified the process of primary

This ecosystem had almost disappeared until they ee]}v Jv §Z]e }¢CeS uX

Ju%eo u v §]}v }( @& 8] u *pE « (}E [} B Eoe JEM «F}yy Xl /VA «]A 0] v %
/IS HWEE vSoC }uvse (}&E }voC XvHAT Pvy( & }EFR]vide }E 140  pe }
JA E v  A]eSe u JvoC Jv Jeipv § (piBEdivdrsig i8 tibpicél Islands, also in French overseas

The case of Reunion Island is another striking examgleo v ¢ ~&]PuUE 08X

~&|PUE TeX /v SZ o0 8 SZ&E VEUE] » §Z Zpuu v S]A]E] -

Figure 3: Important reduction
of natural areas after Human
colonization and habitat
destruction in New Caledonia

v Z pv]iv Jleo v X E
Caledonia: the original (green)

v MHEE v EC (}E& -
Reunion: more than 3 centuries

of evolution/degradation
(maps of vegetation cover in
ioii v i00die

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 incliRtiesa In the Austral Islands a significant temperature elevation
timorensis the Rusa deer, in New Caledonia ankas permitted the reproduction of introduced plants such
Odocoileus virginiandké SZ tZ]S $§ ]o dERba Jvateérsior Taraxacum sp XU AZ] Z VA % &

W] EE r $rD]«p AdaciarhapgiumMayotte, A] o ¢ X dZ JE v u} Z}YE}pe Jee u]
Psidium cattleianumin Reunion Island anticonia $} $Z J& ]JvA ¢]J}vX dZ " JvdrW] EE r
calvescens]v & E v Z W}oCvV ¢] ~(0}E *X0%]v 3Spuv E ] o0} A EC + ve]3]A &

{ KA Es c0ve E 0°}83ZE 3vVv /CITOPWS "XZDYWR X E * § % % EuU Vv V$§
In French Guiana, researchers have shown a stroagu C §Z ¢ Z vP ¢« ~Duoo &U TiiiV Dpuc
decrease of the floristic richness of the forest cover on dn Tahiti (French Polynesia) cloud forests ecosystems and
isolated rock hill (inselberg) in relation with an increase tifeir biodiversity are affected by climate change (cloud

S U% E SPE PE]JVP 8Z fAi 0 3 C @+ +&}yEQGES oo X EHvEXX

WHICH MEASURES ARE IN PLACE?

The Law for the reconquest of biodiversity, nature nutrients, has been brought to levels that are not
and lansdcapes SE]Ju v8 0 8§} }¢Ce*S u (pv S]}v v
Since the promulgation of the Law for the reconquest Target 12: By 2020 the extinction of known threatened
}( ]} JA E<]JSCU v SUE v 0 V * % spdoes heB peeén @rerdntdd and their conservation
2016, the protection and valorization of the French status, particularly of those most in decline, has
ESUE 0 Z E]JS P ] VIA VveZE]v v &E]WHIEGAMAX dZepes Jv X
legal instruments for the conservation of threatened Target 15: By 2020, ecosystem resilience and the

*% ]+ €& €& Jv(}& X dzZ v §]}v o
the preservation and protection of endemic species
(Aichi target 12) will be reinforced and sanctions will be

condridutioriee of vbiodiyeEsity to carbon stocks
has been enhanced, through conservation and
restoration, including restoration of at least 15 per

v(lE §} (]JPZ8 Joo P o SEE X
> A % E}upoP § UPpes 66U Tiio
* A dynamic and renewed vision of biodiversity
e An ambition to protect and enhance the French
natural heritage
» Aim for environmental excellence
» Implementation of the Aichi targets

cent of degraded ecosystems, thereby contributing
to climate change mitigation and adaptation and to
}u S]vP e ES](] S]}vX

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
A e po E %0 VS *% | * ]Jv 8Z &E v Z
Amongst the Aichi targets the most concerned in owignificant features is the number of more than 3000
study on the French ODCT are the following: endemic vascular plant species (evps) overseas, to
e Target 1: By 2020, at the latest, people are aware odmpare to the 210 evps in the French Metropolitan

the values of biodiversity and the stepsthey cantakée EE]S}ECX /S ]« o0} JvS & +S]JvP §}
§} }ve EA v pe ]38 epe3 ]Jv o Cbetween territories regarding the protection of the flora

» Target 2: By 2020, at the latest, biodiversity valuesv §Z % & vS P }( % E&}S S &
have been integrated into national and localo know and preserve biodiversity, in Metropolitan
development and poverty reduction strategies an&rance and the ODCT the French Ministry of Ecology (now
planning processes and are being incorporated intalled the Ministry of Ecological and Inclusive Transition)
national accounting, as appropriate, and reportingas developed tools adapted to the contexts and issues
eCe*S u-X ~D]v]*§ & o d& ve]S]}v }o}P]cpu
Target 5: By 2020, the rate of loss of all natural habitatsl) ¢X dzZ "*8S& S PC }( & S8]}v }( WE}
including forests, is at least halved and whers a national strategy aiming at enhancing the coherence,
feasible brought close to zero, and degradation anépresentativeness and efficiency of the network of
(E Pu vs8 S]}v ] «]PV](] vSoC (& temestr¥al protected areas in France by contributing
Target 7: By 2020 areas under agriculture, aquacultue maintaining biodiversity, the good functioning of

and forestry are managed sustainably, ensuring }eC*3S u-e v Ju%o E}A]VP }o}P] o

Jve EA 3]}v }( 1} JA E-]5CX Figure 5 presents a panorama of the biodiversity and the
e Target 8: By 2020, pollution, including from excesk. E}3S $§ E °+]Jv DS SE}%}o]S Vv &E Vv

. 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 KA Ee eeX dZ]e
was produced in 2018 in
partnership with the Institut
"IPE % Z]<u E S]}v o -~
the MNHN and the French
Agency for  Biodiversity/

P v &E v ]- %0} U E
1} 1A E+]8 ~ &

87



Among the most numerous and largest protected areas the adjoining marine natural parks of Mayotte and

in France are the national parks and the regional natural $Z 'o}@&]}ue /0 v ¢« ~~ 8§58 E /*0 V °

%0 E X area of 100 000 kmz;

French national parks cover a variety of land and national nature reserves, such as the Guiana nature

maritime domains with the aim to protect biodiversity, @€ « EA v $A}EIU §Z N lvsrD ES)

uvFP S§Z poSpuE o Z EJS P v H 8§ BEZBWO]XSHE E » EA U 57
of August 2018, France counts ten national parks: seven v SpE & « EA }E A v SZ ep r \
]Jv D SE}%}0]S v &E Vv ~ A vv U [@EHdndsU22D0aE km3 diuihidh 15 000 at sea, the
WIESr E}U WCE v U s v}]e v olargept French né&tiamal ,eserve whose biodiversity
to reinforce this network by adding a new national park bill allows for expansion into EEZs);

(Parc National des « Foréts de Plaine »), and 3 Overseasstablishment by New Caledonia of the largest French

~'"W O}u% U &E v Z '"u] v U Z pv]lveXu @do]¥ W IERSSABZS EUE Z }E&E o N [ }v

§8Z C & %E » v3 v E0C 8 9 }( 3Z &&E § E§ EGVS}EQ (JE 353Z v iXi uloe

§}15 o }( JuS 01 111 lugX WE}% }ES3]}of ao QnterpatioBal] @oje¢d hoader cooperation,

the French ODCT have a greater proportion of protected particularly with Australia (Great Barrier Reef);

E » SZv DS SE}%}o]S v &E v X + project of large marine areas in French Polynesia,
The French regional natural parks, developed under @&}uv $§Z D E«<g ¢ v dug u}sSuX
the responsibility of the region, are spaces of natural,

HOSUE 0 }JE o0V * % Ju%}ES v Othes protectdd }areas are) irdexnationally recognized
Their aim is to protect and manage this heritage abrough the UNESCO World Heritage inscriptions, in the
well as ensuring the economic and social developme@DCT (the Lagoons of New Caledonia: Reef Diversity and
1( 8Z E X dZ C o} Ao }u v | AxgSa@aleds EZcosYstpms;] Pltons, cirques and remparts of
% ES] 1% S v p S]tv v SE ]v]Reurerd@3BndE and MatqwkZas project) and the Man
(]E*8 E P]}vo v SuE o % EI A « &Bd Biospherei Brogram’(th€Efi@sphere reserve of the

e HOSeX ¢ }( D C Tii6U 8Z & E Guadéemoupqd avchipelagoudld the biosphere reserve of
% EleU u}vP AZ] Z A} KA E+ X & | E A ]Jv W}oCv ] X
The main protected areas in the French ODCT: Regarding the wetlands of international importance,

e 3 national parks have been created in ReunioRyance, in February 2018, has 48 sites registered under
French Guiana and in Guadeloupe, the latter beirlge Ramsar Convention, 37 of which are in Metropolitan
extended, including at sea; the regional naturak (E v Vv i KA Ee X dZ « ]88« }A
parks of Martinique and French Guiana; creation of }us 10 iii lugX

A ZOOM ON TWO ISLANDS OF THE INDIAN OCEAN
Reunion (2512 km?) and Mayotte (374 km?) are two Flora, vegetation and threatened species
French Departments and European Union’s outermoRBieunion, an island situated in the Indian Ocean, about
& P]}ve 0} 8§ ]Jlv 8§82 /v ] v K v ARkPaHEast ob Mddadasaar, profits from an exceptional
territory hosts a biodiversity of world importance, but théiogeographical situation (insular, volcanic and tropical)
completion of Red listing and the significant knowledgev ~ Z - HV]<u ]}o}P] o JA E-]5C.
accumulated has allowed to identify many threats thanks}o}v]i §]}v ] <«p]8 E v§ ~i6aeU S
to the presence of a National Botanical Conservatoryhiqueness of its flora and its organisation in numerous
Conservatoire Botanique National (CBN) on the Islandhaibitats is also unique (Boullet, 2007) and has led to their
Z uv]ivxX dz 8A} Jeo v e o0}vP §} & Zegistration]dn]the @S p§ he UNESCO World Heritage
hotspot, together with other islands of the South Wese ]S « Jv TiiiX
Indian Ocean and are designated by scientists as bein@ bé native or indigenous flora of Reunion Island comprises
Po} 0 % E]}E]SC (}E v SuE }ve @& A64Jpacks of kaskuld blahts, afjwhich there are 1,503
be emphasized that they show two contrasting situationg} % Eu $}%ZCS ¢« ~6AUT 9« v T10i WS &
in terms of land surface, relief, habitat diversity and E D « @&]JvU Tii6V § (E}u TiifdeX dZ
VUU E }( % E}S § E X into:

e 0006 v S]A % ]« AZ] Z ] }us Z of

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

843 exotic species, which is approximately the othed A A E }voC ii 9 }( §Z <uE( ]} p%o]

Z o( ~806 9-U AP3SS38]}v v }voC ii 9 }( 8Z AP § §]}v
» 54 cryptogenic species, with possible but stil} pEE (JE Zpu v }o}v]l §]}v Jv 8§Z i6

pMv ES Jv Jv ]P v}ipe 8 Spue ~7 9¢Xe3]00 %E& ¢ vS ~"SE » EP § oXU Tiifie ~
The native flora of the island may present a relatively reductie: flora and habitats of the Reunion Island can be found
%0 V3 ]A E+]SC u3 Z]PZ o A o }( V]vu]<E]-WoMiTOV(IZFASZ-U i6ATV SU id060L
*SE] S v ul]eu v OAXi (}& $Z D+« E BU VO&QAJWetyv Z E U TiiiV "SE « EP §
A E JvP 18 A18Z Vv Ju%}ES vE % SE]aliw dJAXp A}Eo A] X

Figure 7: Evolution of the
natural vegetation of Reunion

/o v ~WE i6aeU v§
now)
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Due to the strong regression of the surface of certa@ssociation of vigilants and a proactive policy for the
habitats, the island’s flora is today extremely threatenegreservation of native habitats and the conservation of
and this is furthermore accentuated by the biologicalative biodiversity, native vegetation continues to shrink
invasions that strongly contribute to biodiversity lossi@ E v 3§Z & X
§Z } v] ]Jeo v e ~>}1% ~ D oo @&wafiety}dehumiah@inrbances (fires, wild grazing and
D }vo oXU i66iV D C & ~ tReglasting ofkropd tndiigh mountain areas, plantations
> A EPv oXU idd6V <p (( E ~ =under®Eirees, Uwild i avhpihgC tiE Lbpening of paths,
1oV &E v}s § oXU 1AV & § 3}AXE EJAVVPAY]- IE }vS u%}E EC
oXU TiioV }vo v 7 t]lo }AU 1116V dlusfrateEhe shoreogfoialjorobm of biological invasions
<] ZvU Tiiiv & § oXU TiifneX C JvSE} u *% ] e~ E D s E]JVU Tii
MU VvV e 3830 uvd8 HE]JVP §Z wu] o }( 8Z i6aeU
century enriched the flora of the island with an exotic Red list of threatened species of the Vascular Flora
component that would gradually play a more andf Reunion
more important role in the development of society on u}vP §Z Jv ]P v}ue A ¢ po E %0 vieU
Z uv]lv /eo v X dzZ A] & vP }( uferis and floEling plantshaee been assessed using the
(}& SECU }viul] U u ] ]v oU } EQRategoeriesaldCxiteria of the WCN Red List of Threatened
A Er]v E «]JvP (0}A }( P}} s Vv o ®A] ] dZ3»{ZC A+ EE] }ud C 3
intentional or unintentional introduction of severalNational Committee,the MNHN, the Federation of National
thousands of species from tempered tropical zones al}$ v] o }ve EA S}E] «1& &E §]}v -
JA E 32 A}Eo X ES v %o E } %o }EBtadifues) Nasanawx ardothe] Gonservatoire Botanique
VIA %o}e E o03ZE 3§38} 3Z v S]JAE(B}E & D e E]JvX dZ]e *Spu C Z]PZo
/vepo E]3C v u] E}rv u] ]3C u |+ WM S(AJEOPE Z pv]}vV |8 «Z}Ae §Z &
more fragile and vulnerable, enhancing the risk of iXd 9« Z A OE C ]* %% & (E}L
extinction and the biodiversity crisis on these oceanisZ § v}SZ E T6A *% ] ¢ ~1iX0 9« & v
]Jeo v ¢«X dZ oS & S]}v v SEY HUZIE}IEZ & fwv ZZ+ (}0o0}A]vP 3§ P}E]
had a hugely detrimental impact on the biodiversit{EN (80) and VU (104) (The Flora of Reunion Island at Risk,
}( 8Z Jeov X 08Z}UPZ 3Z %o E}iire ~R]PUE}HX
down considerably under the combined action of an

S
S

Figure 8: Red list of threatened
species of the Vascular Flora of
Reunion Island
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"tu £ Uu%o0 o ~&]PUE O+ ]Jv op W rDisperis tripetaloidé®rchidaceae); VU
rFoetidia mauritiana(Lecythidaceae) andHibiscus rHeterochaenia rival§fampanulaceae); NT
columnarigMalvaceae); CR

rAloe macra (Asparagaceae) aAdplenium nidus

(Aspleniaceae); EN

Figure 9: Examples of
threatened species of the
Vascular Flora of Reunion
Island

Mayotte is composed of a group of volcanic islands marfowever, much of Mayotte’s forests are degraded due
than 8 million years old, in the Comoros Archipelagm a very early human occupation of the island (from the
which is located in the Mozambique Channel and thev }( $Z 6a&U VSUEC*X D}E & Vv«
/Iv]v K vX DG C}85 Jeu H% }( SAFWE|W ]*0 vee}v EC (JE 8 }AE P

V « AE o0e+uo00]eovVv eXdZ C E dd206%conckinédmae j¥a@ 12,000 hectares of land,
J(AYEo0o Al Ju%}ES v X }E JvP 8} +8Ju § «X dZ]e & pu S]}v
Due to the subsidence of the island that gradually tod&day at a pace ranging from 50 to 100 hectares per year,
place over the past 500,000 years, a large coral ress urban and agricultural pressures increase and there is

v 0 P}}v cpEE}uV JVP 8Z Je0 v UCERP }1X IWB&E}Io®EI *pE ¢ Jv %0 X
exceptional for their size (1,000 km?) and for the rickKkvoC A 9 }( 8Z }E]P]v o v SPHE o A
biodiversity they host (more than 760 marine fishes dthis vegetation has been preserved thanks to the
which 17 are threatened, according to the IUCN Red Lligpographic features of the areas (forests on slopes,
of Threatened Species, 581 marine arthropod speciesests and summits) which have limited the expansion
more than 450 cnidaria and 24 marine mammals) (IlU®@RNagricultural and the exploitation of forest and thanks

JUVSEC &} peU D C}SS U TiideX to local beliefs (Ziyaras: holy lands inhabited by the

D C}33 [+ (0}E ] v}S A voC ]*SE]ildve W F%o]=X dZt v SPE o o v (}E -
U}E SZ v i 9 ]e (Juv Jv }voC i1 9 }(BAUENS D &S EE)AEHCK E % E « vie |
The existing flora is therefore not very representatve & EE *SE] o o v « ]Jv D C}588 ~i9 }
the actual natural heritage which the island could haveiiTe X /v ]8]}vU §Z E €& 000 Z § &

v AZ § E u ]Jve ]* Z]PZ0oC S8ZE § VThe Aoy8sIs hasE five dypasxof vegetation: dry forests
The large wealth of Mayotte’s flora is shown by thand underbrush, mainly on the small islets (such as the
high number of native species versus its land surfabkational Nature Reserve of Mbouzi), the summits and
(Mayotte: 171 native species/100 km?, Maurice: 37/10peak domes; the mesophile forests on the West and
lugV Z pv]}vW idliil lugeX }E ]\6ButB pf the iisland; the wet forests above 300 meters
there are 1,317 plant species of which 767 are native( 038]3pn V §8Z /A& E}rep ulvs v (1} E *S

v fAfdil & E}S] X Uu}vP 8Z <% JofNbnthaChalihgi addEséc8rmgry forests mainly hosting

v u] 8} 8Z Jeo v X E}S] *% ] X dZ ui}E]SC }(SZ 3§ EC
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tree formation which present little diversity or originality Red list of threatened species of the Vascular Flora
in its composition and is interspaced with cultivatedf Mayotte

E « v (00}Aov X dzZ e« (}JEuU 3])IvMaydite, 7t oftBe 6@ &va)fated indigenous vascular
recurrent human activities such as fires, scrub clearing®oo v8 *% ] U o671 9 }( §Z S§SZE S v

E} % V }veSEQU 8]}v ~ }lpoo § Sspechkd) fdli imithe folldndng catefjories: CR (36 species),
" s]e €& JU 1ii1V /h EU D C}S8S [+ (OEE0iv (}&heSiotOe ~&]PUE iieX

SZE S v Z &]S P U TiiieX ] 8 ISome exaréple} yFigure 11) include:

Mayotte vegetation, flora and protected species andAdansonia madagascariend#alvaceae) anéoetidia
areas can be found in the following references: PascalmorensigLecythidaceae); CR

§ oX ~Tiii*U Z}oo v 7 Z}oo v ~TiiirAaperziaE pldegmdria@Hupetkiaceae) andAloe
(2006), Barthelat (2007), Fadul (2010, 2011), AmannratayottensigAsparagaceae); EN
oX ~TiifieU "n]}s ~TiiieX rVanilla humblot{iOrchidaceae); 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 }i 8]A « }(8Z E 8]}vo"SE S PC (JE
Today, in Reunion Island, the flora is extremely threaten2820 and, at the international level, the Convention
(Conservatoire Botanique National de Mascarin, 200Fy ]}o}P] o JA E+]8C ~"3E 3§ P] 1}

E & 3§ oXU 1iiTeX & JVP 5Z]e *]31A 1}%d%o & B+ uEV 0 D C}$S U Tiioe

Jve] & e v3] 0 8§} A]e v ES Jeo v rA]

*SE 5 PC (}E& 8Z }ve EA 3]}v }( *%o Piotected ai2as]s S« X /v

this respect, Reunion Island constitutes an ideal grouhd Reunion all types of vegetation are present in the

for the study, experimentation and dissemination o SA}E! }( v SUE 0 % E}S 3§ E X dZ
usz} e+ v 38}}oe (JE 3Z % E}3 3]3Natighal ParkAcoE eféaC X054 km2, which correspond
dZ ~8EE § P] Z pv]lvv ]* %}uE o038} 1718 E(C]8Z_ }YZve <pE( V &]PpE
TIITriing Je %o %o} E S C +*SE}VP %E}SI8E 0ZP4AEEV v § VP ASrW poU &
body whose mission is to ensure a political support forj}o}P] o Z « A «U ep Z - IME 1 E
programmed actions and to verify that the protectiorsites belonging to the Conservatoire du Littoral/Coastal

}( 1} JA E<]SC ] A oo Jvd PE §  Fsoteotion Agknoy and*d WarfiePNature Reserve of 35
E pv]ivv ] %}UE o 1} JA E+]3 UUuidKOIUZASED R (}E 32 WE}S 3]}v }(
Jve EA §]}v o0 (o}E& § ¢ Z ]5 8e Protectioch gevBiotopé and Sensitive Natural Areas/
In Mayotte, most terrestrial natural habitats areEspaces Naturels Sensibles (ENS) are other protection
fragmented and, compared to other overseas territoriesy spu@E « $Z § Z A v uv. ES I v Jv Z |
}voC (A}(3Zu E pv E o P o %EIL}ISIIVUBISHEI NS 18 Z}A A E |- 82
The French IUCN Committee has been involved iv'= Z u% E3$+[U AZ] Z (}EuU &1 9 }( 8Z
D C}SS «]v 1iitX D C}88 Z - v U protéetet End has@Beea registered on the list of the
e]Jv i60iU v u KD Jv 1iiiX dAE YuK]$EO0O , E]S P ]88 « Jv TiiiX
proposed its expertise to the local stakeholders to guidgeing fully aware of the wealth of the nature on the
them towards the adoption of a territorial strategy folisland and the multiple threats that it faces, the local
the protection of the biodiversity, an important locablayers have implemented efficient tools for preserving

Z E]S P X D C}SS Z e« SZu- Ju &#Ad eah@neigg Yiis @que environment, among them
collectivity to develop its strategy for the conservatiohlational Action Plans (NAPs) for the protection of

v A 0o}E]e 8]}v }( 18+ ]} ]A E-]3CEndadgereds Speuiess «cadnpaigns for combating and

Figure 12: The protected areas
in Reunion and Mayotte
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control alien invasive species or for increasing the valu& § r}Av % % ESU v3 0 (}JE +S<X d
}( o} 0 % E(pu U E}lu §] v u ] }he dashorefugés Xvhere natural forest formations are

/v D C}88 }voC iXT 9 }( §Z § (E@EJWHEMKOIch @e edptjghalSsand unique in terms of
(National Nature Reserve of 82 ha created in 2007), biodiversity (ecosystems), as well as in their structure
8Z eu 00 /e0 Vv }( D[ IUIIX /( 8Z]+ 3}F}CE]*S Joi8 W ee AJ&EPPUCE i7¢X E §]}v o
the properties acquired by the Conservatoire du Littor&,000 ha of forests (see below) and two Decrees for the
~fUo6iI1 Z U SZ % E}S § & - ZWE}S08}18 W 9N} % ol EE!S - WE}S
§Z S EE|S}ECX /S «Z}po SZ&E SO % E}icl]&E X(}E S

E « EA +_ ~fUAIT Z U iA 9 }( 8Z 8§ EE]S}EC. AZz] z &

Case studies
A restoration program in Reunion Island The restoration and reconstitution processes were as

dz ]85 }( NNE v Z 0}u% [ ~ThAi1 Zollowps }v }( §Z
ultimate remnants of xerophilous forest of the island, collecting of about 300 000 seeds (2010/11) in the
A13Z 17 % E}S 3 %0 VS *% | *X dZfield}jsCe3 ue Z A
% u P C (& % ]}0}P] o {vderniihatiod amdZcultivation in private nurseries for 6

% E}PE u ~>/& = KZy ZhEe« A « }(]wonths (2011),5Z
European Commission and led by the National Parkeofplantation of 100 000 plants of 50 indigenous and
Reunion Island, with the help of the Coastal Protection endemic species in 2012/13 for restoration of 30 ha
Agency, the Directorate for Environment, Development v & }ve3]3us]}v }( 8 Z U A]S$Z u v F
and Housing (DEAL), the Regional Council and the JVA ¢]A +% ] *X

v & 0 }uv ]o }( > Z pv]}lv ~&]Pu®&IZiie® }ve3]SusS]tv }v %0 § U Z %o% V
A high diversity of habitats characterize the Granderm of 2012 with introduction of 30 000 plants of 50

Z 0} %o E ~&|PUE 10X dZ ped@ssAEB00 pldts of 208m2, with a density of 2 to 4
the restoration of 30 ha of forests on slopes and th&oo vSelug v i 8} i J(( & vS *% ] *
E }veS]SusS]iv }( 6 Z }v %0 § puX

Figure 13: The restoration
% E}i S }( MNE vV Z 0}Uu%o _
in Reunion Island
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Figure 14:The high diversity
}( Z2 18 8 Jv 8§z NE
Chaloupe” area

Figure 15: The planting of CR
threatened species in March
Tiin ]Jv ME v Z 0} %o

Figure 15 shows the planting of CR threatened speclgure 16 shows the favorable evolution of plants
in March 2012, with examples dRuizia cordata introduced in 2012 with examples of Dombeya
(Malvaceae)Rolyscias cutispongfAraliaceae)tillingia acutangulaand Abutilon exstipulardMalvaceae), and
lineata (Euphorbiaceae) andPoupartia borbonica }SZ & <% ] *X

~v & ] X dZ v £33 %Z « U >](=&}E!S« ZUA-]v
The second step of plantations happened in 2013 a plantation program of 80 000 additional trees by 2020 to
~61 111 %0 v3eeX 00}A 8Z +% 0]*Zuvs v A 0}%u v3 }(
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Figure 16: The favorable
evolution of plants introduced

Jv 11i7 Jv M E v Z 0}u%o _
hoSJu S oCU v ]Jv & SpEvVvU §Z ICOnserdaiién YoSPK) iS ehdared in France by wor,k
help disseminate a methodology and interventioruv ES | v C upoS]% o0 S}E*X dA}

procedures in other areas of the Mascarenes, allowimpgrticularly active and committed: the network of
to increase knowledge around this under studied habit&tational Botanical Conservatories (Conservatoires
and to raise awareness of the needs to preserve tHotaniques Nationaux/CBN) and the network of Botanic
(E PlJo v ] }v] }eCeS uX "E veX

A project of protected area in Mayotte The National Botanical Conservatories (Conservatoires
The project for the creation of a new National Natur8otaniques Nationaux/CBN)
Reserve in Mayotte aims at preserving 3,000 ha of forests

~ X 09 }(DCGC}33 euyE( 3238 E °+pi 838} PEIAJVP

VEZE}%}P V] %oE eepE& ¢« Vv Ju% S ~&]PuE i6+X dZ
reserve will cover 6 areas of State and Departmental

(JE 3+ }v 8Z Jeo v X dZ]e E « EA % E}i 35U o} 3§ }v
hotspot of terrestrial biodiversity, is supported by the The National Botanical Conservatories
Ministry of Ecological and Inclusive Transition since 208&nefit from legislative recognition since the law on the

v o uv Z A]sz §z % ESu vsS o dationdl@coh(miEmént o8 the environment known as the
It is also supported by the French committee of the @ v oo // o A A+« v & }v :poC iTU Tiii;
International Union for the Conservation of Nature (IUCN)issions of knowledge of the state and the evolution of
which had alerted, last May, on the state of mangrove$Z A]Jo (o}E v vSuE o v e ujrv s
Nv  E]S] o VP E_X dZ v A E §]liflentficdfors pl codservéEoh of rare and endangered
will be added to the management plan for sensitivlora and habitats, scientific and technical competitions
natural areas and to the ecological coherence scheméth public authorities (State, local authorities) and

}( D C}88 X 0 *¢](] S1}v }( 83Z o Bjtw]es AhE ¢ X dZ C % E3] 1% 3 v

t}Eo , ]S P ]* 0°¢} %0 Vv ~  &pd impldrdehtanoruofuiidNational Inventory of Natural
T1ioeX , E]IS P ~/EWE*X ¢ % E&S }( SZ ]E %op
and based on their field inventory work, they prioritize the
Key actors of the conservation conservation of rare or endangered species in their territory

The implementation of the Global Strategy for Plant( %o % E}A 0X /V sp%e %} ES }( $Z]« *3E §
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v e ECU - vie v }ve EA S}EC }oo §]}veX dZ C

carry out their conservation actions in partnership with

VUU E}pe JveS]SuS]iv o }JE ¢} ] 8§ SEU SUE X

The National Botanical Conservatories are today major

tools for the implementation of State policy in the The Conservatoire Botanique National de

framework of international conventions, Europeama; is a public, scientific and technical establishment,
directives, national legislation, for the knowledge and & V DOAX /& (JE+S ulee]}v ]+ &}

% E}S S]}v }( Ao (0}E v (MY Ve ¥ GHEIR &.JES Pt £2 t .5 J(&E v X
The network of CBN employs over 300 people angl . | s Ive EA 3]}V %o E}i & Jv }8Z E
includes eleven structures approved by the Ministry iftjs ot only involved in the rescue of plant species that
charge of nature protection: ten in Metropolitan Franc%lre endangered in the wild, but also in the preservation
. “ e enag v > °
v v (JE& Z uv]jvU D C}SS v SZ %osoa(éé-/]'\S’ ¥7%E v suE o VvA]E}vu -
Two conservatories are currently preparing an applicatig,qjved in the conservation of endangered plant

for approval in the West Indies and two further projeCt§pecies of the overseas islands (Reunion, Guadeloupe,

are under development, one in French‘Guiana and ons s v]<y Vv W}OCy *] X /8§ Z + o

(}E& (noo P }PE %Z] o }A &P ]Jv L%ﬁég'r%%ion' 2cfbrs $ofEeldanbered and protected
*% ] °* }( &E Vv Z 'u] v X &UESZ EuUulE
actions include the conservation of threatened plants of
some oceanic islands (Mascarenes, Madagascar, Haiti
v §Z E] VeX o v & ]8 v
botanique, it also participates in the implementation of

The Conservatoire Botanique Nationak $]}v o ]} JA E+]SC %}0] ] *X
De E]v ~&]PPE i6U & 8§ ]Jv i660 Jv Z pv]}v

Island, conducts missions of knowledge, conservatigihe network of French Botanic Gardens

and expertise on wild flora, vegetation and natural

Z 18 8+X hv8]o i660U 8Z wu]v P} o }( ED A .

primarily focused on ex sitonservation; the cultivation

and the propagation of rare and threatened plants

endemic to Reunion and of the other Mascarene Islands

~vuoC D pE]sjps v Z} E]JPp e v D Pp §&X%}0]8 Vv &E v ]Jv op =

Now, The Conservatory is becoming more involve@rdens, a mosaic of structures of different statutes:

in the management and monitoring of species angniversity botanic gardens, national or municipal gardens,

populations in their natural habitats, including the StUdMonservatoires botaniques, associative or private
and control of invasive plants, which are recognized 3 & veX dZ }o +§ &E v Z }§v] P &E

one of the major threats to island native floras, and arey D}v&% oo] € ]Jv iAi6dX dZ » }& v] P
o} }( PE}A]JVP Juk}ES v (EEsitu}sSyEHP RIEE WX v §]}v 0 % E}( *+]}v o v §
propagation‘isconsidered as the last lifebuoy of a specigs;, €& §z Ple }( o PooC E }Pv]i
v 82 A EP }( AES]V SJ}Vv ~ ¢ <U}See} @ v A S S2XWWXo v p% ]v 1680 §)
Galland Who founded the network of National Botanic@ly the botanic gardens in Francophone countries and
}ve A S}E] ¢ Jv &E v ]v i00dituU (& vIAS}H@0(}®: E Jve }8 v]cp o &E v
conservation programs (reintroduction, population(@E v }%Z}v ¢ X KA Ee+ U ]§ ]v op =« §7
reinforcemgznt in the wild, habitat restoration) (The D « @E]vU Jv Z pv]}v /e0o v X /8§« v §A]
tve &A S}HE }S vl<p E S]}v o DA oEE]VEIVIIZX v 3]}v o § EEJSIECU
The Conservatoire Botanique National de MascarinBgiropean countries such as Switzerland, Luxembourg
currently the only conservatory in the French ODCT agfld Belgium, in the Caribbean and also in the Southern
hasbecom‘eakeyplayeronthemajorissuesofbiodivers'gyu].%oz E ]JvD P+ GU VPO V s
tve €A S]}v SZEIUPZIUS SZ "PUSZIY v/ [A & TV u E-X
The National agreement has been delivered for Reunighese structures participate, each in their own way, in
/o v ]Jv iodi v (}& D C}SS %o Oprogrants fir thd ¥oridéMation of plant diversity through
research projects, integrated conservation, education,

97



as well as in raising public awareness of the need lemd policy to safeguard the coastal areas and the respect
preserve biodiversity and the sustainable managemeif &€ v SU®& o ¢]8 « v §Z ]JE& }o}P] o
}E JHE  }( SZ %0 v SX dZ  «eJhe Stlions |a¥e %ohaustedSatcording to 3 areas of
creation or evolution of botanic gardens and organizastervention:
scientific and technical training sessions each year Maintain large natural landscape,
bringing together the different actors working in these Protect coastal ecosystems with strong ecological
JveS]Sus]lveX interest,
After almost 40 years of existence and 30 accredited Welcome the public to the sites to discover and
gardens, the association pursues its primary mission: raise awareness on the challenges of preserving the
to promote the perpetuation and creation of plant v SUE& o v HoOSUuE o Z E]JS P X
}oo 8]}veX /8§ vepE « 3Z o]vl SA v ]3euu E-U AJ5Z
varied statutes but animated by the same will, that ofFhe aim is to protect a third of the coastline of
growing and supplying botanical knowledge for purpos#éetropolitan and Overseas France by 2050, including,
}( ] vs8](] &+ & ZU }ve EA 3]ivaddition touthe JGankervatoire sites, the coastline
The association is represented in major Europeamotected by national parks, nature reserves, listed
and International bodies mobilizing botanic gardenZ E]5 P «]8 eU 5 § r}Av  (}JE +8¢ v
for the conservation of biodiversity and education forE ¢« ~W&E}S $§ E ]Jv &E v U TiiTe)
epned Jv o A 0}%u v3§X AMv  id6AU §Z }jve EA S}JE pup >]83}
vulnerable and threatened coastal and lakeshore areas to
The Directions régionales de [I'Environnement, de/ep®& SZ JE % EuU v VS % E}S S]lvX d
'’Aménagement et du Logement (DEAL) and the Frepadiicy aims at safeguarding natural areas of ecological
National Action Plans (PNA/NAPSs) and landscape value on the coastline and lakeshores,
AZ]o VeHE]VP %o pn 0] eeX dZ o
u] oCU C % & r u%s]}vUu v }voC ]v
C A %E}%R E] S]}vX Kv Jv }E%}E S
Ju JvU 18 Ju e« AJESH 00C Jv o] v o0
Numerous planning operations aimed at receiving
National Action Plans are guidancisitors and restoring natural habitats, as well as daily
documents aimed at defining the actions necessary féfanagement interventions, are performed in order
the conservation and restoration of the most endangerel® restore often degraded ecosystems and to regulate

animal and plant species in order to ensure their goo#o it 0] Ale]8¢ v pe X
8 }( }ve A 3]}vX dZ (]E-3 %epved by the Br@sﬁyb&a@onal Trust, the Conservatoire
SA v 1iit v TiiAX dZ ¢ & o} oodtorplgets ypgnanagement partnerships, primarily
C 8z ]JE &§]}ve E P]}v o o o [ Witk ]lgeal coromyrgitigs, to promote a local sense of
ofuv Puvs § u >}P uvsd ~ > AHANVEZZI% M SZ ]S <X d} QU v EoC
Island, the DEAL Reunion coordinates the following fat#astline (1,450 km 203,645 ha, 750 sites) are protected
action plans: Hv & 8Z]e *C+3 u ~ }ve EA S}JE u 0]8

{ WE Z }]- % }]AE [ r Zanthoxylum heterbpReimiofEIsjand, the Conservatoire du littoral currently
{ WE Z}]- % %o C [ r Polyscias aemlllguiﬂi@&@%RW sites with a total area of approximately 1,713
{ WE Z }]* ov E}uP [ r Poupartia borboicaCRE S & <% & YA €& 8Z Vv3]E |}
{ WE Z}]- « v3 WE o v [ r Ruizia cor@asakg sites, but the management is carried out by
partners, primarily local authorities, or other structures
The Conservatoire du Littoral ~ ¢} ] S]}veU E& U W EI-U KE &"U 3§
M o]SS}E o 0 Z pv]ivU TiioeX
In Mayotte, the Conservatoire du littoral permanently
The Conservatoire du thtoralpr(;teqc;s 1, 7OiheccEtares of Wood.y, sar.lo)lz/ oIrDrocky s;ores
(Coastal Protection Agency) is a unique admlnlstratlve°° } (J(s v +]s VG IS S
%ol 0] JveS]Susllv E & v |o o A eC|es ndérem glg ecosystems are thus preserved:
H H ur %E,Vlai(es mangroves, islets, dry

cul*]3]Iv vV % E}S 3]Iv }( ?éhe r 882

is to conduct, in partnership with the local authorltles
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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 Protectiohii A]3Z ]3¢ *% ](] %0 v3 }oo 3§]}ve ~
Pv Cl]lvDG C}SS v Z uv]}lv /0 v *Rne five most threatened or important ecosystems of
the archipelago (humid forest, dry forest, mine maquis,
The Muséum National d Histoire Naturelle (MNHN) savanna and mangrove) have been reconstituted and
vZ v C v }JE]P]Jv o ¢ VIPE %ZCX
example is the Great Greenhouse of the renovated
Parc zoologique de Paris (reopened in 2014) in which
§Z SuU}e%Z & ~%0 vSe Vv v]iu o }
Amazonian and Malagasy tropical rainforests has been

dz Due pu v 8]}v o [(F]-88]@® ~<}}o}P] o W EI }( W E]U T

naturelle has a long tradition of overseas research in

all areas of its statutory missions (collections, research, The threatened flora of Mayotte and Reunion

§ Z]JvPU Jee u]v 81}VU AE% ES3]- lslandsanexDsite gollecdons, botanical gardens and
representatives in French Guiana and Reunion Islagged banks

but it is also involved in all overseas collectivities whek@ order to be in line with GSPC target 8, France should

it initiates and performs many studies, in particularJu S }ve EA]JVP 5 0 3 60/ 9 }( 8Z 8

Jv 32 (1 o }( 1} ]JA E-]3C ]JvA vijiaMayore sgrddReun®nul@aodsem situcollections,
Reunion and Mayotte are home of a vast array of studibstanic gardens and seed banks, preferably in the
Hv ES 1 v C S8Z Dpe pufe » ] v8]eSe MVSARs EStERPdwSY u |l puE SZ S
inventories and taxonomy, islands hygrophilous habitatsA Jo o (}E& & }A €EC v E S} E S]}v
phototrophic microorganisms and new cyanobacterié first census of these threatened taxa with IUCN Status
in volcanic areas, interactions between ecology andEU ZU y tU Z }ve E éx sitdoollectiohpy 0
VEZE}% }0o}PCU § XX has been made using the BGCI PlantSearch Database

i

Iv 3Z (1 o }( A% ]3]}veU ~> Wo2ZbE% W IAAAAXIRUE}EPI%o0 vize E Z

Planet Reviewed” is a major exploration programme offp@E « }( Jv(}Eu S]}vX 1i § /£ ]Jv SZ »
the natural world aiming at acquiring new knowledge if}puv Jv D C}88 v 0i ]Jv Z pv]}vX d o
the regions of the planet with the greatest biodiversitygontribution of the French Botanic Gardens and National
us Az1z z A E ulv o EP oC |Confemnatofias, axnoggd@hem zome that have not yet
'ul v A« Ale]8 v TiidariiinA v E Abeeromepntignedin this article (Conservatoire botanique
TiiorfiioX et jardins botaniques de Nancy, Jardin botanique de la
Initiatives for raising awareness on the biodiversity #flle de Lyon, Jardin botanique de la ville de Paris, Jardin
other French ODCT and on the threats they face includ¢ S v]<p o Aloo NSE ¢ JUEPX
the establishment of the New Caledonian greenhouse Tle census has also been made for threatened taxa
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Al$zZ /h E ~§ Spe EU ZU vy tU Z RdBJayoile Quj 6f571 threatened species evaluated with
Reunion conserved in internatior situcollections (38 /h E ~§ Spue EU ZU y tU Z U 61 ~Ad6 9
S £ (J& DC}SS v 00 (}& Z pv]lwnetsituviop S{XvdZ&E v Z v ]JvsS EvV §
results are presented in Tables 3 and 4 respectively folE v}S E % E * vS X

Mayotte and Reunion, showing the largest contributiorSor Reunion out of 216 threatened species evaluated with

for some botanic gardens in Europe (Kew, Edinburghh E ~§ Sue EU ZU y tU Z U iii ~A7 9
Meise), North America (Bishop Museum, Marie Sellig,ex situ collections (French and international) and 104

S0 v8 U ¢] ~"]JVP %}E ¢ v UeSE@B] VIS v CX

> «350C §Z SZE S v § £ ~/h E ~3%hé pesults Of the &engus tdrried out for both French
RE) of these two French Overseas Departments r@verseas Departments are encouraging with more
represented in ex sitgollections are shown in Table Shan half of the threatened evaluated species currently
~16 (}J& D C}88 v iid (}E& Z pv]}vednserved ex situx us 8z« $ A& Z A

Table 2: Census of threatened

taxa of Mayotte and Reunion in
Frenchex situ collections (IUCN

S Sus EU ZU vy tU Z »

Table 3: Census of threatened

taxa of Mayotte in International

ex situcollections (IUCN status
EU ZU vy tU Z »
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E % E » v3 3]}vX ~lu 8§ £ E (E %pBIFOE %@ = vIS]C $Z v A op § ]Jv §
different Conservatoires or Jardins botaniques, whereasis shows that the objectives are not yet achieved and
other species are only represented by a small numberthiat there are efforts still to be made, at least by 2020,
even a single accession (data has been obtained butdsachieve the conservation of these sensitive species
v}S ¢Z}Av Jv 8Z 8§ 0 e*X &UESZ EJpE U 3Z 3% JE VERE]S}IEC }( JE]P]VvX
of availability of these taxa for recovery and restoration

CONCLUSION

As a response to its international commitments tay euE ¢ Vv §]}v %00 veX dZ E ] *8
safeguard and preserve plant biodiversity, France his progress with respect to the challenging extent and
developed a series of appropriate structures, toolsariety of France Overseas Departments, Countries and

Table 4: Census of threatened

taxa of Reunion in International

ex situcollections (IUCN status
EU ZU vy tU Z »

Table 5: Census of threatened

taxa of Mayotte and
Reunion not represented in
Internationakex situcollections

~/h E «§ Spe EU ZU
RE)
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Territories, but different schemes are being deployebeing developed between Metropolitan and Overseas
gradually outside Metropolitan France to safeguardthei@ & v Z }S v] P E veX

1} 1A E-]5CX Lastly, with the launch of the French Agency for
Progress is still slow but steady, from the launch of thgiodiversity in 2017, which now groups four previous
French National Biodiversity Strategy in 2011 to thegencies, the Agency of marine protected areas, the
elaboration of Regional Biodiversity Strategies, as Tachnical workshop of the natural spaces, the National
Reunion and Mayotte, to the extension of the networbkffice of water and aquatic environments and the French
of protected areas and to the inventory of species witNational parks, a new impetus has been given to allow
SZE S v 8 3SueX the implementation of the different strategies and action
With regard to the deployment of in siandex situ % 0 veX
measures concerning overseas rare and threatendd for the ODCT, the French Agency for Biodiversity
species, two new Conservatoires Botaniques Nationa{#B) is building partnerships with local authorities and
are in the pipeline in Guadeloupe and Martinique; theyS | Z}o @&+ Jv JE & S} Ju% 0 u vS ]S«
will join in the work with the first overseas ConservatoirBFB wants to mobilize and federate all the stakeholders
Botaniqgue National de Mascarin in Reunion Islandgting for the biodiversity in the French ODCT around

E § JvieooX dzZ : & v SA}EI ]« 4 whmmonsprojacto jéeoheiing preservation of these
concerted actions for thex situconservation of species exceptional reservoirs of biodiversity and endogenous
listed in the appendices to the international conventions A 0}%u v3 }( §Z Zpu v §]A]8] « ~ P
and not yet or insufficiently represented in the ex sit#o }U@E o ]} JA E+]3 U TiideX

}Joo §]}ve & Po} o o A oX dAJvVv]VP % E}PE us E o0°}
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LIVING COLLECTIONS OF TROPICAL PLANTS
AS NATIONAL HERITAGE COLLECTIONS OF UKRAINE

>zh Dz> hohle Z/E ' | 2D« ,E Z/z WZK<KW/s

+DXDX "€&C-+ZI} E S]}v o }Sv] "®& vU E S]}v o uC }(~1v }(hlIE ]Jv I
iU dCuC@E] | Asl A"SEXU <CJAU iiiidU hlE ]v

gKXsX &}ulv }8§v] 'E vU d E +~Z A Z vl} E 3]}vo hv]A E+]SC }( <CJAU
u}svl] '"E® v}3I(/Av &E vi} E §]}v o hv]A E-]3C }( >AJAU 88U Z E u+ZCyv
Z HCuv>v PXI] AXp

ABSTRACT

Ex situconservation of tropical plants threatened with extinction within their native ranges is one of the highest
% E]}E]S] ¢« }v 8Z &+ € Z Pv (}& 82 }Sv] P & ve }( hlE Jv X dZz

Z A v HUMO & § §Z KXsX &}u]v }8v] 'E vU 8Z }8v] "@E v }( /.
>AJA v §8Z DXDX '"EC+ZI} E 8]}vo }3v] "E Vv }I(E?*}I hIE]v ~E "X
, ]S P }oo S§]}ve }( hlIE ]Jv X

Since the publication of the Global Strategy for Plant Conservation (GSPC) in 2002, this strategy has been implemer
at the botanic gardens of Ukraine with a particular focus on Target 8 (ex situ conservation), which proposes that by 20:
§ 0 3 09 }( SZE 3V %0 V3 *%ex]siuA}loo S]PvEUs w3 §Z § 5 0 3 119 A]
(JE E }AEC v E *3}E 3]}V %o E}PE usX dZ E (}JE U 18 A+ Juk}ES v 3}
collections of tropical plants maintained at various botanic gardens focusing on the main plant groups that are of th
highest priority for ex situ  }ve EA 3]}vX &] 0 A% ]8]}ve Jv 8E}%] o E P]}ve }( §Z

Rica, South Africa, Reunion) were undertaken to assess the main threats to tropical plants and to prioritize the pla
PE}Uu%e S} 8Z u v (} p (JE Jvr %S3Z JvA «3]P 3]}ve Ju § o}vPrs GEu }v
Current research activities at our botanic gardens are focused on the following issues: studies of development:
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 propagatio
% E} HE X d} S U uvC v 3]A }E Z] % ] (E}u "}uSZr 5 ] v "}y
§Z E ' SZE}UPZ <Cu ]}S8] - P Gu]v 8]}v v S8leeny HOSUE %oE&} HE <
Z o (} U I}V % E 8] 0 % &} MWE « (}E P Vv vl «S}E P }(}E Z] %}oo0]Vv]

Plant exhibitions created at the botanic gardens of Ukraine highlight the diversity of tropical plants, their uniqueness
§Z %0 V§ %S S]}ve 8§} §Z }o}P] o }v ]8]}ve }( §Z SE}%] o (}& +SU

education in issues connected with global climate changes and the urgent necessity of conserving species that supp
ZUu v v <+ v A oor JvP A}Eo A] X &]v ooCU 0]A]JvP %o v3 }oo &]}ve @
JA E+ ] v3](] U }ve EA 3]}v vV H 3]}V 0 %o E}i <X

KEYWORDS
Global Strategy For Plant Conservation, Botanic GamesstiConservation Approach, Cycads, Orchids, Succulents

INTRODUCTION
The problem of biodiversity conservation of tropical florasignificant threat processes comprise land conversion
with global ecological, economic and social importanc®, agriculture and aquaculture, biological invasions,
has already exceeded the boundaries of individudle unsustainable collection of biological resources for
JUVSE] X dE}%] o0 }*Ce3 ue E hdHicutuR] trade aQd (il/ai® omamental collections
V Ju% e up Z }(3Z 1} ]JA E+]3C }v~'YES® ZM}8ZJoXUoXiBieX d} S U % ] »
118X ,}JA A EU E %] o0}es « v o @eadisdppearitgiapaFidatly}dccelerated rate as a result
natural habitats in the tropics are causing drastic decline$ habitat loss, fragmentation, and isolation of suitable
and extinctions of native biotas, including angiospernmabitat, as well as competition from invasive plant
~"} ZJU 11106X /8 Z » Vo ee e €% S] $Z"'WEE&E vS § oXU TiideX
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Successful conservation actions require joint efforend, consequently, are less severely affected by localized
of scientists at the local, national, regional, andZ & &§¢X Kv §Z }8Z & Z v U @&pnuu]sSs
Jvd Ev 8]}v o 0 A o ~tCe : le}v ~ dug§ested thavotberifacterX contributing to the marked
The importance of ex sitplant conservation approach contrast in proportions of threatened species between
has long been recognized and widely discussed globadignperate and tropical regions may include the greater
~D uyv E § oXU 1iiiV 'y EE vE SEXU(IibdaV }WAVEH}V } PEE]VP Jv §7
§ oXU TiifdeX }5v] P & ve Z A Slferesigly, om§ of theg¥ situ protocols about
main places for tropical plants research, horticulture arghmpling procedures, gene bank standards and storage
M S]}vX KE]P]v ooCU « ] v8](] EtechniBuesWeré prepatepiwsthevagricultural sector and
horticulture of many plant groups derived from tropicathen adapted by the wild plant sector, predominantly by
JJu e« A E ]Jve3]P & C }Sv] P ESvw]~B}E MEHs}o]eU 7iio X
, VE]<H U % E]3}r~ v3IU 1iiiV IilUKRiIne, te lossabid drosiow of biodiversity and urgent
W @Ee+v 3§ oXU TiideX }8 v] P Eneacrto hundlEthe ptabders Hf climate change has led
diversity ex situand can prevent extinction throughto increased governmental interest in issues related to
]Jvs PE § }Jve EA 3]}v S13IvX /v %o0]¥3}vl) 1A3EF]SC A}Eo0o A] X JA E-
gardens are the best places to raise public awarenga®tection of rare species are carried out at our Botanic
}us  Yve EA 3]}v v 1} 1A E]SX Et]¥ZA]DFu(B pe » }v A E]}pe %0 vE P
change,ex situ conservation is becoming importanft the present time, the most numerous living plant
§} 3}E %0 v3 ]} JA E<]SC ~ }v 0 FOQUSi}ivdeX Ae A v HUpO § § KXsX
% }]vs IuS C u vC USZ}Ee ~'CE]((]GadeB, TarddJShevdhénkd Natidshal University of Kyiv,
2013; Volis, 2017a, b), the fundamental contribution dotanic Garden of lvan Franko Lviv National University
botanic gardens in biodiversity conservation remainsv DXDX '"EBCe<ZI} E 8§]}v o }S v] ' E
through the cultivation of living plant collections ofhem have the status of National Heritage Collections of
critically endangered species or species extinct in wildlE Jv X dZ o0]*S }( E §]}v o, E]S P
Az] z vv}s Jve EA § Z E} u P Z mostimpgreant Sdienge and arts collections, is designated
VIJVP % E}3} }oeX E A ESZ o0 «+U by relevant%inisvids ahd agesdi¢sy and approved by the
in botanic gardens are underutilized worldwide resource ]Jv 8§ }( D]v]*s &« }( hlE& ]Jv X
(JE %0 v3 }ve EA §]}v ~ ] E] vr: M®uujardens Beloagtoidifferext agencies: Gardens of Lviv
In general, it has been estimated that species fromnd Kyiv Universities belong to the Ministry of Education
tropical regions are about twice as likely to bev " ] v }( hIE Jv U AZ]Jo DXDX 'CE(
threatened, compared with species from temperat&arden belongs to the National Academy of Sciences
E P]}ve ~ Epuuldd 3 oXU TiifieX HZIPI @ JEX%REVACESZ 0 ++U A A}EI A
be partly explained by the fact that many temperatplant conservation network with specific conservation
*% ]+ ZA Vv 3EUE 00C 0 EP E EWE ]3I E])SY AXveU i600-

MATERIAL AND METHODS
We focus our research on the three collections dfiving plant collections of tropical plants were
tropical plants accumulated in three botanic gardenplenished and managed taking into consideration the
}( hlIE Jv U 8§8Z KXsX &lu]v }§ vinterhatBnavpdoritiesdh the Garden’s policy of collection
Shevchenko National University, the Botanic Garden ddvelopment as outlined in the International Agenda for
/A v &E vI} E §]}v o hv]A E-+]3C }BotshitSarden i§ BlantIC¥ri3eétvation, Global Strategy for
Gryshko National Botanic Garden, National Acaderiant Conservation (2010) and CITES Orchid Checklists
of Science of Ukraine, in order to discuss how botanieZ} &8¢ § oXU id6AU i6606U TiiiVv "
gardens in Ukraine contribute to achieving target 8 of theldfield, McGough, 2007); CITES Cactaceae Checklist
'0} 0 "3E § PG (}& Wo v3 }ve EA-SIMEU-TiITioXXsdZ]}E'[+ }oo &]}v }( &
databases available for searching collections of livin@gs registered at the Administrative Organ of CITES
plants and confirming taxonomic identity have beejv hlI@E Jv ~D]v]*S$EC }( VvA]E}vu vsU
He U XPX t}Eo Z l0]*8 }( KE Z]0did!liBIJAITESe & U 111dX dZ ] *C
oXU TiiéeU /v8 EvV S]}v o Wo vS Egermination Adhnigués aidtisssie culture procedures
>]eSU SZ /h E Z >]8 ~/h EU Tii7eXincluding cryopreservation of orchid pollinia and seeds)
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(JE 8Z % E}% P 3]}v v o0}vPr§  uall weshazehuseil}tie Jdatsom ecsdlogical requirements of
from various angiosperm families both in in vitro culturparticular species known from literature sources, as well

V HV E Po eeZ}ue }v 18]}ve Z Ae 3Zv e (XE}u }JHE }Av (Jo } e« EA §
Development of propagation methods for numeroupapers and comprehensive monographs, published
species of tropical orchids in the NBG was preceded & v30C ~ ] U i666U A EC v}A 3§ o
o}vPr$ GEu } « EA 3§]}ve v ] § theSprefise pataSah p@logical requirements of many
reproductive biology (duration of anthesis, terms of E Z] *% ] *U % ES] o EoCU 0] %o %o
%}oo]v §]}v }( (0}A E-U v pE 3§]}We fieldEepjaditiors ikEtrddigal sr¥gions of the world
To assess the effect of breeding systems on fruit sets] Sv uU D P « @E&U }¢8 rZ] U ~}usz
and seeds viability, of orchids in particular, artificialere undertaken to study the ecological preferences of

e 0(r%}oo]v §]}v ~Jv M US}P uC e vavious @ant (Jpdcies afid lte «assess the main threats to
pollination (induced xenogamy) treatments werdropical plants and to prioritize the plant groups to be the
% E(}EU ~ (v]U i667X ulv (} pue JE Vv Jvr %3Z JvA «3]P §]}v

To achieve successful acclimatization of orchid plants, time conservation undegx situ }v ]8]}veX

tried to meet ecological requirements of each speci@#arious strategies for conservation of living plant collections
pv & Po e¢Z}pue }v ]8]}veX d} } u u }hade began empléyed atur botanic gardens, predominantly
studied plants to suitable glasshouse conditions, first @]AJvP %0 v3 }oo $]}ve u Jvd v v v v ¢/

RESULTS

§ % & « vSU SZ & E i1 }S v] KKsE &pu]lw }36v] ' & vU (}uv Jv i6
&E }& S ]Jv hlE Jv X 8§ v §]}v o 8 A oUv HH]SQVP0o% oSVl hIE Jv X /5« 0
conservation activities of botanic gardens and arborete#f tropical plants comprises more than 4,200 taxa,
that contribute to the achievement of a Global StrategfE % E  vS]vP 611 P v & % i61  (
for Plant Conservation are regulated by the Council gfeenhouse, which was built for the largest and the
}1Svl] "® ve v €& }E& § }( hlE& ]wldést palm trees in Northern Eurasia, is among the
The principal policy of the Botanic Gardens and Arborea]PZ 8 Jv §Z A}Eo X /8§ ]+ v}§ A}ESZ(
in Ukraine is the maintenance of living plant collection® }( }o0 8§ ¢ U%0 * (E % & * VS %0 VS
study of indigenous plant species and those outside thelyndrome» which is considered to be one of the most
natural habitats, assessment of their conservation statuemarkable examples of convergent evolution within the
and potential economic use, as well as development 0 v3 IJvP }u ~KP pEvU A E «U Tiiis;
E e+« E ZU }ve EA §]}v o vV L S]AddidonalSE Ell€EtionsXinclude the representatives of
The Garden’s collections in Ukraine comprise aboother tropical plants representing various ecological and

20,000 species and cultivars, including outstanding A£}viu] PE}u% U XPX u}v} }Se ~iif
collections of woody and shrubby temperate plants,v EV]A}E}IUs %0 vEe ~iT9eV ( Eve
annual and perennial ornamentals, medicinal plants, d&» op JvP C ¢ ~69¢ v }8Z Ee+ ~69+X
A 0o * SE}%] 0 %0 v3eX An overview of species richness of tropical plant

In botanic gardens in Ukraine, large collections of rargd oo S]}ve ]Jv §Z KXsX &}lu]lv }S v] '
and threatened plants derived from tropical biomassv }( y/y VvSuE&C Y } S ]v (E}u 8

Z A v 8§ 0]+Z v u Jvs ]v X >pAhudeript ofdheSThyass Shevchenko National University
of tropical plants in the botanic gardens of Ukraine vary( <C]JA ~(}&u & ~ ]Jvs so Ju]E Z}C o
in number from a few hundred to several thousandrchival papers indicate that the succulent collections
different species, depending on institutional affiliation & u}® §Z v i1 C @&+ }o X dZ }uses
and an institution’s objectives, as well as the availabdé = P A u E]A W@Bxginata ~ i 6 7Dasylirion
(Jv v]o % e Z}o EoC (E <}uE glaxicophyllume,} }VX o€ildEupmdibia alcicorniBaker
considerable experience in the ex sitonservation of ~i6iiAloe camperi® ZA Jv (X Eé@userepandus
§Z SE}%] o (0}E Z - v HUHO 5>Xe D]oo Aloe iblideddensD]ooX ~iddie A
dZ (]JE+3 Po eeZ}ue «]Jv 3Z }3 v] 'WE]vE I sHIEXN x \BAXVE A ESZ 0 U §7Z
<Z EI}A hv]A E+]S5C A E plos Jv iaEOR]hvAdPE JyvEB oCU]vdvuu E }us oi
§Z 3Ju }( K 8} & Z A}lopd]}vU ]v ithe€Chctaceaddholyis the largest plant taxon evaluated
njo JvPe A E *SE}C X to date under the International Union for Conservation of
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Nature (IUCN) Red List Categories and Criteria (GoettBciinko Lviv National University is an example of a botanic
§ oXU TiifieX /8§ & A o §Z § § parden that beés cyZadsualse& major research and display
SZE 3v 3 AE}viu]l] PE}IU%oe oo oo ESPIUEEU AWETFIP% AU 1118« X
ofthe 1,478 evaluated species threatened, demonstratirreviously, it was shown thax situ collections are
the high anthropogenic pressures on biodiversity in ar&bpecially important to the survival of Cycadaceae
OV e~'} §8e Z § 0oXU TiiAeX dZ ( Wwkodlise I@dwv gertdinatibm Rates, low seedling survival
one of the most popular horticultural plant groups, isates, and long generation times can make recovery of a
considered the fifth most threatened large taxonomicycad populatiom situ *0}A ~'E]((]3Z2 § oXU 1
PE}u% ]Jv 82 A}Eo ~E}A} § oXUPAlhi®alko comprise a valuable part of the collection
The assessment of succulent collections with [U@Stablished at the Botanic Garden of lvan Franko Lviv
Categories and Criteria revealed that representatives & $]}v o hv]A E+]3CX dzZ P+ }( 8Z
i6 (ulo] » v ul)E 3Z v iUl *% ] A]Js®]v]vddu & WP }( 0itiTA GyagisU ]v

the IUCN Red List and are regulated by CITES: romanzoffiana ~ Z uXe '0 e¢eu VArecasprurK

Cactaceaet Eiiil *% Aizddceaet 606 °+% HRombhzoffianum ~ Z uXe Phoenlt canariensis
Asphodelacead 07 *%. Crastllaceaet 10 * % [»}W@ESX A Bh. repliddta : kiXislona australis
Apocynaceaet 10 *% ] X ~ZX EXSabal@iRry-: «Xe B r@exigdda

Research on succulent species is one of the moB&t ESX S.vpalmetto ~t 0§ G+ >} X A& "N Z
Ju%}ES v3§ §]A18] « & 3Z KXsX &YuWmoRdvehlbelm@eanax X D}}IE § &X AX
Research on these plants is conducted on phenological XUforsteriana~ X Dy o obPhoenix ripitolad X
observations, studying the reproductive biology andndersonPh. theophrasti GreuteWashingtonia filifera
vegetative architecture, seed germination and viability Z ( E]Jve ,Xt v oX A& ECX
testing, assessment of various plant adaptations to af®kside, the unique relict plants of Araucariacéamily,
oJu 8 U %®E}% P 3]}v u $Z} « A oWégathiv 3acrophylla ~>]v o0Xe D 38X ~ioi C
Our own field observations conducted in the naturdtategorized in the IUCN Red List as an endangered
Z ]88 }( & E ey MO VS *% ] U speétes) jndvvajcafa Didwill,((JJI XU & u ]Jvs ]v
guartzitic massif located 25km southwest of Antsirab&§Z }oo 38]}vX
in 2013, have shown that many species of succuldniving collections in botanic gardens and arboreta
plants such as Aloe « %o dBachypodium e« %0 %0 X U areAparticularly important for preserving critically
asOrchidaceaespecies (Angraecum * %o %o XeU €E vZ WPAES % | ¢ }E % ] ° ES]|v
by local people and this kind of activity is considered ahe assessment of conservation status of species
]JE 8§ SZE S (}& SZ ¢ % ]| X accumulated in the collections of the Botanic Garden of
Succulent plants are grown in 6 glasshouses, occupyiny National University has revealed that it includes 85
6fiiugX E A ESZ o ++U 3Z u i}E]S GpeolesinGOgénerddromuBsfamilies that are conserved
E | %3 Jv %}3+X dA} A£Z] 18]}ve E %WE €EVSSFA o0]A EOXC
of unusual succulent plants derived from both Ameridaesides, many tree species, suchQsercus ilex > X

v (E] X (Fagaceae) Magnolia grandiflora >X ~D Pv}o]
Collections of tropical and subtropical plantsRimenta dioica ~ > X « EDcalgp@aX pulverulenta Sims
accumulated at the Botanic Garden of lvan Franko L{iyrtaceae)Swietenia mahogani~>Xes : <X ~D 0]

E §]}v o hv]A E«]5C & }v }( 3Z Pihus «8xbhwghh | E GEWP X ~ W ]@hrysophyllum
Founded in 1852, it is home to 1,700 taxa of tropicahperiale ~>]v v A& <X<} Z 7 &]vS ouXes
plants belonging to 475 genera and representing 136 " %o} 3 «c AE A (Elu 8Z %o E r/
(ulo] « (E}u A E]}us SE}%] o JIulX}X 3pv ABEo3fu 8Z "~ }v t}Eo t E .
In 2002 the collection was designated as the National &} uv Jv idTAU §Z DXDX "EC<ZI} }
, ]S P }oo S]}v }( hlE ]Jv X (NBG), National Academy of Sciences of Ukraine, is one
The most valuable part of this collection is compriseaf the top botanic research institutions and botanic

}( "o]A]JvP (}ee]Joe_ C »]vDiydddetide® E v ]v hIE ]Jv X

and Ceratozamia *% % X*X C + E o0}V RAtpiledent the GBG \iying collection of tropical plants
plants, most of which are considered as threatened, raoentains about 4,200 taxa representing approximately

or endangered and are listed in the IUCN (2004) Red Ldsti P v E v 100 ( u]Jo] X dzZ }E Z] %
~K 8 Al}r Pulo E § oXU Tii6eX dz pBS]v](} ¥E }¢ 3¢ /A €& v[e >]A]JvP }oo
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Ex situ conservation of tropical orchids threatenedAsia, South and Central America, with a few genera
with extinction within their native ranges, assessmenfE]P]v S]JvP Jv (E] X dZ E '[+ }oo 3§]]
of unexploited properties of various orchid speciegpresentative; it includes the taxa belonging to four out
are among the highest research priorities at NBEf five currently recognized subfamilies of Orchidaceae
~Z @ A ZvIl} § oXU 1ii6X family (Cypripedioideae, Vanilloideae, Orchidoideae
Because of biological peculiarities of orchids (obligatahd EpidendroideaeX tZ]o & 3]vP 8Z }oo
facultative dependency from mycorrhizal fungistrategic goal was to represent most widely the floristic,
complicated life cycles and highly specialized pollinatiegological and morphological diversity of Orchidaceae,
syndromes, habitat specificity, and limited ranges)A]$Z v u%Z <] }Jv E E v Apov E o
representatives ofrchidaceae family often belong toThe oldest samples are cultivated at NBG’s orchid unit
the most vulnerable species, that are extremely sensitive o e Z} e « o]v §Z 6iaeU C E- }( S
§} VA]E}vu vi8 o Z vP ¢ ~"A ES3]UCopkagyné cristaie % |@ 29dentosa > ] v Anjulba
main factors, resulting in drastic decline in naturalowesii >]v AnZdllia africana > ] v CalAnthe vestita
orchid populations ranges, are the global changes of]v @wxadanthe bowringiana ~:X,X s ]§ Z A& K
ojJu § ~~ 8}v § oXU TiiieU v SUE® 2L0o]&ES™ tX}> ,JPPJveX &ES](] ] 0 %}
8§} VSZE}%}P v] % E sepE U -+ A dave shpwrEhaPmajority ofche®elants after more than
scale collections of orchids as ornamental and medicil years of cultivation under glasshouse conditions were
% 0 V3SeX 0 8} % E} p (Eu]de A13Z A] o =« o
The most valuable part of the orchid collection is
Genera Species E % &E ° VS CIE Z] <% ]+ }(SZ (i

NN Family number  number  This collection was developed due to scientific
X Orchidaceae 146 250 C(_)Ila_borat_|on between_ NBG and the Center for
~ Biodiversity Conservation and Development of the
I X Cactaceae . 80 400 /vedldus }( dE}%] o ]}o}PC }( s] &\
i X Apocynaceae (inc. 47 333 within the framework of partnership between NBG
Asclepiadaceae) and ITB five expeditions have been carried out, which
d X Araceae 38 P16 resulted in new accessions to the living orchid collection
~ ~Z @A ZvI} & oXU 1ii6eX /v 1iiiU
fi X Crassulaceae 22 243 . . . S
- 45 orchid species of Viethamese flora, maintained and
o x Asphodelaceae (inc. 7 156 propagated at NBG, were translocated to the Institute
Aloacea.le) of Tropical Biology for Biodiversity Conservation Center
6 X Amaryllidaceae 23 150 A]gz %}S v8] o }( & r]vEE} p 8]}v v e
0 X Euphorbiaceae o 150 Alo }E Z] %o}%opo S]}veX
& X Bromeliaceae 21 134 Ther_efc_)re, it Wou_ld be reasonable_ tq _sugges’;, that many
. - restrictions considered as those limiting the importance
i1 X Moraceae 4 Ol

of living collections ex sittan be applied to the orchids
Total 166 2415 §} o0 e+ E A& V33X v AJo ]0]3C }( §zZ
~e} 00 N%o}loo vV ]e% Ee 0 pVv]S_ ~W
Table 1: The most representative families in the NBG$ pollinia/pollinaria) diminishes or makes impossible
living tropical plant collections spontaneous hybridization which threatens the loss
}( % ]« P v 3] ] vs8]sC gx@EiivP o}
Orchids are also widely and illegally harvested from thgi0§]A $]}vX D}E }A U 8Z %}e+] ]Jo]$
wild for local, regional and inte\rnational trade (Hinsleyf epiphytic orchids with sympodial shoot branching
§ oXU i1i6«X D}E }A EU « & }okPEso@ G I8} s r®@RRAS]v pos]A $]}v ]e ¢
that epiphytic orchids exhibit a low tolerance to harvesting
~D}v E P1vU 1ii6+X E}8 A}ESZCU }E Z] » }ves]3us E 0619
} /d *ro]eS *% ] e ~,]Jveo C § oXU 7iio*X
At present, the NBG's living collection of tropical orchids
contains about 4,500 plants representing approximately
i6iPv E v 0fii e% ]| *UAZ] Z & v 3]A 8} "}usSZr «3§
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DISCUSSION
The Global Strategy for Plant Conservation highlights th&} e r vl ~~N §}vU Tiitov ~ 8}v 8§
ul]vljupu }( 6A9 }( SZE S8 v % 0 e sYimpofdial patepoof regeneration makes orchids
be conserved withiex situ }oo 3§]}veU A]38Z suible Sfofi @ndless vegetative regeneration under
AlJo o (JE E }A EC v E +3}E BpwZiiQle :poSA S]}vX
< vv CU TiidX Botanic gardens maintaining collections of tropical
The results of current study allow us to suggestoo vSe & & *%}ve] 0 (}E& SZ ]E o}
that botanic gardens in Ukraine, in particular, thosand sustainability, which is extremely topical at present,
maintaining the National Heritage Collections of tropicathen there are strict legal limitations as a result of CITES
plants have long been involveddr situconservation, regulations concerning sampling plants from natural
maintaining living plant collections, in vitro germplasthabitats (CITES Orchid Checklists) and their transfer
collection and actively participating in the conservation E}ee v S]}v 0 }uv &E] X
}( $ZE& S v *% ] ¢ ~ Z & A Z vlYhe &ransfetring idfi 6redids of the flora of Vietnam,
Usually, it is emphasized that the establishment amtopagated at NBG, to the Institute of Tropical Biology we
maintenance of living plant collections deriving fromonsider as integration of ex sémdin situapproaches,
the same region where the garden is located (regiontle usefulness of which was recognized more than four
living plant collections) is of crucial importance, because e P} ~D pv & § oXU TiiiV s}o]-U
it would be reasonably to expect the greater success A present, the protection of biodiversity of rare
§Z % ] c u]vS v v X dZ]e % & S lropical orchHig 8pedles exCsishhould not be limited by
§Z 'o} o "SE 3 PC (}JE Wo v }vlstil@gAths]3pecimerss 6f @ mnd vulnerable species
, VE]J<H *U *+% _ E]S}r” v8}U iiiieX maintained in greenhouses of botanic gardens of the
However, today it is widely discussed that ex sitd u% @& § 1}v oJu § X /§ & <u]E -
collections have numerous limitations that restricunderstanding of factors controlling plant development
§Z ]E pslo]8C (JE }ve EA 3]}vX hend accinhtizatiwRdapition iv artificially created
limitations the small sample sizes of ex sitllections, }v ]8]}ve pe]vP J(( & vS§ A% E&]Ju vS o
the loss of genetic variation, a rapid increase in the led&om our standpoint, in order to be successful the
}]Jv & JvP % @E ¢¢]}v E <% ](]protestiom]of rafe tropdddl drichidlépecies siturequires
Tii6 U V z}uvPr ] &uU Tii6X a fundamental understanding of factors and mechanisms
Undoubtedly, sustainable conservation measures requin@derlaying orchid reproduction systems in sihd ex
V A }eCe3 U %% E} Z_ 3§} veuE sitdzeedinds dev@dpnight\and adaptation both under
of various natural habitats of orchids along with otheP o ¢¢Z} e }v 18]}ve v Jv ]v A]SE} |
organisms associated with orchids during their lifether hand, studying these subjects is a prerequisite
cycles (mycorrrhizal fungi, pollinators) enabling thier development of techniques for propagation and
orchids survival under natural habitats (Seaton, 2007puo03]A §]}v X
W u ES3}vU 1TiiieX E A ESZ o U First &f all }We terizsider studying the reproductive biology
managing arex situcollection in botanic gardens canof rare tropical orchids as an important background and
be viewed as an essential additional component of dor any conservational project ex sKu
integrated approach to orchids conservation (SwartBuring more than three decades of orchids investigations
]E}vU 1118 X /8 ]Je eeopu §Z § vV |in oultivatiorr, ZHedSwesihg phenology of approximately
plants are more subjected to the loss of genetic variabiliiyii $E}%] 0 }E Z] *% ] ¢« A e+ o3p
§Z v 0}vProJ]A %0 v3eX Z V r%}oo]v 8]}v SE 38Su vsSe ~ ES](] ]
In this regard, orchids with inherited long life spans apmllinations) have been used to evaluate the reproductive
well adapted for long time cultivation under glasshouseS& § PC v E ]JvP ¢Ce*S ue }( §Z -
Jv 18]1}vX KUE (]v JVPe euPP 3 S3ZZVAY@ES ZS+32 o VPE]SC }( }E Z] » +8§
0]A %0 vie E Uu}E -p]s o (JE o}uPsSEU Jwd BA JUFYP ulpue ~ pCuvU i
§Z v §Z %0 vSe (E}lu vC }3Z E P @}additidnDthe @mupelct p§ diffgrent factors, including
which are considered to restrict applicability of @n flowering longevity after pollination, pollinated flower
situ approach to conservation, such as loss of specigssition within inflorescences, resource status on
integrity through spontaneous hybridization, are noteproductive success of orchid species exlsitsl been
*} EHUu] o ]v §Z]- e« X dZ §]vC -« anslyz€d foh roanye prfBid species maintained under
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Po e«Z}ue }v ]5AngraecuxnReBMutheurBory, plants can potentially be used for genetically sustainable
Cymbidium dayanurRolfe, Guarianthe bowringiam& @& }A EC % E}PE ue+ Jv $Z AJo X

d} §U uvC v S]JA JE Z] * *% ] # is@elukropyndtEat cerfain botanic gardens are very
Asia and South America have been propagated at thieh in some collections while deficient in others

NBG through asymbiotic seed germination and tissue, HoS]v § oXU fdiia.U 8§z €& (}&E }o
HOSUE % E} HE » ~ uCuv 3§ o Xofanié yardéhs@odld 2nrdh the quality of any type of
§ oX TiioV [A vv]I}AU 1iifeX Z conserdton pfjeZt uhdertaken at botanic gardens, in

cryopreservation has focused on practical procedurdsl E Jv ]Jv % &S] po EX
(JE P v vl «3JE P }(}E Z] % }oopPup to/Apace] llAitdtions; «ahd because collecting
Undoubtedly, the use of glasshouse collections of liviapd regenerating seed samples are costly, botanic
plants grown under artificial climate conditions in thgarden living collections cannot often accommodate
temperate zone cannot ensure conservation of thepu((] ] v30C o EP % }% 0o S]}Vv ¢ u% o0 *
AZ}o P v 8] ]JA E-]5C }( vC PE}usainlehadisce costs Xs bde @ th€ bhajor limitationenf
the relatively small samples that can be grown in botarégdu u Jvs v v }oo S]}v }( SE}%] 0 %0
gardens generally offer a very slender basis for tliereasonable substantiated that botanic gardens in richer
*HEA]A 0 }( 8Z *% ] « ]v §Z (u$u@uNKtries have more species in their botanic garden’s
This way of conservation of tropical plants can be viewedoo 3]}ve ~'}o JvP § oXU TiiieX u
instead as urgent measures because when rare spediesources many gardens can invest in the conservation
are poorly sampled often only a small portion of theof only a few or even just one target species (Cavender
SuoPv3E JAEISC ] % E » EA X /oXU 8jfwX 3Z % o0 v$§
samples are often borrowed from living collections dfherefore, prioritizing species for conservation in
}18Z & }5v] P E ve (3 E o}vPr$ Gauticulen dplanic pardens @& Ukraine, which doesn’t
Po eeZ}pue }v ]8]}ve ~ Z E A Z vi} bBelongKtd thei 6euntrieg with the highest economical
majority of specimens in botanic gardens are cultivated A o }( A 0}%u v3 v }ve] E]JVP }/
out of the range country and not contributing to a specifiimitations, we should carefully assess the existing
Jve EA 3]}v % E}i § ~D pv E § «oMadtionidvadabts resciirtés and space, experience in
uvG E]J8] o Jeep » o]vl A]3Z o}vP cslli€Etion hvana@eedi,} scipatific expertise available,
diverse germplasm, including ex situ living plant collectiomsgional climate (and predicted future climate) as it was
ZA uEP ~z}vPr] &pU 1ii6V W %EP|wS $}oX Qio™Xv E 3§ oX ~TiifieX
Vulnerability of genebanks and the risk of genetic erosidmditionally, living plant collections are used as valuable
through genetic drift, artificial selection and spontaneousources of material for diverse scientific, conservational
hybridization affecting genebank sustainability arev H S]}v 0o %o E}i SeX
considered as a serious counter argument againBtant exhibitions created at each of the botanic gardens
usefulnessex situ approach for biodiversity conservatiohighlight the diversity of tropical plants, their uniqueness,
~D pyv E § oXU iiiiV s}o]e § oXU piavddihgzéaueatidndruiskuias tetated to conservation of
]3]}v ooCU W &+ v & 0X ~7ii6s BAVIUPR *F+ SE(EE SZE}uPzZ }A E
the limited intraspecific genetic variation in traditionatlimate changes and irreversible loss of their natural
collections, orchids in particular, may clearly represerd ]38 S X
a serious limitation of the extent to which propagated

CONCLUSIONS
In our opinion, botanic gardens in Ukraine can keational Heritage Collections of tropical and subtropical
considered as a global conservation resource withptants, which are held at three of the botanic gardens
long heritage in conservation science, education ard Ukraine, serves several functions: 1) as an approach
horticulture, and they remain at the national level as the } eeglE o0}vPr$ Gu }ve EA §]}v pv
main institutions involved in tropical plant conservationonditions in case of extinction in the wild; 2) as source

v E JvSE} U 8]}V % E}PE u-X }S vdf mtaial for rdseanditEeducdtional and environmental
especially those maintained the National Heritagerograms which can contribute to the conservation of a
Collections Unit, play a central role in the ex situ conservatigpecies; 3) as a source of germplasm both in vivo and

Vv AE%0}E 3]}v }( 8Z Po} o %o v$ in Nifd, @Ec]&EMXin vitro cryopreserved propagules,
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AlJo o (JE %}5 vi] o E JvEE} p &hewmnést daneiatedec endemic and adapted to the local
Current research activities at our botanic gardens areoJu § *% ] *Y[ ~s}o]eU T7ii6 « §Z § ]
focused on the following issues: studies of developmentaicently proposed an approach for management and use
biology of plants under glasshouse conditionsj( }3 v] P & v o]A]JvP }oo 3§]}ve A}G
investigation of structural adaptations and life histories E u]Joo} § o0X ~TiiieX
of orchids, succulents, cycads to survival under a witte order to maximize the success of the conservation
range of different habitats; development of in vivo antiving collections in botanic Gardens of Ukraine, our
Jv AJSE} % E}% P 3]}v % E} pE effortd3ho@idl be paBpergtiey While one of the most
gardens maintain both large living collections of tropicahportant task to be resolved remains the appropriate
%0 v v v pus S]A E - E Z %s@pBRreEoficodections’ maintenance and incorporation
Finally, the currently existing collections having thef collections of tropical plants into world database
status of National Heritage Collections of Ukraine aree ¢} uE& X
ujJvs Jv v E %0 v]eZ ZYA]S3Z §Z P & ve[ (} pe }v
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FROM SINGLE INDIVIDUAL CONSERVATION TO THE RESTORATION OF NATURAL
POPULATIONS OF CRITICALLY ENDANGERED FERN SPECIES

Zhd, 'hZ /h:

d ooJvv }S v] '&E& vU <0}}*SE]Ju 8§« § fATU d oo]vyv iidiiuU S}v]
EPSZX PUE Jui > }S v]l X

ABSTRACT
Among 424 endangered or threatened Hawaiian plant taxa (USFWS 2015), 236 taxa are known from fewer th:
il Jv JA] p o ~W W 1iid*X He }( 8Z ] & E]JSCU 8Z & ]* v}S v}iuPZ

0](re83E 8§ PC v &E % E} u 8]A ]}0}PC }( 8Z ¢ % ] *X &}E 3§Z]+ & «<}v
*SE 3 PC J* Jve % E o (E}u }SZ & }ve EA 3]}v  3]A]8] X dZ o}vP § G
endangered endemic to Kauai (Hawaiian islands) fern species Asplenium dielp&ufmAl@lehium dielmannii

Viane andAsplenium diellaciniaturiviane resulted in the return of ex sifwopagated plants to their natural

Z 158 ]v SZ]E& }uvSEC }( }E]JP]vX AlupoS v }ue 8} S$Z %o}%opo S]}v eSpu ]
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
vivrv 8]JA «% ] U A ]Jo ]0]3C }( *}]o *%}E viU «}AJvP Jv 8} §Z Z 18 &I
%0} %o S]}v & JV(}E u vsSeX § ]o o }E& S}EC *Sp ]« 8§ doo]vv }3 v]
propagation provided a lot of relevant information (perennial life strategy of gametophytes, duration of developmental
*§ P e v SE& vVve]S]}veU } 0o]P S}EC }( }pusSr E}ee]JvPU P}} % ]o]3C (}JE A
%0 vSe (}J&E & *S}E S]}vX Wo vS]JvP ( Eve S} SZ JE Vv SuE o0 Z ]88 P v ]v

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

INTRODUCTION
Among 1,386 Hawaiian vascular plant taxa (Imaé&ar successful reintroduction/reinforcement/ restoration
2012), 424 taxa are listed as Endangered or Threaten#fdthe species, the research on different aspects of
(USFWS 2015), and approximately 236 species tlodir life strategy and habitat are inseparable from
these are known from fewer than 50 individuals (PEPSZ G }ve EA 3]}v  §]A]8] X &}E %o
Tii6eX 03Z}uPZ o}e 38} /ES]v §]}vendangered o bpsaes,] «tHey } Amnimum  information
about the life span, reproductive cycle, breeding typeanmediately needed is as follows:
growth pattern, dispersal factors, habitat requirements, their historical and current distribution;
limiting factors or threatening factors of such rare aned population size and condition;
v vP & % ] X dZ ( EvV (0}E <} (%o }oJovi]I0 “SEPU SUE ~ P U o]( res
}vel]eSe 08}P §Z & }( 117 § A& }( ¢ (opuldtiod fynandicss A
}( v 8]A ( EveX il & v u] ~s <Espore swurcé spbrébank;
TiiieX Uu}VvP }8Z & A ¢ po E %0 v3eUbréedinEsysiomzZCs « E
a complicated group to study for their conservatiom U@& S]}v }( 0]( reS P oV
because of their separate independent generations ef timing and duration of dispersal;
gametophytes and sporophytes, with important life factors influencing the dispersal,;
Co e3P+ v Av3e §I]VP %0 Jv fackars iRfluend@ng thevsurvival;
Z P &o0 e }( P}} % ]0]35C (}E o}v Ralejarkevo the] sttess@nrd dikturbance;
the recruitment of sporophytes depends on species structure and condition of natural community;
specific mating compatibility type of gametophytes habitat requirements of the species;
~Z PZ A v i6ddeX « habitat quality;
e« AJo ]0]3C }(*u]l8 0o Z 13538 % 3 Z ¢}
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At Tallinn Botanic Garden, the research on endangeredv $Z vU SZ wu}es ( ®r& Z]vP Z »
plant species is focused on selected, locally or globadly three IUCN Critically Endangered fern species
Vv VP E (EV *% ] *X /8] }vpusv WS} 8Z Jeov }( <p] ~, A]lv
e in situ population monitoring for condition Asplenium dielpallidunE X ~vAdplénium dielmannii
assessments and research on species ecology; Viane andAsplenium diellaciniatuns] v X /8 A « «§ (E
» exsitu study of reproductive biology and ex situ propagatiaith condition assessments and population studies, and

for reinforcement, reintroduction and restoration; continues with the efforts on artificial establishment of

« artificial establishment of populations both in situ and exp r%o}% po 3]}ve }v 8Z o v o % A]3Z]
situ X ]*SE&] usS]}lv & vP X

METHODS

At the beginning of the research, the whole population § ¢«3]J]vP §Z %0 vS]JvP S§}lo G v ~T1iT
of Asplenium dielpalliduroonsisted of 15 reproductive aim to learn if target species would tolerate any
]Jv JA] p o Jv 8A} 0} 3]lveX (8 E VB rZdwHVPIE o} 3]}v v Az] z A

found for more than 100 years\. diellaciniatunwas % E ((EE o0](resS P e« (}& SZ E r%ol
€& o} § Jv iiii C <X t}} v "X W Eexsiu~E}drStvR }( & « u *% }E Oo]vPe
A. dielmanniijv Tii1 C >X @&v}o ~<Z WX witltHeBinvoestigadf rescued sporelings could be

habitats were heavily disturbed by introduced ungulates used for growing plants for population reinforcement
JE }A EPE}Av C vivr v 8]A <% ] eXand restoration;
The research was started by population surveys with tme experimenting with  population reinforcement
aim to gather information about species distributionand ~Tii6riiiieU A]§8Z §Z Ju 8§} Jv E <]\
]1}30}PCU % }% po S]}v «SEU SUE v Csource of the BabitaZandldestiKg if establishment of
Simultaneous, small scale pilot tests were conducted on experimental populations within fenced exclosures
different potential methods of improving the condition  would affect the dispersal of the species via
of extant populations: colonization of new patches of suitable habitat;
e E pu ]vP Ju% 3]38]1}v  A]3Z v}vrpv lddckatory éperfjments on reproductive biology and
~71i7rTiifAe A]SZ §Z Ju 8} § 8 |( EWBY%PPZIPIAZ0ES d oo]vv }5 v] ' E
Ju% 5]8]A vivrv S]A <% ] e+ }v E AVSZ #EBIV]E]}¢ o EV]VP  Ius <% ](]
location would help the target species to recover via of gametophytes and working out propagation
spores in the soil of the habitat; % E}S} }oe (JE }ve EA 3]}vX
e ¢}JAJVP «%}E « Jv 8} §Z Z 1% § -Basedronithd/ infariiation gathered, it was planned to
fiifs Al3Z 3§Z Ju 8} § 8§ §Z % }viB]GISEQRE ( »r @ (ruexrStupropadatdd plants
recovery in the habitat; HE]VP « A E o }ve p3]A C E-X dZ
e ¢}]O0 *%}CE VI v 0Ce o ~7ii0r1ii6e AJIZ BZI}BuU BZ *% ]+ C ES3](] 10 -«
learning if target species could have a soil spore bap&pulations in protected sites by fencing locations within
and could be recovered from this, what are the speciesZ |E& Z]*3}E] o & vP X
represented in the soil of the habitat and how long may
their spores stay viable;

RESULTS

The study of population structure and dynamics e C JvS@E} p v ((E 0 uvPpo § >
revealed that target species had seasonal growt§Z § Cv u] *d r% }% po S]}veU ]J( Juu ]
Al8Z P GEu]v §]}v % |+ pE]VP E tould %rveE 3p sdurde gqpdations for recovery and
recruitment was cyclical according to the ENSO clima@& <SS} & S]}v }( SZ % ] X
% 55 EV }( 0}VP E % E]} * }J(ASS E v E] EC E-X "3 P
transition monitoring demonstrated that the relative Reducing competition with non-native species
amount (the number) of transitions to premature stagé\lthough the exact location of previously extinct
}MO %o}ee] 0C Jv ] 8§ %}% po S]}v individddiy wasknos/@Eand Wweeding regularly conducted,
The survival rates of newly established individuals welee target species did not recover during the study period
very low, as a result of heavy disturbance in the habitat( TiiTrTiio X A vdu ooCU 3Z]e A% E]
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(Jv]eZz e vivrv 8]A %0 V3e *% ] e« heavily di€furbedhabitat€ used to boestsituholdings,
native species (Luzula hawaiiensis, Bidens sandwicertsig)d be returned to the habitat and used for population
Rumex albescens, Doryopteris decipiens, Po&amco XB JV(}E u vS ]Jv % E&}S § E - ~ Puc
e %Aéddia koae }v §Z eSU C %0}SeX
Experimenting population reinforcement (2007-2011)

Sowing spores to the habitat was conducted twice.Translocation from stable nursery conditions back to
dZ (]JE+3 & 3 ~1iifrTiiosU A]3Z 3§Z the%ilj@Elaees (rapsplaritéwnder great stress, although
quality collected from a single individual of Aspleniuih could be mitigated by growing plants in hardening
dielpallidum did not result with the establishment of }v ]3]}veX Z A G« o (E}u u SPE %}
Pu&s8}%ZC3 o }E *%}E}%ZCS « }( végetativéspreinatiire IdokiAg «conditions is a clear sign
o Ev §Z2 § §8Z E}e]}v e C }JA&EE %3 %o $§]IM ( EveX dZ vpu E
of ungulates was one major limiting factor againghe reproductive stage decreased consistently during the
natural establishment for the species with spores o€ @E+X &}E Tii6U 8Z ]I }( 832 A% G
U 00 ¢ X dZ =+ }v & & ~7iiirfiifie Aue wp oCA]3Z 8Z ]I }( 8Z v 3uE
sowing a mixture of fresh spores of different individualBhis first test of population reinforcement on these fern
of Asplenium dielmanniinto the protected area at the species reminded us of the importance of considering
% E Al}ue o} S]}vX dz S 0]*Zu VBZ}IUPP@}S®%o ZYS]18]1}ve v Z ]85 § <u 0]
and sporophytes was not documented during that
period, but it was learned how important it is to consider Laboratory tests on reproductive biology and
§Z &}o }(Z S E&}P v]SC }( u] E€}Z prppagatdn S8 d oo]Jvv }S v] ' E& v ~Tiii

provided information about:

Soil spore bank analysis 2007-2009 « the perennial life strategy of gametophytes;
From repeated tests it was learned which species were the duration of developmental stages of gametophyte
represented in the soil and how long they stayed viable in and the timing of transitions as an adaptation to
§Z <}]o }( 8Z]* % ES] po E Z ]38 §X deasohallyn Babifas conditiohs?
not separated from gametophyte cultures grown from §Z } o]P S}EC v SUE }( }usSr E}ee]vl
*}]Jo * U% 0 *X D}*8 }( v S8]A <% ] tBezgdodReaiability & gametophytes for vegetative
during the test were less abundant, their germination v E Pv E S]JA PEIASZX
and development of the gametophytes much slowdt was also learned that gametophyte cultures of these
§Z v 8Z & }( vivrv 8]A <% ] X dZ specigsecalld Aerve welk ibr preserving the genepool for
§Z <}]o *%}E vl A« }u]v § C ExXStPEIA|EP A }wr % E}% P 3]}v (JE E
V3JA % ]+~ PUE Jpui U hEu v HIGWOEQ o T{IEIN 5Z <%}E 3} u SpuE

Jv JA] p o 8}} 8rii C Ee« Jv po3]A 3]}v

Testing the planting tolerance (2004-2006) Eventually, thousands of individuals were grown from the
Damaged and thus close to death individuals of differemt } @& S}EC A% EJu vS u § E] oX
life stages (sporeling, premature, mature) were used foro$§}P §Z & ii §Z Eu} }&£ « Al3Z U6

insitu § «3]vP %0 v3]vP }E & o} §]eresransBcatedXfroid Estonia to Hawaiian islands
experienced that the target species of interest werand received alive by the National Tropical Botanical
tolerant to replanting, but it became evident that theGarden (NTBG), where they were replanted, and later
current stage of the degradation of the habitat was an, relocated to Kauai Mesic Elevation Nursery in Kokee
oJu]8]vP ( 8}E (JE &E %0 v3eX dZfor furieA déclimatiEat®dneto the lodql natural climate
span of mature replants was longer, they recovered and PU®& Jui TiideX
% E} MU 0}8e }( *%}E  PE]VP §Z J& o]( 3]Ju X
Gradual out-planting to the natural habitat, within

Ex situ boosting of rescued sporelings at NTBG (2006-200Rkir historical distribution area, started in 2016 and
The condition of damaged and uprooted (by feral}v3]vpu Jv TiidériiiéX ~]v §Z v oS8}
ungulates) sporelings and premature individuaisdividuals were planted to a natural habitat in five
recovered, and in stable nursery conditions most of thelacations within fenced exclosures:
SE ve]8]}v ]Jvs} 8Z u SpuE 3 P A]AZJeniumCdieaallidugn A «idi Jv JA] p oe ]Jv
learned that gametophytes and sporelings rescued from locations in Kuia Natural Area Reserve, survival
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0iU09 (8 & SZ (J]E&+S C & v §Z Zoca®nsi Na Pali Kona Reserve, all alive after the

« Asplenium dielmanniit 108 ]Jv JA] p o Jv(IE¥BIS C E Jv §Z ]JE v A o} §]}vX
location, in Na Pali Kona Reserve and Kokee Sta@SZ}uPZ $Z vpu Ee* }( *%}E r% E} |
W EIU 80URA 9 o0]A (8 €& §Z (]EasSincreaded] verdatkatdly, $8mpatative monitoring of

« Asplenium diellaciniatumt 66 ]v JA] p o & J¥SE} V VSUE 0 *U r%o}%pno S]]

CONCLUSIONS
Although first year survival rates of transplants wereP Jve§ §Z AS]v §]}v }( 8Z ( BV *% ]
relatively high, the effect of microhabitat selectionThis research confirmed that reinforcement, restoration

S ES 8§} } uE }v 37z a0 C E }ESZE (]E-301328 W§ }( VA %}%po §]
%}% po 3]}v E JV(}E u vE3X &}E 5Z%3}¥%] pe WZ5Z Z A }( ES]Jv v VP
slow developmental rates in gametophyte generatiorlhe prerequisite for step by step success is a thorough
the recruitment of new sporophytes in the habitat, coul#dnowledge about species life strategy and habitat
%0}ee] 0C FE % S S0 *SIirA C E&E (MU]E twudvwe X Vv 3} E <U]E u vEe oZ
§Z VSUE 0Z ]88 ~PuUE Jui 1110 X%BVBEENS T §})E GFuo Z]JvP §Z Ju% E}A u
be assessed as successful at the moment when natufale management and conservation actions should be
E P v €& S]}v %% €&« ~'} (E}] $§ ptaRnddiandktiméd in acordance to the species needs,
years of monitoring would be critical for estimating if thand methods applied as soon as they are proved to be
reintroduction effort has been successful in mitigatingte (po (}JE Ju% E}AJVP 8Z v ]8]}v }(

N<¢
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BOTANICAL RESEARCH OF PRAGUE BOTANICAL GARDEN IN SOUTHERN VIETNAN

ZKD E Zz ¥Ks: E > KE' a<KZE/KdKs 241 E WKEQJZd
E Z z EX <heBWAKsrd/&UZz € > W #Z+ ><

+WE Pp }8v] o' E vU dE}iel 6iilisoU WE Z 06U =« i6i iiU | Z Z % C
N VP % }E }Sv] 'E® veU i opvG Z U "NJVP %}E& 1n6N0d

UE 8]}v o Dpe puU E S]}v o ,]*S}EC Dpe puU % ESu vs }( }S vGU JEIY
W} Ev] U | Z Z %W 0]

G:}]vS Zpee] vrs] Svue dE}%] o ] vs](] v d Zv}o}P] o vs ®U VO
0 % ESu vS }( A% EJu vS§ o Wo vS ]}o}PCU & posSC }(~]v U Z Eo * h
ZZ}u v XZC I1}A > }§ v] | X 1

INTRODUCTION

dZ u}uvs Jve }( *}u3Z Ev s] v u «Z 08 E Z]PZ %0 v3 ]JA E+]S5C v E V}§
V ] lu% rEpu] E $]}Jvo W EI E §Z @& + AJ§Z §Z Z]PZ & }5 v] 0 *%
§} }vE8E] pud 38} IviAo P }( o} o APS&SS3]}v v 8} Z E § E]l 8Z ]85E]

STUDY AREA
The Hon Ba Nature Reserve was established in 2@0f is named after the two highest peaks of the Lang
with a strictly protected zone of 10 448, 2 ha coveringBiang plateau: Bidoup (2,287m) and Nui Ba (2,167m), the
mountain massif lying 20 km westwards from Nha Trald Eu & ]¢ SZ + }v Z]PZ 8 % | }( *}u
City, being the easternmost projection of the Lang Biafidpe total area of 70,038 ha makes the park one of five
Wo § pU AZ] Z }vs]lvu » }v 8} E 3]1pv@PWEEM 3]} VMutho % Ele Jv s] Sv uX
Epu] X dz *§ EV *0}% * }( ,}v Falr expeditidns }o/én B8 and Bidoup were undertaken,
influence of their proximity to the sea, exposed to windsased on a Memorandum on Cooperation agreed and
vV Zpu] ]8CX , E U 8Z A E®u v Zgned betiv@n (e} Botarfcal Garden of Prague and the
from the sea meets the cooler mountain air; this causesv¢S]1Sus }( dE}%] o ]J}o}PCX dz (]G
a specific microclimate with frequent mists and high aiR}E1 A « Ju%o u v8 v :puv t :poC Tiii
Zpu] ]1SCX dzZ Z]PZ ¢S % | }( ,}v UlhwS(JVOEJ®]% EE] }IusS Jv & E|
E Z-+ Z]PZ3 }(iUAOO u XeXoX Vv 8Z 0 *88E]% A e pv ES I v]v:vpu
] Ju% r Ep] E 8]}vo W &I A« <BulpJ*ZE 3]yvioidw EIl A « E%0}E ]v D

RESULTS
The joint team in Hon Ba confirmeédsitu 1,200 taxa, species of gingers (Zingiberacgdéeistera caudata and
among this number are many species listed in the Rbtkistera sudaevere prepared for publication and one

§ M }(s]8Svu v /hE Z >]eSX %]l [BEE E% ]| ¢ ]J* Jv SZ % E&} ¢ }(
seem to be the first confirmation of their occurrenceNumerous plants deserve further study and consultation
Jv s] Sv uX v ]JvS €& 3S]JvP ( SuE wjh specialiste fronj +Viet@zam or abroad to provide an
mixture of northern floral elements such &kcer, HE § § CEu]v 8]}vX ,}JA A EU ]38 ]-
Carpinus, Quercus, Salix, Anemone, \dokh tropical number of vascular plants of Hon Ba Nature Reserve is
elements such as palms like Pinanga, Plectocomia, b o +$§ UHOS]% 0 }( 3Z % E AJ}ueoC
also families adAncistrocladaceae, Balanophoracea€lhe majority of the data were collected in the field,
Gleicheniceae, Lecythidaceaad ZingiberaceaX d Zhbut selected plants (mostly gingers, ferns, orchids and
main focus of the work was on herbs of the forest floagesneriads) were brought to Prague Botanical Garden

V JV %]%ZCS X ~“}u v A <% ] «(With@l n€esdawpérmits) and are part of its tropical

V ep e < v30C < ] v3](] oAaema EJoo t5]}veX Z epose E JVP % E}A]
claviforme, Cleisostoma yersinii, Vanilla atropognd Vietnamese authorities to allow for more efficient
Zingiber discolor. & E}u ] }u%rE u] E $]% @}& &EJW 3 (A5Z o} o (o}E X

118



Gingers

The whole plateau is very rich in gingers and it is highly
predicted that there are still some species unknown to

e]l]v 38Z 8 & ul]v §} l* A & X /v ,}v E U

ii J((EvE §AE£ (E}us+s]EPVE AE }oo 8§ X £ %53
for the new species mentioned above as our new
discoveries, it is worthy of mention that a member of
rare genusSiligquamomumsS. oreodoxa was described

o°} (E}u 82 & }( ] %X

Orchids
"Y(EA ZzA E JE Ul}E SZ v 0l *% ] 3} }E Z] -
(E}u 8Z]s & PJ}vVX "lu *% ]+ E €& SE] S S8} =e<]vPo
0} 3]}vU AZ]Jo }8Z B+ E % E * v3 ]Jv o EP & +X "}u
} JME (]Jv JvPe A E <pl8 pE% E]*]JvPX &}E £ 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
Jv s] v uX ~}u }8Z & & Vv A &} «]v ~ XPX
Cleisostoma yersinii, Vanilla atropogon, Bulbophyllg(X
umbellatum, Zeuxine ,honbaensis® <PsgcKkechilosX
Four species represent the first record for Vietnam
(Appendicula ovalis, Cephalantheropsis halconensis,
Hetaeria finlaysonianandLecanorchis nigricans<
All of the five main currently accepted subfamilies of
the Orchidaceae were found to be present in the Hon

E « EA X dZ u}e3 Ju%k}ES v3 }( §Z « ] epu (u]oC

Apostasioideatl AZ] Z ]+ A EC E E Vv Vv ] Vs ~ e« or
most) orchid group that survives up to the recent period
Jv 3E}%] o0 ] Vv (}JE ¢3¢ }voCX dZE *% ]+ A E (}uv
in the Hon Ba reserve, while two of them could not be

§ Gulv He A (Juv }voC 38 EJo ]v ]JA] p o+X
Based on leaf characters, these species could be some
}18Z @ v AoC J* }JA E % ] X

Conifers
Conifers are an important vegetational component
]Jv 182 &+« €& Z & <X o0S8S}P SZ U i *% ]+ ]Jv O

genera from 4 families were recorded, indicating a

high diversity of conifers in the mountains of southern

s] v uX Z E <% ] » A}YESZC Bius v3]}vU ep Z -

krempfii, Fokienia hodginsindNageia wallichianawere CONCLUSIONS

E }E X dzZ (]JE&e+S }v u vs]}lv Z ReSaarchuoi@inmain@sale@s in southern Vietham has

its distribution in the study area and it is a remarkable E}uP Z$ v A Jve]PZ3 Jv8} %0 vs JA

dominant of some parts of the mountainous forestAlthough botanical exploration has to some extent dated
*% ] o00oC }v u}pvs ]Jv E] P <X /v ,back for i@ore thanue Serfuty, there is still potential for

last 22 mature trees are present, but there are placeagew discoveries to be made and six newly described

v 8Z ] }u% rEp] E A]SZ vpu EPpeJusSEE 3& EX% E}}( }( §Z]s 3 S u
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URBAN HABITAT SURVEY IN PORTO BOTANICAL GARDEN
W h>K & Z/E, sD2W&/™>/W 'hped, :KDE d/PEK K

+ & HOSC }(~M]1vVv «}(38Z hv]A E-]3C }( WIESIU W}ESUP 0 ~& hWeX Zyu

g Z+ E Z VvVSE (}JE 1} ]JA E-13C v '"v 3] Z s}uE <+t /v]} e}]138 >
Eu v } YUJvE « 06U 066fArooi s J& }U WIESUP o

U E SUE o ,]*3}EC v ~]v Dpe pu }( 8Z hv]A E+]SC }( W}ES} ~D,E rh)
o PE ii6iU o6iAiridi W}IES}IU W}ESUP o

Z% (U E<p >( XU%o X %S

ABSTRACT
The Botanical Garden of the University of Porto is a designed outdoor space of ecological, aesthetical and histori
]Jvs E «8SX /S ] %0 E] Z]vove % * 33]vPeU «3}JE] +« v u ulE] U A;
i6eeU VSUEC v (]E*3 Z o( }( 3Z TiaeU VSUEC 3 v }udX dZ % E}AE]u]
*SE u v PE v]8 epuSE S U E 8 (A}uE o }v ]8]}ve (JE §Z po3JA
%0 V3 }uupv]3CU Jvd PE S]VvP *% ] * (E}u A E]J}ues ]} oJu 8] E P]}veX
It is laid out on three main levels, establishing a mosaic of spaces, habitats and plant groups, full of diversity ar
cUHE % E ] (( X 8 8Z Z]PZ & o AoU v ou}*s (0o § 8§ EE juu} § e
gardens and the formal gardens enclosed by high Camellia japonica clipped hedges, mainly of Portuguese cultiv
E 3 C38Z v }(8Z i6aeU VvSuECV 8Z ]Jvd Eu ]88 o Ao E ul]voC
PE vZ}ue eV 8Z 0}A E o A o ] }u]v 8 C ecuo00 E}E SpuX /v 18« (}nu
E o 3]A 0oC E] Z e+« uo0oP }( pHOS]A S Z 158 88U A]S3Z ]JA e +% 3] o @&
These habitats of human origin have been surveyed in a research project on urban biodiversity undertaken in th
13C }( W}ES} SA v 1iié v 1iiiXx dz zZ 18381 v38](] 38]}vU « E]%S]}v v
the adaptation to the urban landscape of an already established method developed by the European Biodiversit
K+ EA 3]}v E SA}JEIX "u Z % E} HnuE o00}A 35Z A o}%u vs }(v AZ 18 :
}eCeS ueU % &S] po EoC } HMEE]VP Jv §8Z pnuE v }vs ASUv u hE v,
UrHBA describes the urban habitats based on Raunkiaer life forms, land cover, dominant species, site descriptc
v AP S3S3]}voC EeXdZ us3Z} ] SE}vP0oC PE}uv v «% 3] o v EE §
C V}Vre% ] 0]*8eX dZ € *po3]vP Z ]38 8 u %+ }uupv] & Al3Z 8z P v E
§]o %0 VS *% ]« JVA V3}E] + (JE Z Z ]38 38X
Like other urban green spaces, the habitat characterization of the Botanical Garden of Porto using this metho
suggested that it can make a relevant contribution for researching and knowing more about urban biodiversity, it
opportunities and problems, and the importance to conserve, promote or create conditions to improve its quality in
ve 0C Zpu v]i E X

KEYWORDS
Cultivated Biodiversity, Designed Spaces, Habitat Assessment

INTRODUCTION
The Botanical Garden of the University of Port@]+*3}E&] oU pOSPUE o v Vv SHE o A o)
constitutes a special, unique and referential space intheE}u ]3¢ }E]P]v § §Z v }( 8Z ibdee
}vs £S }(8Z ]18C v u] X /8§ ]eafflueni private Jeglecti¢ §pace, and by its evolution into
space with significant landscape quality, with high artistic % 0] *% U ]Jv §Z <« }v Z o( }( $z2
and symbolic relevance, historical interest and rich for teaching and learning in the fields of Botany and
1} JA E]3CX /3 0} *8 VvV o }ud n SP]Ee» %% O]E Z]& SUE X dZ % ]e
the opportunities it generates in terms of conservatiorgssociated with the lives and works of the writers Sophia
& €& S]}vU p S]}v v E -« E ZX Doo} ECVE vE-+*v v Zp v v (
The garden and its house form a complex with importaRorto Botanical Garden is situated on the southern area
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of the city, on a flat promontory over Douro River (37the higher level, an almost flat terrace accommodates
m away), close to the Atlantic Ocean (2,277 m away)e main house, the entrance woodland gardens and
SA v A6X06d u v 6TX06i u }A -« the formdl gawdens]englosed by hiGamellia japonica

Jul]v v8 e0}% }( iriou Z] A u Jolipped Addges smantz of Portuguese cultivars created
0 A oo]JvP ~d3iXifiiiiof EU 6UOBTOO00ECIBER]IPWE (i3X i6aeU VvSUECV 37 ]\
The influence of the Atlantic Ocean, tempered by the Galfe mainly occupied by the cacti collection and the
Stream, and a granite substrate, create very favouraldeeen houses; the lower level is dominated by a small
conditions for the development of a diverse, robustand@® }E SpuuX
upos]ro C E %0 v3 }uupv]SCU ]v3hes&hdfitais of%umhpre ofid@ih}lave been surveyed in
A E]}pue ]} oJu 8] @& P]}veX /8 ] oafesé¢aréh projecZ €B urban iodiversity, accomplished
levels, establishing a mosaic of spaces, habitats and plant § Z 1SC }( W}ES} §A v 1iid v
PE}u% U (poo }( ]JA E+]3C Vv spuEDBE{n * (6 DXR]PAGEXTX §

T

‘I

MATERIAL AND METHOD
The habitat identification, description and representation name for each type of habitat, linking ecological and
were achieved with a new habitat survey method landscape approaches and aiding the perception
dedicated to artificial ecosystems, particularly occurring }( $Z *% X “}u £ u%o ¢ }( "]S
in the urban context, named Urban Habitat Biodiversity & W ~d& 00 C_ U "K% v A}} U »
e eoy V3 ~h@E, V & EJvZ rD Ecu « v EQ}ECHX”, P U ~> Av_U ~d v
This method resulted from the adaptation to the urban ~W §zZ X
landscape of an already established method, developddVegetation Layers are determined through the
by the European Biodiversity Observation Network analysis of the vegetation and visual estimation of
~ UV § oXU fiiieX %0 vS8 Z ]PZSU ¢ Jv ] § Jv.d o i
With UrHBA, habitats are mapped and described based is recorded as a combination of layers, including all
Jve AE o S3E] us » ~& EJvZ rD Eu%o &v3oXC EOAYSZ ulE 3$Z v ii9 }A
i XUrban Habitat Categories are determined by the most
% E A ovs ov }A E Jv §Z  EThe détalfed \stefs §fS thiee methodological procedure
dominated by vegetation are classified according to v Iv(i EE Jv & E]vZ rD E<p « §
Raunkiaer plant life forms of the dominant specie& E&]vZ rD E&<p ¢ § oXU TiioX
~d o iv>]( (}Eu § PYE] <X Thesk(4ttiibotes araugaatlsindicators of habitat structure
V *% E+* 0oC AP § 8 E -+ E bndepvironmentdcondifions, making this methodology
(JEuU 3§ P}E]+*~d o TtE>& S3SWIEF]*p EoC pe (po (}JE 1} JA E-]5C
7 XSite Descriptors are intended to provide a commoiiiie X

RESULTS AND DISCUSSION

Jus 079 }(8Z E }(3Z }8v] o' Eol]e Algm] }( A EPE Vv (}E 3 %o
by trees and shrubs above 5m (forest phanerophytesyith Canary Island date palm (Phoenix canarignsis
(JEU]VP Z 18 &« }( ~ 0o} A}} o ~&]RpuZedland Ghiiftm&E trée (Ketrosideros excalsa
These occur mainly at the edges of the property, creatingaveral cultivars of Camellia japonicaV- 8¢ ~ 0}s  A}]
% E}S S]A (E u 8} 8Z (}EuU o P E olvevdrgréeh andvéofiifemus fArestphanerophytes, with
In the northern area, near the main entrance an&outhern magnolia (Magnolia grandiflpnd Lebanon
around the house, four habitats were identified: 1¥edar Cedrus libami X
N0} A}} o }( ] ulpe v A ERESw *(@}Gors 0 Ju%o A]SCU §Z ~uyp
phanerophytes, with American sweetgum (Liquidambaif autochthonous inspiration, constitutes a habitat
styraciflug, Japanese maple (Acer palmajuBuropean of evergreen low phanerophytes, dominated by
oak (Quercus robyr Japanese camellia (Camellig|avender (Lavandulas %0 %0 XU « P ro A &} | @
japonica) and rhododendrons (Rhododendron%e %o $ahiifoliuy, curry plant (Helichrysum italicum) and
fe ~o}e A}} o_ ¥ I utpe v }v]HakBjuer urip&iatusx
phanerophytes, dominated by cedars (Cedru$to %o XeeU}u% 0 £ Po U §Z ~(}E&uUu o P &
Araucaria (Araucariae %o %0 X v 0]ve %v%.XHligly several habitats whose dominant plant species do
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vis PE}A JA  §Z A E P Z |PZ3+%¢%DeeuUs v % %oOpuditia * % %o XV v Te A E
They can be described as: 1) habitat of evergreen Idarest phanerophytes, marked by the presence of
phanerophytes, dominated by different species andabbage tree (Cordyline australis
cultivars of boxwood (Buxus * %o %o XV T¢ Z 18 82( ( A W} ES u }Ae & Z ]88 &« }
and evergreen, with several cultivars of hybrid tea rosbemicryptophytes dominated by Festuca rubra, Dactylis
(Rosa*% % X+ v VPo0]*Z o A v E - avghuukratgasdioliam perenn

3) habitat of leafy and caespitose hemicryptophyte§he main habitats dominated by water take the form
with Festuca arundinacea ahdtus pedunculatus P "%} e U A8 vie v A(}uvS Jve X dZ
In the arboretum, there are two dominant habitats: 1elements integrate water and vegetation and are

N o}e A}Y o }( ] utue (JE 3 %ponarE Jobo € Sstierldlation of amenity, sensorial

with London plane (Platanus x acerifpligilver birch quality of the place and for biodiversity, as they create
(Betula pendulg black gum (Nyssa sylvatica), hornbeanf A}uE o v $3E S3]A v 18]} ve (3¢
(Carpinus betuldsand copper beech (Fagus sylvatica I¢jer ones are dominated by species and cultivars of
purpureasV v Te N 0} A}} o }( }v]waErljies (YyEmphdea %o %o X+ U %o %o C E W) ~Cyper!
phanerophytes, where several species of fir (Abié& %. ahdlduckweed (Lemna minoK

spruce (Piceas% % X+U @& }EA]S ~ThujaTheY%oiptexity and (ichress of the vegetation structure
cypress (Chamaecyparis%o % X*X 0} E o A oféthpvBdtanjeal Gardéh are strongly evidenced by the
but with a reduced spatial extension, there are patche%. E * Vv }( «AEo APS3SS3]}v oCE
}( ~o}e A}l e 3 A EPE Vv (JE 5% Fou BY%BCH «@I-U P E ve v PCE
with cork oak (Quercus subed v " o}e A}}W}@E}IU v oCe A]3Z §8Z <« u u §72} ~I
evergreen and coniferous forest phanerophytes, witb E«p ¢« § oXU TiideU §Z }$ v] o '
blue gum (Eucalyptus globujusnd California redwood $Z Z]PZ <% }u ]Jv 8]}v }( A P § §]}v
(Sequoia sempervirenX }u Jv 8]}veU tusS }( S8}S 0 }(Ti %}ee] O
dz §] v ep HpO vS N }S v] o }olMostdfitkie gdrden i oecupied by two dominant layers,
SA} 8C% * }( Z 15 §*W i« A EP @enerallyvtall w¢es ovel Groundcovers, low shrubs or
evergreen mid phanerophytes, withloe < %A@aXé& u Juu *ZEU X

CONCLUSION

The characterization of urban habitats constitutes amch assemblage of cultivated habitats, with diverse spatial
important contribution to the knowledge of the urban EE vP u v8e v upod]%o A P 3§ 3]}v o
biodiversity, that is currently fundamental for thedZ WJ}E3} }3v] o ' & v ] vIA C-
planning and management of the city, following modekscale green space, that is perceived and experienced as
and strategies that promote higher environmental and poSuE o0 o v ¢ % U ]JvS ve 0C *]Pv
OV e % <uo0]SCX h@®E, u S$Z} }o}P Conétitutes A] RutidiféenSipnal arrangement, with high
expression, allowing an easy graphical representatigpatial diversity, rich in cultivated plant biodiversity and
and a strong communicative effect for specialists and tlvery relevant in the historical and cultural context of Porto

Pv Eo %M 0] X Vv W}IESUP oX /8¢ }% v E 0 3]}veZ]% A
Inits four hectares, the Botanical Gardenreveals arelativgly }v }( §Z u}e$S e ] O v (E]voCP
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15 Sru %% ]VPr v r Z E
& EJvZ rD E<h » WXU & Ev v o

§ @ddedurpvfor recording biodiversity and its spatial
X Udistripotindinhuurb&iX €hvironmgaes’.eLandscape Ecology

(C A EPE

:XDXU o0A « WXU pv ‘UrdaX'Mabltats Tii66sWiofiriooiX }IW iiXiiidleiiddiriio
Biodiversity Assessment (UrHBA): a standardized
TABLES AND FIGURES
Super-categories Categories Sub-categories
DCH Dwarf chamaephytes DEC Winter deciduous
SCH Shrubby chamaephytes EVR Evergreen
LPH Low phanerophytes CON Coniferous
TRS Trees and shrubs MPH Mid phanerophytes E> E}vro
TPH Tall phanerophytes SUM Summer deciduous
FPH Forest phanerophytes
GPH Mega forest phanerophytes
SHY Submerged hydrophytes

HER Wetland herbaceous

EHY
HEL

Emergent hydrophytes
Helophytes

HER Terrestrial herbaceous

LHE
CHE
THE
GEO
HCH
CRY

Leafy hemicryptophytes

Therophytes
Geophytes

Cryptogams

Herbaceous chamaephytes

Caespitose hemicryptophytes

Table1’: >](
PO SA}Y o](

(}Eu
(}Eu

S P}YE] XhE& v, ]88
S PIE] » ~(E}u & E]JvZ rD E<cp » §

& PYE] « v

0 **](] .
oXU TiifieX

*JvPo

Super-categories

Categories

Sub-categories

ABE Artificial built structures

STR Built structure

Y <p 8] o0 u vs
PAV Pavement

RUB Rubbish

SEA Sea

Yh «<«p §]

ICE Ice and snhow

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
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15 &
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$PIE] . v 0 eel(] o

oXU 1
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Vegetation layers Plant height

Tall trees Over5m

Tall shrubs and small trees Between 2 mand 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

Table3:s P § §]}v > C B+ ~(E}u & E]JvZ rD E«p » § oXU iiifieX

Figure 1:Location and context
}C WYES}Y }Sv] o' E vX

Figure 2: Perspective of Porto
Botanical Garden (©Google
Earth) and overall ambience of
§Z ulv E <X
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Figure3: h@E& v, ]8 & & P}E] » }( WIESE} }8
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Figure 4: A18  « E]%&]}ve }( WIES) 18 v] o' E vX
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Figure5: s P § §]}v > C &+ }( W}ES} }§
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ASEXUAL PROPAGATION OF FOUR THREATENED ENDEMIC PLANTS OF GREECE
MAINTAINED AT THE BALKAN BOTANIC GARDEN OF KROUSSIA
FOR ys”/@OGNSERVATION AND SUSTAINABLE USE

sX N ZZKWKh>KhU EX <Z/'" AU X D >KhWw Z
, 00 V] PE] poSuE o KEP v]l §]}v ~, Ker D d ZU /ve3]$3

VRS
WE}S 3$]}v v A op 8]}v }( E 8]A v &0}E] HOSUE "% ] U WX X Aol ii d
Zu o}p% > PIXPE

ABSTRACT
dz olv }Sv] "® v }( <E}uee] ~ '<eU EX eéxtituconkervatipn & nati/p @ahts
W('E v §Z ol veX dZ '< Z ¢ (J&uUpo § Jve EA S]}v +SE 3§ PC (}C

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 othe
*} J}r }viu] A op 0 %0 v3e A]3Z @E}u 8] ru ]]vo %E}% ES] + }JE ] o
Ju%eco u vs S]}v }(d &P §« 6 v 0 }(8Z 'o} o v PYE}% Vv "SE S P] - (}JE&E
]Jvd Ev 8]}v o ¢ 0 X /v §Z]* (E u A}EIU %0 v3 u s E] o }E]P]v 8]vP (E}L
and maintained at the Laboratory of Conservation and Evaluation of Native and Floricultural Species was used f
e /EL O %o E}% P 3]}v A]JSZ «}(53A}} 8]% p38]vPeX dZErysithumlkrend®plajschekE $7Z
and Thymus plasonii u}A] U §Z A |Centa@ea@axorum WZ]§}e ~ ' JEP] ]e+Erysiméad E (
naxense "V}P Eu%V 00 E €& VP rE «3E] 3 U o} o 'E | v u] e+ A]3Z +u o0
Jve EA 3]}V % E]}E]SCU +Z}A]JvP 0°} %}3 v3] 0 }juu E ] o Jvd E 5 ~ E}u
% }S %0 vSe (JE& P & v]vPeX dZ (( § }( SZ Juu &E-]}v }( 8§z e }(SZ
IBA at different concentrations (0, 2000 and 4000 ppm for E. naged$e krendlji0, 1000 and 2000 ppm for T.
plasoniiandC. paxorume }v E}}3 (JEuU 8]}v A « § ¢§ (}JE 00 *% ] *X % 5 u}ee ~
]v iWi E 5]} A e pe (}JE 83Z [E% EJu v3X dZ E}}S]VP % E v3 P U 3§27
VoCl Jv}IE &3} A 0}% *% ] 0 % E}% P E kijendlisl@Eyedbgter re3 s withithe%o ]
He }( 111 %% u / <Z}AJvP {ii9 E}}S]vPU iiX060 E}}Sel ussjvP v 1iXo6i E}}
Jv 8Z u]*3X Z «% S]A oCU C 37 plasoni} (&3] VR %% /E (} E u *Jujo & E}}S o
ueU Jv E ¢ (E}}S]VP % E VS P p% 3} ou}ed 609 v vpu E }( A 0}%
% E]} }Y( e+ Av A leX Z}}3]vP }( .paxorum cuttings was successfully performed under mist in
A e A£Z] ]8]vP {119 E}}S]VP % E vS P U 86X060 E}}Sel pds]vP v 1TXoi u
/ E.naxenseP A 06AX06i9 }( E}}S]vPU id E}}Sel uddJ]vPe v 1Xi0 u E}}S o VP&
(JE 1PZ38 A 1l¢X 00 38Z C}uvP Jv ]JA] p 0os % E} A E SE ve%o v3 ]V 8§
Hv3]o 8Z ]E (]Jv 0 SE Ve%o0 VE]VP %}35 ]I ~TXfA>3.U Z 8]u Jv v vE] Z
*W * & 3]}U (JE 8Z |E op » <p v8 PEIASZ pv & pvzZz & PE vZipe }v 18
of the studied species allowed the creation of mother plants for each of them and facilitatedsiticonservation
V 8Z Ju 3] 3]}V %o @E} e }( SZ ¢ Alo *% ] X dZ]®e % E} e+ u C UEE vV
us$ El o (JE& 8Z epe3]v 0o A%o0}]8 8]}v }I(8Z+ Aop o Vv pv]leuy P v §]

KEYWORDS

Cuttings, Greek Flora, Aromatic And Medicinal Crops, Rooting, Propagation PErygsiaisim " %. PayKlks Plasonii
Centaurea Paxorum

INTRODUCTION

Plant diversity in Greece and the Balkans is exceptionalfy Europe or the Mediterranean region (Phitos et
rich and unique, presenting a higher degree of endemisno XU i866AV ~SE&] v dvU idd6+X 119
in relation to surface than any other comparable are@gpecies and subspecies) found in Greece are unique
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~ Ju}%e}po}e 8 oX TifiU Tiido«U (Juv VvVvIAZ «@G Jo= YA +8]P § JErgsihjumeSp C

§Z A}JEo ~'E | v u] **X ~ | E}QaxenseSndgek}d andErysimum krendliPolatschek
i060eX dZ pv]<cp v ee v & E]SC }(BEZsicackdetwovspeEiés of sectioBheiranthus ~> X ¢
Balkan flora demands effective conservation efforts as 5«3 XErysimum>XU E *% 3]A oC ~'I]l

it is under increasing threat from climatic change, fireBoth of the studiedErysimumspecies (E. naxense, E.
land reclamation, overgrazing and urban and tourigrendli) are local endemics of Greece that are restricted
A 0}%u v3 ~<E]P « § oX Tiid+X to& sihglePis@nd \of the cAagean Archipelago (Naxos
a key role in ensuring that plant resources are notonlyv  ~ u}$3ZE 1JU E E%naxsisis mtioXally
conservedex-situbut are also used sustainably for the~"v}P Eu%U i6dAs v Po} ooC ~to
v (13 }( 00 % }%o0 U Jv }JE E S} P EIN]1ZYE v WoBr_ Vv ]* %E}S 3§

JvP ~tCe : le}v v ~us8Z Eo v U T\WE& JWv@]ibiTeXE 0 B.IK@ddii nAtibhaly
The Balkan Botanic Garden of Kroussia (BBGK) has e« e "spuov E o _~E@adensdaiiio -
(JEupo § Jve EA §]}v «S3E § PC %D @}u% 000X MNE«E oC ] vv] o PE
v Z e } %o S §Z DJ]ee]}v "8 3 u v3A jo "EPK%S R FEBIi~rdiie u JA o o A
research, maintenance, propagation, evaluationi 6 & fk.\krendlii ] ] vv] o ~}E <Z}ESro]A]
conservation and sustainable use of the native planpkant growing in phrygana, roadsides, and rocky areas
of Greece and the Balkans, combined with raising theEE}u TAIriUiii~riUfiie u ~<@&]JP U 1110

VAJE}vu v3 0 A E v «+ }( 8Z % oThynXis plasoniis assessed as Endangered due to
In the context of the global efforts to halt biodiversitysmall area of occupancy, small population size (<8000
loss by 2010 and beyond, emphasis is also givenindividuals) and high probability of habitat alteration /
the creation of a link between thex situand thein destruction imposed by human activities and many alien

situ conservation actions regarding the IPS of Greeé& o0 vSe ~<E]P «U 1110 X
v §Z ol veX }ve] & §]}v Z « Gentaureav pBXpfum is assessed as Vulnerable due
by adjusting BBGK'’s individual conservation actiodss & <SE&] $§ & vP ~e¢]JvPoO r]eo v %

in light of the targets of the Global Strategy for Plamintipaxoi), small population size (<5000 individuals),
Conservation (GSPC, 2002) and the European Plamismophytic, high probability of habitat alteration /
Jve EA §]}v "SE § PC ~ W AU 1iiT - -destriition indpsefvbywunpiural phenomena and human
the BBGK has undertaken initiatives and has developed$s]A]8] « ~<@E]P «U 1iid X
a strategy for the maintenance of extensive motheCuttings are still one of the most important means of
%0 VS §]}veU A 0}%u V3 }( %o E}3%oloovS( UEE PWEP $P}vX D vC v A %0 v§e
propagation and cultivation, estimation of the marketoJu]sS  * %o (E}u (A 3} 1 %0 vieX 'C
potential for possible introduction of new products ins obtained and plants are usually reproduced with
ornamental floriculture and horticulture, cosmetology,A]ESH 00C v} P v §] Z vP ~, E&Su vv
pharmaceuticals, food flavourings, and landscapingu }( 8Z %o @E * v3 *3u C A « 3§} % E}
~D o}u% S oXU 7iid X asexual propagation protocols by cuttings for the four
Current scientific literature regarding the biology ofare and threatened Greek endemic plants as a means to
uvGC HE}% Vv SZE S v %0 vS % cotribjte tquthsirer-fittjcbnskrvation and sustainable
The same applies for the rare and threatened Greek$]o]i $]}v X

MATERIALS AND METHODS
Plant Material

Plant material was collected from the natural habitats of Asexual Propagation
the selected species as a result of botanic expeditioResearch on the asexual propagation of the four species

JAVANVERS § (0}JE]*8] 00C Ju%}ES VA «E}v + XPXUO}IES AL}V )% pSSJvPe }(
W EIleU E dhZ 7Tiii ¢]8 ¢ Vv }SZ E %l®}S pEJvRE «@6Cru] uSpuv (Elu
For each species collected, site specific information wasA 0 } %o Jve] §Z PE& vZ}lpe EIiXir?
kept (location, region, altitude, longitude and latitude) asaxensdJ Trd u (} @& EUkrendlii . pla@niand
A oo - S§]Jo Z 188 ¢ E]%S]}IvArdo wdmsorunyex dz U(( $§ }( §$Z uAE]
received immediate care in the nursery since theyr usC &] ] ~1I « § 8§ZE 1(( & v§
E }A E (E}u SE ve%o v3 §]}v *Z} (0~100@ xnd 2800 ppm for E. naxemsa E. krendlji
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0, 1000 and 2000 ppm for T. plasamid C. paxorum) per species, the number of roots per rooted cutting and

v E}}8 (JEU S]}v A « 8§ «83 X (3 E BUIEe]|WEZEAI E]vu pE X Z}}8]vP A

in solutions of different IBA concentrations, the cutting$e E VvS P ~9¢X WE} | E}}S8 %00 \

were placed in propagation trays in a substrate of peat% | « A E 3$Z v $E Ve%o0 VS ]V %o}3

(Terrahum) and perlite (Geoflor) (1:3 v/iv) and maintainedues v e ¢ <g v80C Jv XA > }vs Jv]vP
§ }8S}u zZz 8§ v Z ¢ ]v %0 *S] PE SvZIpee Wlod rTeU % E&O0]S Vv <}]c
S U% E SPE A < | %5 § ioriif U Addre majrdgingdwabahe@userdwith the aim of creating
A« iArTAE % v JVvP }v A §Z E }vaddéduate Kitidtian &pkerial for future experiments on
Zuu] 13C A ¢ % % E}A]Ju 5 0C 0irdf9 Ay G JXE /B %E [EPu&}% P 3]}vX

lasted for 8 weeks fdE. naxenseb weeks foE. krendlji

7 weeks for T. plasonéind 3 weeks for C. paxorumStatistical analysis

followed a randomized design with 7 replications perv oCe]e }( A E] v A « % E(}EuUu A]Ss

treatment for the 3 following species (E. naxense, #atistical package and mean separation with Duncan’s

krendliiandT. plasonjiand 8 replications per treatment Dpo3]%0 Z vP d «3X ~]Pv](] v A « E
(}E& X % A}EMUX § §Z v }( 8Z E% EJu vS 0 % E]}

RESULTS
Vegetative propagation dE. naxenséy cuttings was RegardingT. plasonji the best rooting treatment of
U ee(pOOC Z] A A13Z]v 6 A 1u8B]vPPIA]ISZ]v 6 A 1e A o Tiii %% u /

Oill %o%oue JV E ¢ SZ vpu E ~idriX&dinu o}vP VPEAXXG66iI9 E}}S]VP % & Vv
W E}}S8.IE}}S uss]vP ~TXifAriXTiwas not affiektedEue t6 lincreasing IBA concentrations
§Z JVv8E}o ~1 E}}8e iXid U O}VPeXiXGEIVRIIA weZ]PZ}uU% E]e}v 8} §Z
~0fiX0i9e v ou}ed }po AZ v pSSIGAPA @ & 3§

Al8Z 8111 %% u /| A]S8Z E +% 3§ $)AseXual/ propagdiEn $C. paxorum cuttings was
HES]VPe ~3TX009¢X ~&]PX TU TeX e  ee(u00C % E(}EU A]JSZ]v i A leX

In E. krendliicuttings, rooting was optimum with 20007111 %o %oue* % }*]3]A oC (( & E}}S]vP
v 8iil %% u / X Z}}5 o0 VPSZ ~dXDAXOAAGXBPPZEWS vuu EU AZ]Jo §Z
A18Z 1111 %o %ou / v E}}S vpu E AWXDN9 GRSUVP XA]SZ i0Xd E}}SeX ps:
Z}}3]vP A « {119 ]v 00/ SE 3u vSeUii}wh iTEl % %o8Zz/ P A <Jujo E E}}S
}JVSE}o ~06fAX0i9e ~&]PX AU fieX iX06 wue 8} §Z }vSE}o ~T1X0d ues ~&]P
DISCUSSION

Considering the recent challenges in regionaicrease the number of roots initiated per rooted cutting in
conservation planning, it becomes apparent thatthereis vpu @& }( *% ] ¢ ~ u]v Z § oXU i6dfieX
an urgent need for increased applied research in order Thhe exogenous application of IBA generally improves
develop propagation and cultivation protocols for targaooting inThymus %, ] ¢ ~/ %] Z]v} § oXU 1
plants threatened with extinction, towards speciesurrent study with T. plasoniBA (1000 and 2000 ppm)
recovery and populations’ reinforcements (Maunder etE e po$ Jv Jv & - E}}S]vP % E v
oXU TiiiVv " & «v § oXU 7110V pvte aSprevigud rfesiiareh study conducted by Krigas et
In the present study witk. naxensebest rooting results o X ~TiiieU ¢ g 0 % E}% P S]}v }( -
were obtained when cuttings treated with 4000 ppnof Thymus holosericeusas successfully performed in
/| X 18 Z e« A] oC V } pu v8 3Z SiAuAEQy-ALEBU}IXi9 / P A 0619 E}}S]v
adventitious root development of stem cuttings throughA]8Z {iXi E}}Sel pds]vP v XA u E}}
their ability to promote the initiation of lateral root present experiment regarding plasonii ussJjvPeU 081 -
% EJUIE ] ~> I C § oXU i6d7eX 06fiX0i9 A E 3Z Z]PZ & E}}S]VP % E
In the other studied Erysimum species (E. krendlii), the auxiqS & OrA | % E]} v EoCru] VRS
hormone IBA had a significant effect on rooting performantiee combination of GIS data with previous experience
of cuttings with 2000 and 4000 ppm concentrations to ben rooting of other species of the same genus raised
§Z u}es (( 3]A X vZ v ]vP & § }( probagdtich]bpeceds}dsT. holosericeus EoC C 81i¢
development with auxin application has been found to- (E}u &f 3§} 6i9 E}}5]vPe E A o]vP
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was the appropriate season for the rooting trials sindbat juvenile Centaurea tchihatcheftiuttings treated
greenhouse temperatures emulate those in its naturalith 500 ppm IBA for 10 min gave the highest frequency

VA]JE}vu v8 ~<E]P « § oX Tiii*X of rooting, root number and root length along with
With respect to studyin@. paxorum, the application of v}Eu o (0}A E]JvP ~Ki o § oXU 1iioeX
it v 7111 %% u / Me ir(}o ]vAdilitionallres€rrghds needed on the rooting mechanism

number whereas IBA, irrespective of concentration lemhd to know the functions of adventitious roots in

§} 1119 E}}S]JvPX /v E ¢ vpu E }(SE}}I6pv]sS]wWbg EJoPC }( SZ %0 vSX =
for the plants to increase their ability to exploit soibehavior and relative contribution of these to the total
water and nutrients, which in turn increases their overalle E(}Eu v }( §Z %0 v3 A}puo v (
PE}ASZ ~KIl o 8§ oXU 1iioeX dZ =« u MSZ}Es E %o} ES

CONCLUSION
All four Greek endemic species (E. naxense, E. krendlimplementation of Target 8 of the Global Strategy for
plasoniiand C. paxorum) were successfully propagatevVo v3 }ve EA 3]}v ~Z33% WIIAAAX X]
v (( S1A % ] *re% 1(] %o@E}35h5}Aee YZPAV S S EZ E Jo % ]| or %o
% E} M (}E& SZ JE& =+ AU 0 % E}%Bethedr } optim@d} } BoptilgW pedfdrmance and IBA
iii9e §} | u%oexsdtul@@nservation at the }v v8SE S]}vX dzZ }v vSE S]}v }(/ uj
Balkan Botanic Garden of Kroussia and to facilitate thelrosen in order to avoid induced after effects, depended
*ueS Jv 0 A %0}]S S]}vX dZ]e *Su QGVHHID vESe%o (] {B]EB]e *Spu C ] 35 %o (
asexual propagation by cuttings protocol for the regeneration, sustainable utilization and conservation of
situ conservation of the four rare and threatened locaBZ « & & v SZE Sv '€ | v u] %
endemic plant species of Greece contributing to the
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TABLES AND FIGURES

Figure 1: Adult plants of
four studied species in their
natural habitats in Greece:
(A) Erysimum naxense
(Naxos lIsland), (Bgrysmum
krendlii (Samothraki Island),
(C) Thymus plasonii (Mt

Chortiatis) and (Dfentaurea
paxorum (Paxi Island)
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Figure 2: Effect of IBA
concentration (O, 2000,
4000 ppm) on root number/
rooted cutting, root length
and rooting percentage .

naxenseuttings 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

IXiT v XA > %}Se (5§ & ii
weeks, (E) 16 weeks, and (F) 5

months
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Figure 4: Effect of IBA
concentration (o, 2000,
4000 ppm) on root number/
rooted cutting, root length
and rooting percentage k.

krendliicuttings after 5 weeks

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

iXiT > %)% (8 E 8 A |
~ ¢ IXA > %}Se (S & v
A 1eX
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Figure 6: Effect of IBA
concentrations (0, 1000,
2000 ppm) on root number/
rooted cutting, root length
and rooting percentage in T.
plasoniicuttings after 7 weeks

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

IXTT > %}8 (S & 7T Ce Jv 8§Z
greenhouse bench and (E)

IXA > %}Se (S & A u}vsSZe ]v
natural conditions, outside

greenhouse
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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

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

iXiT > %}%e (8 E & /f
~ ¢ IXA > %}Se (S & v
weeks
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THEME D
ROLE OF BOTANIC GARDENS
IN THE EDUCATION PROGRAMMES



THE BOTANICUM: NEW OPTIONS FOR SCIENCE EDUCATION AND PUBLIC OUTREA(
AT THE BOTANICAL GARDEN OF THE UNIVERSITY OF VIENNA

D/ , > </*\E s/ ZP Z'bh[IX Zd/E*QK&Z E< ~ ,hB , Z
E : Z2h, z2a2 /Z2'/d "™ > 18 > Z

1Core Facility Botanical Garden, University of Vienna, Rennweg 14, 1030 Vienna

2Event Management, University of Vienna, Universitatsring 1, 1010 Vienna

U % ESu v3 }( i Sre% ](] U 3]}vU hv]A E+]8C }( /vve Ep IU d Zv]l
Zul] Z oXIl] Zv>pv]A]l X X &

ABSTRACT

The Green School Program at the Botanical Garden of the University of Vienna has been established more than

C E+ P}X &E}u §Z P]vv]vP }VA E + 3Z % E}PE u A+« A 0}% A]3Z §

options and needs of university education for biologists and future biology teachers with the demands for educative
§]A18] » 838Z P E vX

The present paper describes the history, the rationales and the ideas behind the development of different kinds a
31A18] « }( 8Z]* % E}IPE u v ]38+ Jvd E 38]}ve Al3Z ]JA E+]3C }( & EP 3§
}vs ESX /S 0} E ( E* 8} ¢« ] VvVS](] & ¢« & Z % E}i 8¢ Jv oX Z o}E&rU u

§Z uX /v ]131}vU }%3]}ve (JE (HSpHE A 0}%u v3e }% V]VP u% V}A e
H]o JvP +% ] 00C A}S 38} 8Z % E}PE uU E % E « v3 X dZ]s plo ]vl

JUSE  Z v u 3]}v  8]A18] » 8Z AZ}o C & E}upv X

dZ % &} ¢« < }( v 82 1 = Z]v §Z A 0}%u v3 }( 8Z % E}PE u 3} E

program will focus on three target groups: (1) children and school classes, (2) (future) teachers and educators, and |

§Z P Vv E 0o %p o] X /5 o<} Aloo }v3]vp 38} A %0}E +Cv EP] « AJs3Z 5§ Z

]v JE A]§8Z 8Z @& o AvS PEE] po X dZ v A % E}PE u AJooU ]Jv % ES3|

A13Z }8Z & 81 Z}o E-+X

Scientific evaluation of the program will continue, aiming at getting better insights into backgrounds, demands, need
Vv JvE E ¢3¢ }( J(( & v3 3C%o *» }( A]*]8}E PE}u%e }( 3Z P E vX dZ + ¢
}us e ee(po Jv Vv3]A e (JE J(( E v8 § EP § PE}u%e+ Jv E 3]vP v " v

Av SUE o0 0 }JE SJEC U v *Z 00 Z 0% 3} (WESZ E }%3]Ju]l §Z VR VA

KEYWORDS
Green School Program, Science Education, Science Communication Research, Didactics Of Botany

INTRODUCTION

Since its establishment more than 25 years ago the % &S }( S$Z o & S]}ve }( ]85 oOfie
cC'E v N Z}}o WE}IPE un § 8§Z }38 2015 the Utiversity of ¥nna decided, with support of
University of Vienna (Hortus Botanicus Vindobonensisponsor, to build a special facility for the Green School
HBV) has been aiming to trigger curiosity and excitemen§ §Z2 P E vW §Z }§ v] puX dZ]e pu]o
about natural sciences, addressing target audienceswiden the scope of topics offered to different potential

oo P+ v ¢} ]oO IPE}uv «X dZ uskishdmiél]provid@&smew]dptions for education and public
by the HBV have been designed to get insights into thuSE Z § $Z , s §Z AZ}o C E E}p
world of plants, and to gain first hand experiencesabotZz ~'E& v "~ Z}}o_ % E}PE u Z - \
§Z MSC Vv SZ Ju%l}ES v }( ]iopddlleloto tha Bedss 6 X university education for

As a green oasis in the city centre the Botanical Gardeh}o}P]*Se v (USHE ]J}o}PC 8§ Z E- -

provides options for expeditions into the world offhese synergies are currently further explored, and will,

plants and for scientifically based studies on all kindsibfpossible, be expanded in accord with the relevant
]}o}P] o0 <p ¢8]}veX MHEE] po ~<] Zv 1iio X
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Courses and programs and the interactions with thees e¢¢ X ~u Z ¢Sy ] ¢ ¢Z 00 }vsS]vu
target groups have already been subject of evaluatidarther support a permanent optimization of programs,

v E + E ZX dZ]s A CU JvS E +3¢ }to%(E)E Z5> N ]3M}oe }( 3Z '"E Vv * Z}}c
and the effectiveness of the offered programs can be

MATERIAL AND METHODS
Based on the personal experience of the first author, interm@leen School programs developed for the public outreach
documents and reports of the Green School Progra} ](( E v3 PE}u%ee }( P E v A]*]8}E-X
and the Botanical Garden over the last 25 years, and dmyucation research projects are exemplified and put into a
evaluating relevant publications, conference presentationsE} @& $Z }& S§] o (E u X ¢ }v S§Z »
V e3u V3e0 3Z o sU 3Z %o % E %o E phieriendes pP ddre Ihah}25 Fears, the paper presents
developmental processes of the different Green Schaitategies for a future oriented development of the public
§]A18] «+ 8 8Z ,s (JE $8Z o 3 1A Coutleach drid educdidn actigifes incorporating the options
interactions between the creation of curricula for biologynow provided by a Green School building allowing activities
v § Z E<0 pn 38]}v $38Z hv]A E]Z}Ag}ovC VESZE}uv X

RESULTS AND DISCUSSION
t]SZ ul@® SZ v §iXAlIl % ] ¢ ]Jv ]S+ gebmsightvinto~tkeg coNections and are encouraged to
1110 ¢« 8Z , s Z  }uE*s % ]  rE&] Zdevalap shdhvinfdrniati@h leaflets or presentations on
(Elu 3 u% E S S} SE}%] o & P]}v-dpits specili¢ally Zelevathofor thé Botanical Garden, mainly
are on view to the circa 150,000 visitors annually coming{d @& $Z P v & o %W 0] X / 00C SZ ¢« o0
§Z P& v ~<v]luvv ™ <] zZv TiifdeU v gw J&p+C Jvlv §Z P E vX ~}u SJu <L
the teaching of university courses in biology and pharmacp e} € *uoS ]Jv ¢ ] v8](] %op o] S]}ve ~ X
Vv Jv E+ E Z %E&}i SeX dZpue §Z HSivl oEZE]SM}Y* ~ XPXU <] Zv ™ oX idd
Aopu o *}JpE }(usd E]Jo (}JE «5p ] «1iBIBZ }svPA"EDESQKOU }E Jv D «8 E }E
However, there were no university courses directlr XP XU t]v JvP TiiiU <}Po & TiiTeX "Su v
connected with the collections of the HBV when the firthese types of courses successfully are invited to actively
MEZIE }( 3Z] %o %o E A o %%} V3% @ 3|ujWo F}FVv]FZid®EXV » Z}}oX
Also, there was no program to cover the demand for
Puj SIUE:* (}E « Z}}0o 0 e+« ¢ Jv §Z B CEatioX of ph Dtgarisational structure to handle
following years, an integrated approach was applied the requests for guided tours: Initially, the first author

change this situation in a synergetic way: of this paper handled the whole organisation of the
Puj S}UEe ZJue o( v o0} Pyu] u}es
a) Development of new university courses especialyZ]e o]Ju]s §Z vpu E }( %l}e*] O §]

«]Pv 8} Ju%e E}A <3p vse0 ]vA}odvailabity éf[dedicated students this situation changed,
knowledge of the Botanical Garden and its collectiorsnd the need for an organisational structure became

SA v i66i v i60AU SA} v A SC% * JA] JIVEX tSZE cu% % }ES }( $Z s] rZ

]Pv 8} (]% 8} 8Z WEE] po }( 3Z UhivdrditydrYEeng tesgonsiblXfor teaching, a part time
One course especially addresses future teachers af@}e<]3]}v (}&E 11E Jv S}E }( S$Z %o E}
eSu vS8e ]Jvs E -S Jv <] v } uu pv] The] Pgsocialionuof the Friends of the Botanical Garden
§Z P E v VvV ]3¢ %0 v3e 3} Ju% E}A pEE vEro (poo}vPy (JE <35p vie AJEL
developing appealing and short program units on planthis way, the annual number of guided tours for school
vI}JE VA]JE}vu v o *]v ¢ (JE (]wlassedHP te RdRtput%# ¥he Green School Program
dZ]e SC% }( "* ] v U StV JUE:* ]y & %o %oEES pvi|SJv SZ i00iee S} 101 ~

for practical training and has therefore become verypopular oX 1110 X Su ooCU uj}&® sz v oU
A18Z 8Z 3p v3eX t]8Z «}u u} 1(] 8]We-EJE VPAS]vPY A EC C E v X iii
} 0]P 3}EC % ES }(8Z PEE] popu (JEAISLE}IESZ B-E vX ~]v 1iioU &z

dZz + }v SC% }( }IUE* ¢ ]* %O the Gie2n Schdolag ffaced at the Event Management of
v D ¢ Er yEE] po v Je JE § thé&lhiErsity eBiennd and the whole program is official
Jvd E «8 v }3VvC v }ve EA 3]}vX %®EQY FZ 525 ou30] }USE Z 3S]A]E] -
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e K%3]}ve (JE *3u v3e0 5Z « » }Vv}§1%§]A}E]E ocFAovE 3} Juvsd E & Z %o
(JE 8Z JuSE Z % E}PE u-W - comiiomopgeiceptien that plants are uninteresting or
participation in the above mentioned courses studentsoring, and they are often overlooked in everyday life;
were encouraged to prepare diploma theses directly v E- T N Zueeo E T11IU , ®eZ C Tii

Jvv 8§ A]J8Z 8Z P & v v ]3¢ }uHaEstior whhicEERI@E ane Mteresting for certain target
More than 30 theses have been successfully finished aadiences and to the creation of scientifically correct
(EX "pi 8« }A E C *U Z SZ e« epdieeptidns (dBdu poliidation and dispersal of plant
related to plant systematics, morphology or functional] *%} @& ¢ ~> u% &3 T1iTU D CE Tiide>
SE ]38 ~ XPXU '"& ( 1116U ,,0 o]vP Gdurses were devélbpied fobgiQufs of all ages but mostly
2016, Mutlular 2016, Teubert 2013), geographical rangder school pupils between 6 and 18 years old, as their
*}Jo }v ]8]}ve }E pe ¢ ~ XPXU W/( vvigt othéBdtanidal ®aydarvasmft@n their first conscious
T1ioU ~ o0 erz ] zZ ESl E Tii6U » SjvP € A|EAWSEIE Vv <% ] ooC A]sz
characterization or revitalization of certain areas in thBome of the studies were based on the observation
P& v ~ XPXU Ev E TiiTU > uu t@azZthé&Eusefulndds of planfsvseems to be an important
TiiieX "Yu §Z «+« A v "P} C}v S§Zcrirri@h for dhildem for arranging plants in groups
as restoration plans for a school garden (Millern 2008}, < E&°P & ~ p&u <8 €& TiiAeX dZ €& (}&E
of a monastery garden with touristic potential (WeisS} ] VvS](C Z(0 P*Z]%re% ] [ u}vPeS§
2016) or with practical ideas for green school programs %SUE&]JvP Z]Jo € ve0 383 vS]}vU =+ ]Jvs§

§ }83Z E P E ve ~] Z]vP E 1ii6e+Xnfluence on tihe mptivatiom o gather new knowledge
these theses provide new materials and toolstobeused,] ]| = J& 660X /v 181}vU 8§Z <«
]Jv §Z }uSE Z % E&}PE& ue }( $Z , awerestin useful plants is evenly distributed within the

target groups, whether interest in plants changes with
d) Development of materials and templates foage, and whether there are some areas of knowledge
Pul SIUE* V % EIPE ue Jv oX SAZV]ZP & «Q}vAW E[ IZvVv }3Z E- Z A
materials and programs developed in the context aferies of studies on these topics started in 2008 and is
the university courses and theses provide a wealth sfill ongoing, with the aim of developing an educational
% E& S] o S}}oe ue (pOo (}E Pu] Shu@Ems v MpIEIPSE 87X pe (MO %00 vSe
Yuld (83 vU sp Zu 8 El os A E %® 137 @EC 3E3S~ oXFZiiU po ]3v E 1iid

MSZ}Ee+ Jv §Z P E vX /v 181}vU WMCEGT SIPMVR & RitA U TiiA U W vC Tii
were developed especially designed for certain typelsiiée X }ve <u v80C §Z }1Sv] o' E v
Y % EIPE ue ~ XPXU }v pe (MO %0]VvsSD SUEE GUVHocohvEUuVvV]Iu%eE&}i § JPW]
Jvd E 3]}veeX Z 0 A v3 u § E] o° Z AP % vV XE V%& IEX (}E

](( E v §}%] » ~ XPXU (0}A & u} o*U Z u] o0+U }E 0 Ve o=

% E -S}E s} e C SZ Pu] -f) Ponsequenkes:oo
the accompanying texts, explanations and backgrouldsed on different studies mentioned above, several
information are digitally available at a computenew educational concepts have been proposed and

ee] 0 (}E 00 Pp] X 'n] + Z Apagly irkicted]a] othd @Bofhic Garden to optimize
gain experiences by joining other more experiencestrangements and presentations of a number of plant
guides and by attending training courses offered oR &} U %o U ¢% ] 00C }( SZ He (HO %0 \
& Ppo & *°]* (}J& +» 0o S8 S}%] *XZ"}QPW( S % e SU XPXU ]* %00
and the rationales behind them have meanwhile aldood plants was established as joint effort of trainees and
been published in international journals or conferencstaff of the Botanical Garden, project collaborators and

%o E } JvPe ~> u% ES ~ oX TiiTU TidAz)Ro |] «X dZ]e % E}i S ] 0} %o E ¢
Al*]8}E+ v ]+ } pu v$ C Z 0}E &

e) Establishment of evaluation tools: Elements of the Green School Program meanwhile have
e §Z AZ}o % E}PE u ]* u Jv §ZN E%ZEE<0_ S} }SZ E o} S]}ve v

education activities at the University of Vienna, thijv pneSE] U XPXU ¢ }uE&e ¢ }( $Z Z
offered a possibility to develop research and evaluation Vienna or in Steyr (Upper Austria), or at the
tools to accompany the development and to test<]v @EPV]A Eepu Jvt ] Z}(v X Xz o ~
§Z (( 8]A v oo }( ES Jv % E}PE u*X D i}E (] o
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CONCLUSION
The Botanicum building will provide new optiongn consultation and collaboration with other stakeholders,
for science education at the Botanical Garden of theXP XU §Z HeSE] v B S]}v Ju% S v
University of Vienna, as it will allow to link indoor andZ hv]A E&<]3C }( s] vv U }38Z & puv]A
outdoor activities and to operate during the wholeorganisations, or school boards of the Austrian Federal
C EX /5 0°} %E}A] + 5Z <% (}EB SEU]JVOIYP %}EEE uy (}E % }*SIPE u
seminars in need of presentation facilities or technicalv % E}( **]}v 0 A 0}%u v3 }( 8§ Z E-
<U]%u v8 o]l u] E}e }% X dzZ]e Bejause ofltie inar@different types of visitors, the garden
expand the potential scope and improve the effects dd a perfect place to continue testing a variety of teaching
§Z (USHUE %oE}IPE uX V. %ud 0] JUSE Z u §Z} X dzZ €& (}CE
An evaluation of the whole range of the current activitiesvaluation of the program will continue, aiming at getting
including the different guided tours and projects and thbetter insights into backgrounds, demands, needs and
accompanying tools and materials has been started, aimifig$ & +3« }( ](( & v8 3C% * }( A]*]S}E F
at streamlining these activities for the new opportunitie®resentations and publications of the results of such
% E}A] C 3Z %o}e+] 10]13C }( ]V }}@ESuS]A]3] X « 3y vEe0d §Z « ¢ 0°} v (}C
The new program will continue to benefit from thepapers), will be prepared to reach a wide audience of
*Cv EP] +» A]J3Z 8Z 8§ Z Eed0 Vv o+ VF]eS+p SHEIYw ] v3]+Se v }3v] oF
§ 83Z uv]A E-]JSCX < }v §Z /[ %n a@dition, <hd @acticdllacivities of the students and
A C Es v (E}u Spu] - Jus A]e] $hidesdin thedreevidrk i the program and the success of
Vv ]Jvs E S ~ XPXU W( vvZ pe & ITinferdctishswith tlifféretd target groups shall strengthen
S1lvP §Z v G -<]vP uv }v ?~oltheoknoRledgeBasky Bompetence and qualification of
opportunities into account, it will be designed to explicitlgfuture) teachers and educators to create curiosity and to
serve three target groups: children and school classes,0]A & ¢ ] v38](] }v3 v ¢ %% O]JvP =
~(USUE « § Z E- VvV M S}EU v 8§Z P v E 0 %M 0] X
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the University of Vienna Botanical Gardéw. tJoo]+} Gardél't] vW }§ v]e Z E ' ES vU hv]A E-
<v }v ~X ~<TheXeaire of Success: Success fer}Po & X' Blitehbewegungen bei Bulbophyllum

E SUE X dZ oaU /vs Ev §]}v o }Véebd - Anplyse des Beweglmgsmechanisnuisster
Botanic Gardens. Congress Proceedif@w: BGCland $Z «]*X s] vv W hv]A E+]3C }( s] vv X
KE(JE W hv]AX }( KE(GJE }5v] ' &EYYP E XU pEuU “WieESchiler Pilazen

'"& ( "X ~Died ssystematische Abteilung desrdnen.Zeitschrift flr Didaktik der Naturwissenschaften
Botanischen Gartens der Universitat WieDiploma §iiW O8AriiTX

§Z ¢]*X s] vv W hv]A E+]3C }( s] vv>Xuu EZ]ES Xonrzeptizur Umgestaltung der

, E+Z C X ’PlantiBlindness: ‘We have met théGenetischen Gruppe” im HBV nach wissenschaftlichen,
enemy and heisus.” Wo v§ ~ ] v poo $]udidetischedV aridt 6 §axtnerischen  Gesichtspunkten.”

] 1 XU ]E thteresbrigness — a neglected ]%0}u 3Z ¢]eX s] vv W hv]A E«]5C }(
variable in discourse processingdgnitive Science 10: > u% E3S WBlUtefiuric Bestduber” ]% o}u S§Z o
i66ti6oX s] vv W hv]A E-*]5C }( s] vv X

,,0 0]vP DX "bdd iSystem der einkeimblattrigen> u% E&S WXU W vC WODUrck HiZBlumbeX ~Ti1
Pflanzen im Botanischen Garten der Universitat WieBllUten und ihre Bestauber.” Unterricht Biologie 375,

]%o0}u 3Z ¢]eX s] vv W hv]A E-]3CijfisXvv X

,,0lo DX ~TiDidaktische Uberlegungen zur> u% &3 WXU Z}e D XU Baildidgrmbdéls~1iif
Préasentation  bliitenbiologischer ~ Ph&anomene it build up unterstanding.” W % X ii6riio ]Jv /EA
Botanischen Garten der Universitait Wieliploma ,} *}v XU W@E « Z ~ oA u ZXU 'Th& Av]
§Z ¢]*X s] vv W hv]A E+]3C }( s] vVWE} JvPe }( 82 '/ 88U /v Ev 3]}
< (& D X "Mandeh und Pflanze vom 16. JahrhundeBducation in Botanic Gardens. Biodiversity for a Better
bis heute - zur Biologie, Kulturgeschichte und Nutzwprld. Wild Ideas Worth Sharing” Z] Zu}lv U " EC
ausgewahlter Pflanzenarten des “Hortus Eystettensis” /X
: Datenerhebung und Erstellung von Materialien fir, Ev]31} X Sehiilefimnen-Interessen zum Thema
zZielgruppenorientierte Prasentationen.]%.0}u § ZGelsizpflanzen und der Einsatz von forschendem Lernen
s] vv W hv]A E-*]5C }( s] vv X im Biologieunterricht.” ]% o}u §Z *]*X s] vv W h
<] Zv DX ~ Xcondithéria. Gewdurzpflanzen in} ( s] vv X
Koch- und Backrezepten aus der romischen AMilen: D C & :X -Audlreitungsbiologie bei Pflanzen.”
Institut fiir Botanik und Botanischer Garten, Universitat] % o}u $Z *]*X s] vv W hv]A E+]3C }(
t] vX
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D°0o0 Ev < XRevitdligierung eines Schulgartens —
wissenschaftliche Grundlage und didaktische Konzepte
fur einen Nutzpflanzengarten.”]%c0}u SZ ¢]*X s] vv W
hv]A E+]3C }( s] vv X
DuSopo & :’Botaiisthe Charakterisierung und
Dokumentation der Baumarten des Botanischen Gartens
der Universitat Wien.” 1% o}u 8Z +]*X s] vv W hv]A E-]5C
}( s] vv X
W vC WX ~Bchiiler_innen-Interessen  anW ( vvZ pe E D Die~Rammenische Gruppe im
Nutzpflanzen. WZ &§Z «]*X s] vv W hv]A Boidiischérf Shriem Her Universitit Wien ]%o 0} u
W vC WXU , ] ]vP &E Nukpflanzeni als §Z «]«X s] vv W hv]A E«]5C }( s] vv X
Jtaroffnert  far die Vermittlung botanischer InhalteW pu % 0 E VD¢ Seirpéotingruppe im Botanischen
- Haufigkeitsverteilungen von Interessenprofilen aBarten der Universitdit Wien Geobotanische und
Hilfe fur die Planung von Botanik-Unterrichtseinheitepflanzendkologische Aspekte von Lebensraumen lber
EIl vvdv]sA P ]J}o}P] ] 18]l iiW TfrSkipentinit.” ]%o}u 3Z «]eX s] vv W hv]A E-
W vC WXU , ] ]JvP @ncoxeringipatterns of » o «rZ ] Z €31 EDieXNutdfiahzengruppe
interest in useful plants - Frequency analysis of individdak Botanischen Gartens der Universitat Wigiploma
students’ interest types as a tool for planning botangZ ¢]*X s] vv W hv]A E«]58C }( s] vv X
teaching units.Multidisciplinary Journal for Education,® o rZ ] Z €31 & : XU W vQOpEdng <] Z
"} Jo v d Zvio}lP] o A ] v ¢ T~ieUWhéfifiido® on ‘plant-blindness. 0 Z}}3e 60U TW Tiri¢
W vC WXU , ] JvP E XUT&P1252; Dhe ~i§ipwP E sXFachbdfamische Beschreibung der
potential of useful plants as flagship species to counterattitzpflanzen im Botanischen Garten der Universitat
plant blindness WX 8068 Jv «3E 3§+ }}I MienW}eBodBe $Z «]+X s] vv W hv]A E-+]5¢
*SE 38X yly /vS v §]}v o }S v]daq P &X -DXaspdténskologie im Botanischen
~nZ viZz vU Z]Jv W/ X Garten der Universitdat Wien."]%o}u §Z ¢]*X s] v
W ee 'XU <] Zv DXU > vP /XU RV]AJ@PIEC B]s] vXUX
]Pv Er (E pee OFachdidaefttk “Biologie undt v E- X XU N ZuesTow@d athedriidf
Umweltkunde” an der Universitdt Wien: Evaluierunglant blindness.Wo v§ ~ ] v poo SJvU 06~i-
von Organisationsstrukturen; Kooperationsformen mit ]« D X ~Tilofgarten Seitenstetten: Evaluierung
Schulen und methodischen Innovationen in der Lehder Potenziale fir Vermittlungsprogramme sowie
W% X 0ir6o ]v “Hadkdidaxktik imMwufbruch. ZurEntwicklung von Infrastruktur und Mediemiploma
Situation der Lehramtsstudien an der Universitat Wier§Z «]J¢X s] vv W hv]A E«]58C }( s] vv X
&E VvI(HESIDXU Eo]vU EvU E A §o P UXE~ActiBndel BoskilEn indBHRY.” Diploma
t] VW W § E > vPX §Z *¢]*X s] vv W hv]A E+]8C }( s] vv X
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FROM BOTANIC GARDEN TO THE SCHOOL: NATURAL SCIENCES WITH
THE IBSE METHODOLOGY OUTSIDE CLASSROOM

X X ds Z "M | CABRALD X2 >s 7

s~ ]1v Dpue pu }( 8Z hv]A E«]3C }( }Ju E U > EP} D E<ple Wlu oU Tiii

2Centre for Studies in Human Development, Faculty of Education and Psychology of the Catholic University, Rua Dit
}$ oZ}U iii6U oiodriiA W}ESIU WIESHP o

Z 35 A E>p X%S

ABSTRACT

E}vi(}JE&uU o p S8]A « 88]JvPeU ep Z « P E Ve V uUMe pusU <+ A oo « 3Z /v«
uposd]( 8 v Sy v8r v38 E u S$Z} }o}PCU %0 C v e+¢ vs8] 0 E}lo = §}}o
experiences in a Botanic Garden, our aim is to study the integration of IBSE outside classroom in a formal Portugue
e« Z}}o }vsS ASX dZ P} o ]* 8} uv Ee+S v SZ Ju% 38 }( 8Z]*e u 8Z} }lo}PC ]
}%oJV]}ve Vv U S3]A % @E} p 8« }( i1 8} i1 C E+ }o *3u vieX

t]3Z]v % ESV E+Z]% Al3Z ~ Z}}o v ANlv d Z E}(SZ WIESUPU
thematic classes on biodiversity and sustainability were taken from an Educational Program developed in Coimb
}3v] o' E vX &po(]Joo]vP 3Z HEE] pOo E u Vv e EZ ¢ 0 **}v %0 ve A E
e Z}}0 % E]} * v } %0 § % ines 8} 82 AE]S]JvP }v ]18]}ve v & }uCE
The cognitive learning of the students in the Natural Sciences topics, and their opinions, were regularly monitorec
A o] & v +3 38]+8] ooC A op & C + A VSCr3A} % JE+ }( % E Vv %o}eSr«
*SEN SHE Jvs EA] A A]§z 82z § Z EX

dZ @€ spode % E}A }JPV]S]JA Ju% E}A u v8 }( 8Z <3p v3e]Jv 00 HEE]
dZ Uu%Z *]* ]* V}IA 8} Z]PZ0o]PZ3 8§Z % }]3]A ( | (E}u *Sp vse v §Z ]
(3 E }u%o0 S]vP 3Z ]JvVv}A 3]A %% E} Z ]v o0 ++U 3Z u}3]A §]}v JvA}oA
§Zu v vAo Ev]vP (03 C ooV 0089 }( 8Z +3u vS8e «Z}A « 3]e( 3]}v ]V
} HU vEe % E} u X & A}E]VP <u «8]}v]vPU }8Z 8Z & Z E v S8Z +3u v$
o Ev]vP (JEuUu & § ~ Z}}oU + v vo EP v E 3]A o038 Ev 3]A (JE E
lesson plans, new botanic thematic and the resources produced are replicable by other educational communities ar
]JA E+ 31 Z}o E+U |JE S0CU }JE <] <+« 38} v A 3]A]8] « (JE » Z}}o<X
Applying those educative strategies on a regular basis outside classroom, either in a museum, a botanic garden
a school garden, will improve knowledge, encouraging imagination and a stronger sensitivity for nature, plants an
SZ ]E Juk}ES v (}E& o]( X

KEYWORDS
§]JA > EvV]vPU UPEE] po E /vv}A 3]1}vU A% EJu v3§ o WE ] U E}vré&]

INTRODUCTION

Conceptual framework - WHY this research drawing conclusions and discussing the results (Artigue
The educative processes with IBSE lessons outdoors, oXU TiiTeX
being or not guided by a formal curricula, are flexible anBSE means that students progressively develop key
adapt to the needs and interests of the students, whscientific ideas by learning how to investigate and build

vPIJlv Zpuvrv SuE }vv 3§]}v v theiAkmopedgedandsth@& understanding of the world

VAJE}vu v3 0 A E v «eX JvP v &bddnd) ba&s o e vsfudents’ work and physical

v +5u vsr vs & U 3]A u $Z}VMoWwC¥o/E o0]8] ¢« Vv IPE}uv X W
imitates the scientific research and it is characterized agd v v veA EU P} (MLESZ BGU v PE}
upo3]( & §]A]ECX "3pu v8e pe SE& vsud}elyddX dBZu}E [/ IVIAU 8Z u}(
scientists, like questioning, data collection, reasoningarn: this is the attitude of a scientist (Tavares, Silva,
proof review in the light of what is already known,” SS v JUESU TiineX [ ~ Je . ]v
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cognitive development model where the constructiomo Nature as a starting point, and using it as a practice of
}( IvIAo P Ju%o] e Z v er}vU Z @ @aily}life, combinks with the main characteristics of IBSE
on stimulation, increasing the students’ curiosity andi $Z} }o}PCU AZ] Z A op » % E r AE]3]v

E 3]A18C ~d A E +U 7iid6eX VA% E*% S35]A }(}% v v § ure} ] o ¢
o*}U v}ivr(}E&u o L 3$]}v  VA]E} the indiwdiialiies & students and teachers must be taken
gardens or museums, are especially relevant in Sciences } }uvsU E *% S]JvP Z *lvPuo E
Education, for the construction of knowledge is enhanced/ ++} U 1iiieX dZ 3A} }Ju%}v v3e r v
when using these educative settings, typically outsidpu s ¢ ] 0 e«E}}u v *Su vsr vs E L
0 **E}}u ~ JveA}YESZ ~ S}vU 1TiiiV rA( HofUSTIimX]Ju% EIA §Z L S1A %
It is known that these outdoor experiences are positivelyS oXU TiifieU AZ E <+3}ECS oo]vP ]
reflected on the academic performance of each student}ve] & ~ (}E& U 11iiV d A E «U 1iid6X

increasing awareness to new options, in a transversal
way: as an apprentice, for professional career, as political WHAT to investigate

v ¢} ] ooC 38]A 18]l v~ §38C ~ ~Azphojeuth@motedy theiGevitre for Studies in Human
DSSuv™ wue UTii6eX Development, Faculty of Education and Psychology
Natural Science with IBSE outside classroom stimulatésthe Catholic University (Porto) to understand the

(]E&*SrzZ v A% E] v U §Z %0 %anfiact pf $IE odtsidevclags@om in a real School context

as a whole, a tighter relationship, promoting greateA]$Z C}uvP «3p v3e ~ii &} i1 C E-+ }
motivation and engagement for action and knowledgend concerning three main levels: cognitive learning,

v VA]JE}vu v3 0o E (0 3]}v ~d A E}% Br]pweU ViidN{SulvPe v 32 A}EI % E}

MATERIAL AND METHODS

HOW to implement v a0 «p *8]}ve A E o0} v 8Z o0 -
By a partnership with a School and a Science Teach&fo v <y *&]}veX dZ veA E<[ }vs vie A
SE ]v v I~ v §Z 3p v3e }( SgmilérssubjeBtsEn a maxintEmdf 8 items, and assessed
year of the second cycle of basic education): a sampl€ *Ju% o0 *5 §]¢S] 0 Vv 0Ce]*X
}( 6 eSpu vSe }( SZ T o0 e o r ~10ATbere wéiefiver main~ifiedrsXfor students’ opinions and
&uo(]Joo]vP 8Z HEE] pyo E % E}PESBES U0 W iWDIS M BTIVIELE o EV]VPV
seven topics on biodiversity and sustainability (Table 1y §Z ¢3pu vSe }JE S§Z ¢Sy vsSe Z% E}
were taken from the Educational Program developed on learning in general; we want to know if students think
Coimbra Botanic Garden (Tavares, 2015) and adjusted8@ C o &v u}® V o6r dzZ PE }( « §]
§Z ¢ Z}}o € ¢}uE& <+ v }v ]5]}veX methodology; if they liked to work in this way and why;

fir "UPP *38]}ve (JE& }83Z & Ju% E}A u v§.

Timetable
The educative project was developed during three B- The work produced
%oZ ¢ o }( lu%o § e« Z}o E o v [Oukvigi dke r tlseeEschodE B of the project
and arrangements of themes in school (April and Magplementation, the students developed their work
previous to the project implementation at school)following the seven curricular topics, as referred in table
Talr % %o0] 3]}vU u}v]8}E]vPU }oX 3]}v }( E spossU v

A op 8]}v ~" %3 u E 8} :poCeV 7a0r }EP v]l 8]}v }( 82
} Hu v3e % E} U ~:MV vV :pdoCeX C-Interview with the teacher
To understand the lived experience and the opinion
Assessment Tools and Procedure for Studentsdf the teacher on the impact of the IBSE outdoors

opinions and attitudes: 0O *¢ ¢ Jv §Z 3y vSe[ ( Oo]JvPe v o
structured interview (Amado, 2013) was implemented
A-Students’ Questionnaires with her, at the end of the scholar year and the project

ZPuo & A op 3]}v }( 67 A 0] % JJE%E %o\ SHidke § Eue
V %}*3 ~7a0 § GEue <p *3]}vv JE « A]S8Z (JA <p *3]}vU
vivCulueU A E veA E A]3Z]v i u]lvps X dzZ iaea
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Seven curricular topics /n° of IBSE sessions

idee d EUW & §Z u lil » ss]}ve

r Wo v ]A E-+]3CX The algae who wafted to be a flower

i
ir dZ o A <X The Autumn color’s in the garden leaves /3

ir dZ (o}A & isalso/a mother

or "§ ueU (}E&uUu v (pv §]}v } (Sl wékbiag thé tha@dP v e X

December: Revisions; discussion of the students’ projects on plant diversity;
*3}ECS oo]vPV &£ Z vP }( }}eX ZE]+S8u » Z}u A}EIW 8} AE]S 0oCE] - (
}JV %0 vie A}lops]lvX

Ta0 d EuW 1T 8Z u » |ii o ee]}ve

fir dz oo Vv E X The beginnings of life /5

or o *¢](] S8]}v v § A}v}uCX Plants have a family too/ 3

or /A %o &tientisEs iiXthe schédl

ia0 d Eu

Exhibition of the students’ texts and drawings on tAtgae-flower” S} E&CX

}u%}e]8]tv }( §Z <}vP ~S§Z oP [+ & u_ Al3Z §8Z wupe] 8 Z EU . v
§Z A Ee+ +« AE]S383 VvV C 8Z *3pu V3eX , 0%]vP 0&U PE &=+ *5pu vse 0 EvV
}u% S$]S]}v (}E SZ *§ %0 VS 0 0 u (}& 8§Z =+« Z}}o P E veX o E ¢
H( ESZz C ~D C 171a0+W 8Z +3p v3e %0 §Z 0o o0 ]Jv SZ P E Vv %o
“The algae's dream” ¢}vP % E&(}E&uU vV §8Z vr}(r$8Z2rC €& ¢ Z}}o & u}vC
~Z88% *WIIAAAXC}IuSu X }ulA 8 ZMAAN C% p<,31Z-Tapidre UscRodt Ehidholrahv § @
with the audience, all educative community (students, parents, friends, teachgrs sz fae U PE e
V_* Z}}o 8 ((-X topics and IBSE sessions
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RESULTS
Concerning the cognitive learning there was a good level A-Results in the questionnaires on students’

of knowledge in all curricular topics reflected in a changginions and attitudes are as follows
(Elu i9 }EE 8§ veA E- Jv $Z % ECompariag}the duEstichhaiié’s results on question 1
619 Jv 8Z %o}e3 <p *3]}vv |E U + E&IRXE U 3 AZ}SHA 3]}v }( *8p vse A
~d A E U 1ii6eX ~6fN9e HE]VP §Z o pv Z }( S$Z %o E}i
This paper focuses students’ opinions and attitudes Ay A « A v PE § E § §Z v }( 8§z 1
the work produced (B), expressed from Figures 1 ©19 }( $Z uX 00 *3p v3e A E AJoo]v]
11, respectively, and the reflections within the teacheshowing total enthusiasm, good will and motivation
Jvd EA] A ~ «X either for the activities developed or for the fulfillment

}( SZ «<p *8]}lvv JE X

Figure 1: Z o3 }v Yu ¢S]}v
1: Motivation for learning

Figure 2:Z spo8e }v YU *5]}v
2: Impact in the students
Z% E} S3]AISC]

Figure 3:Z 03 }v Yu *S]}v
3: Impact in the student
o Ev]vPX
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Figure 4: Z epoSe }v YU ¢S
4: Satisfaction with the
usz} }o}PCX oXi r W
% }]vse v OXTX r E F
points

Figure5: Z epoSe }v Y o8
5: Improvement suggestions

The impacts and evidence of proactivity are visible withh EE} } E S C 8Z veA E- ]v &]PUE
6069 }( 8Z +3u vseU =« «Z}Av ]v &Theur@sultd Of Figurev4Ashow complementarity of the
learning convictions with thematic specification werep *3]}ve Jv dXi v 8XTXU «Z}A]JvP Z]PZ
E A o C i119 }( 8Z u Jv &]PuE 1i&f the students in the different items expressed and
As Figure 3 reveals, the evolution of plants was anite¥® E(}Eu X =« «Z}Av ]Jv &]PuE # §Z
learned represented a new approach achieved wittudents that demonstrated satisfaction in the activities
success, and not previewed by the curricula, as is ats@erienced, in the classes’ format, the products created
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r £ u%o * }( 83Z t}EI % E} p C $Z naeU PE e3pu v3e }Jv 8Z <« A v puc

Figure 6: Work produced on
Topic 1: Plant diversity outside
and inside classroom

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

Figure8: t}EIl % E} [ }v d} %] oW 8 ueU (}E&uU v (puv 8]}v }( SZ %0 vS }E]
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Figure 9: Work produced on
Topic 5: The cells and DNA
extraction, at the lab

Figure 10:  Work produced
on Topic 6: Classification and
S A}viuC }psSe] o e E]
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Figure 11: Work produced
on Topic 7: Explorers
outside classroom and the
construction of a dichotomous
key for plants

and would like to have continuity in this type of classe§Z }58Z BB § Z €& % E&Sv EX o°}U f
LME]JVP §Z v £S C &+ S} }u X ~"Zalabotation%n he dugdtwes process was expressed
were very positive in all fields, by the general high markg improvement of the student’s satisfaction and the
Z] A Jv 8Z vVveA e+ Z% E v P déarning &chievgd3a$ uhis format was well received by
% E} 4 U < Aloo * %0 %0} ES C tBein anddf8nerded %o differéntiated and enthusiastic
E *%}ve VvZ v ]vP §Z u 8} o Ev Alo«
C- Teacher’s Interview educative tools and strategies constitute very positive
The teacher’s opinion on the educative experiengaoints as there was creativity in the work produced and
Ae [E%E o« ]Jv 3Z (]Jv o ]v§ E AptAsXeproducble) bejrg thege considered one of the
considerations related to the maintenance and obedience *3 p $]A 33 Jvu v3eX
to the curricular programs and only a change in the usu@h this experience, the teacher could consider three
e <u Vv } SZ %E}PE u ]35S ueU o]viarPpdints: g pdfedSiona] Srgp¥ovement; a creative,
Teacher commented that there was a better use of theomplete and innovative alternative for Natural Sciences
e Z}}o € *}uE < ~ XPXr u}v]3$}E]vhPim&® Ed@ation; dndone® Educative products to be
and morphology of plants in the gardens) with the greafpv $]}v o Jv (LESZ E 0 ¢+ X
opportunity to share experience and knowledge with

CONCLUSION
The novelty of this study relies on a plan integratedC pe]vP v A %0}E]JVP §Z ~v SuE &
during one complete scholar calendar in the currerihe gardens, laboratories and resources of the School,
Portuguese school format, not disturbing theknowledge was stimulated, and also the fascination and
organization of the lessons neither in terms of time n@wareness for the importance, diversity and sustainability
HEE] popu Ju%o0]eZu vE3X /5 A o Yplop 0]AJVRBTFAPE®]sueX VvV Ju%}ES Vv:

the students, making them the main protagonists of thmnovation for the plant's knowledge was undertaken as

H S]}Vv %o @E} < C Cr3}r C e }ohudBICas $ometimps Ehisls an item under consideration
interpretation, understanding and assessment of theC §Z H 3]A  Juupv]3CX

e reSp] e S+ Z}loU }E JvP $§} §Reinfur@n@ dnd aefréstiaé tlie Xormal context of the
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school, this research in partnership on education&s futures perspectives the Science museums, botanic
practice of the Portuguese educative systems, could ligardens or school gardens are paramount as outside
the universities with school, teacher, students and all ttidassroom settings for Natural Science teaching and
school community, producing professional satisfaction @EV]VvP % & S] X dZ o0 e¢*}v %0 Vv
and innovation for the teacher and the school, androduced are replicable and instruments to other
Po} 0 % & % & S]}v }( S$Z <3Su eddcadond €ntEUhitiBs dnd the achieved outcomes

A EC C (u]lJoC }oo }E 3§]}v ]v &Xen fpifyrtAg @dposal for a new curricular unit on
cultural and social practices within the school communityotany, at first grade primary school level, on simple
and the final year party (Table 1), besides amplifiencepts of the differentiation and the evolution of the
emotional engagement with science by new interaction%.o0 v§¢X &]v ooCU v  }8Z 8§Z § Z
Al8Z +8p vse ~ pv}o § oXU TiiTVrekoed@ciefice ox{ditleidlassrabm with IBSE should be
could linked wiliness and partnership to learn and to }%S8 }v & Puo E ] § ~ Z}}oX
achieve tasks, empowered by a group team work effort&n open system with different environment arrangements

% }e]3]A %}]vd E ( E o0+} C «3p vEe Yv &IPEE X }%3 3} o0o0}A sz ~

As our practices evidences reveal, the current educatiomore creativity and a diversity of thinking, opinion and
*Ce3 u o00}Ae Jvd PE 3]vP v}vr(}@aintsofview, dpaljigiith BSE methodology indications,
elements that should be gradually incorporated by formalmpowering the initial interest level and motivation of
education, so as continually to meet the needs of studentS u v3e¢X d} pue 8$Z P & ve }( SZ + Z}}

v § Z ®U v }( 8Z ]v ]A] p o vanduridégand@ing®f X morphology and diversity,
Teachers did not feel reluctant to use outdoor resourceslapting the circumstances and educational models to

. § Z]vP VA]JE}vu v3U « A o othe corcEpts tGhe taughtXwas an example to meet their
On the contrary, they always felt very comfortable aneixpectations and needs and provide them the more
enthusiastic any time they went out of the classroom, <y § JveS]SusS]}v 0 *p%o%}ES v E -
a particularly efficient action when students producdvs} $Z v SUE o0 CE *}pE +« v ~S}}o°[]
the labelling of the school gardens (Table 1; Figuramund us, changing every day, reality is a true question
TU U 0 v 1iieX "Ju]lJo BoCU §Z]+ tofolledan@ né Natdre istgrggetations and meanings

HEE vE8 v E 0 %}*]3]A %o}ee] JoMSC ZJ(A EHeo]APVF}IwrrA E+ 8} E 0 %o C
formal Science classes outdoors with IBSE, respecfirige students are by nature curious and eager for news,
§Z (}J&u o UEE] po E A 0}% u viéxdydfdr te cuioditiessa®und them, and for the
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and monitoring the state of the students’ knowledgenature permanently gives us every moment, to know, to

e UM Z * VIVI(}JEU 0 ( SPE * }%SJ]¥BUESHIE 85 WE §}}¢}puv IviAo P M C
of the order in the curricula items presentation, beinguilding tastes and trends for their paths, students draw
all decisions made to make Science lessons maheir personal tendencies early on in their careers for the
compatible with alive outside resources, that is to saj,uSuE& X
A13Z A}Eo E 0]3C }us }1E-X

REFERENCES
JveA}JESZU X ~ § } FarmalX nonifofinal ASE OSWG (2011) Association for Science Education. Outdoor
and informal learning in the sciencés oP ECU  Stiemce Working Group. Outdoor Science. Shrewsbury: Field
WE ¢ v S§lv /vs CEv S]}v o }veposd3uP ,v Paav Jo v <]JvP[e }oo P }( >}v }v>
u }U :X ~Mdisal de Investigacdo Qualitativa pvio U <XU s]oi E vS§ U : XU > Z§]v vU
em Educacdo. Coimbra: Imprensa da Universidade ™ee role of maternal support of competence, autonomy
}Ju E X and relatedness in children’s interests and mastery
ES]Pu U DXU Joo}lvU : XU , Eo VMEIXvS ISarnintyand/ikdividial tifferencebii W 161t
Learning Through Inquiry — Background Resources faro6 X }]X}IEPIiiXiiioliXo]v J(XTTiiXiiXii
Implementing Inquiry in Science and Mathematics at $3CU X ~ ~ ZA ]JvP E SeelEd)Studentsiiio e
School. dZ &] }v ] WE}i 8§X &]v o Leafh Jdiene:Nnjegratjgssessment and Instruction
luulsds  }( &] }v ]X in the ClassroomTHE NATIONAL ACADEMIES PRESS:

153



t «Z]vP3}vU X Kvo]lv W Z33%WIIAAAXV %X pliineod
~ oo u E 16U TiioeX

(}J& U >X ~Tiiis ~"8}ECS oo]vPW dz Z o t}EI }(
Dpe puGufator. The Museum Journab d ~ieWio6tid X

o U /X 7 W «§ vCidndiXs dai Natereza (5°
ano). Projeto Desafio€arnaxide: Santillana Constancia

]S}E X
&0 E&U DXU ueU DXU 'pvesS}v U ZX © | }U zX ~1iioe
Studying the landscape of families and children’s
emotional engagement in science across cultural

}vs A SeX [nternational Research in Early Childhood
EducationX 6~isW i671tiiiX
D ouU X ~1iiée d}A & - VA %E} *+]}v o]suW
enhancing personal and professional development in
teacher educationJournal of Education for Teachir®%
~i*W 606rd6iX
D S uvU zX ~ ue U tX ~T7ii6e Z » & Zrulv

H S]}v Jv A~ ] v Dopekesut&EWirioX
W ¢} U WX En$aibss de voos-metamorfoses
pessoais e profissionaifese de Mestrado em Ciéncias

I IX WYESIW hv]A E-] §¢0] W}ESuPH « X
d A E U X BtluedicBiciem Jardins Botanicos: 16
anos de experiénciaD o P W Kvo]v W Z33%WIIAAAX pu X
v §lo] E}erP & S]elliifAliooil]lv AXZSuX ~ oo
u E 106U Tii6sX ]38]}v C u3Z}EU TiioX hv]A E-]5C

I }Ju & >] &E E] W }]Ju E X
d A E U X XMetotlblagia IBSE no ensino-
aprendizagem das Ciéncias da Natureza: casos de estudo

em espacgos exteriores a sala de auld. o S+ E]} Weer
}MS}E u vSIU % E « vS } & po We] }0}P]
M } hv]A E-] S§e0] } WYES}IU VvSE}
3 }e u e+ VA}oAJu v3} ,pu v}X Kvro]lv W Z33% WII
AAAX pu Xv 3lo] E}elo] E}X%Z%M] Aid00 ~ oo

u & T6U Tii6eX ]8]}v C pEZ}EU hv]A E«]&] » }(
Hu @ v W}IESE} >] E E] *W }u E U WIES}X

d A E U X X ~7ii6s ] 0}P} upe }oeP] } Jvd & ] ]%o0]v GE
u % E}o 1} 1A E-] W pu A v3} % E(}EuU $]A}X
Aula, Museos y Colecciones de Ciencias Naturales. In
%o E X
dA E U X XU ~]JoA U ~X ~ §8 v JUESU dX ~Tiife
Advantages of Science Education Outdoors through IBSE
D §Z} }o}PCX /v WX o0 se]vP EU :X DX E(}E ~ +XeU /nquiry-

Based Learning for Science, Technology, Engineering,
and Math (Stem) Programs: A Conceptual and Practical
Resource for Educator§}oX 0 ~%o % XifiitiodeX JvPo CW
u E o "E}Uu% W o]eZ]vP >Juls X i Xiiiol

FAN 7 AM N Y YN YN

154
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oJv v ee 3JA E « E JVP 8Z Ju%}ES v }( %0 V3eX dZ %o %o E % E * V3o

E vVvSoC }u%o s SZE r¢C €& ]JvS E ]* |%o0]v EC E « E Z Sp C Z C}v
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our ability to see into their worlds; how might taking a different view improve our understanding and sensitivity to the
0]A ¢ }( %0 vEeM /v §Z]* % % E A ulve3@® 8 3Z A op }( }vv 8]JvP A]Ss:
0]J]A]JVP *% Ju veU @E3&]*8] v <] vVv3](] v EE 8]JA+ v ((JEU 3Z Ju%o}ES
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 fol
%0 VV]VP (MSHE A]+]3}E Jvd E &]}ve A]3Z }3 v] o }oo 38]}veX

KEYWORDS
Online Survey, Artistic and Scientific Narratives, Emotions, Memories, Fascination

INTRODUCTION

dZ + U%0 }( E e+ E Z % ES3] 1% VvEX (YASH]PZZ @oor VSr o e vel(E]
year study focuses on student teachers studying gtv(opd v Zpu Vv % & %oS]}ve }( %0 vSeN
Gothenburg University and everyday visitors to the two i1X ,}A u]PZ8 «3}ECr - * ] v8](]
institutions Universeum Science Centre and Gothenburgv  EV]vP Jv JA] 4 0 %0 v3e Ju% 3 }v
}1Sv] ' E vX dZ ul]v E e E Z <u]vd]lv Al W AZus3JiveM

impacts do presented nature settings a) with animals X C [o}}I]vP $ZE}uPZ v &S]*5] o
e Al3Z}us Vv]u oe Z A }V %0 V3% E 0] EM]VPSE](C %0 v3e Jvv A A C-
% E] v M dZ]e <p 5]} Atwinthed ©fif Working hypothesis was that multimodal and sensoric
SA} (JE u v3]}v Z% E » v3 VvV SUE EKSEXVIZE]V % E « v§ vSUuE [ v

guestions underpinned these main questions: E 5§ +Z](8 ]v % E %3]}v A C (E}u
towards seeing the importance of plants for a sustainable
A}Eo X
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MATERIAL AND METHODS

The research team brings together specialists in % u 0 ~d 0 1¢X dZ %}*3 E+ A E
u SlivuU § A}viu]l] ] v v ESrotd % EB}S}PREZ% Z }( SZ }EP v]eue pue

This interdisciplinary focus is considered a critic#&]P u & % S]}ve }uVS fitoA A}E U

element of our approach, which is centred on the notiolA}E « (} E Z %}*S EX dZ A %o v §}

}( E JvP 8Z 3}EC }( *>]( e+ WOAIEZ v v op SpEsSr}ipvs ditidi A}E

based research installations in Gothenburg Botanidditd6i A}E ¢ % E %}*3 EX &]PPE i

'"E VX KUE «Sp C E Ae }v <pu 0]35 A% o o %B&S SEX

data from four different research methods:

e An online survey Three artwork installations

» Mapped conversations in two scientific educatiofhe artwork connects to two of the scientific themes;
centres E % E} p S]}v v Ju% S]S]}vX /v '}§Z

» Recorded impressions atthree specific artinstallationsE v §Z (&S§]*Se ~*v i,Eve *SS]|CEI
constructed by artist members of the research teanmt]oes}ve u SZE ESr - ]JveS 00 §

« Written responses to three science posters developedv  i}Eve }38]EA]Jo*}vX }ul § P}ECI %o

C SZ ] vsS]*Suu E1}(SZ E *%B ZSW%EYivS*%IX dZ (]J]E+S ]JvesS oo §]}
gallery in which photographs, using scanning electron
Swedish was the main language used in the researtiicroscope images, of detailed structures of seeds
interactions, although, in the case of some everydayere foregrounded over their adult forms with their
visitors and the scientific posters English was thepu v }oo S}E[s *S}EC Ju]JvP (1]
O VPU P pe X d o i *Z}Ae 3Z %o ES] PP & % A]%s0}e n%] v A oo }( &

JvA}oA v Z *SE v }( 8Z +5u CXxhe same room the growing form of each seed was
presented; textual connections between the living plant
Scientific themes and represented seeds visitors met on the wall of the

NE SZ u » AJSZ *% ] 0 u%Z <]« }vgaléyovers wifesdd by te plaptabels in the growing

i66ice AE 0 5§ W E %E} g 3]}vUs o}VRVA]RWCE«XC UV]}3Fs ¢ }v ]Jves oo 3]

(narrow sense), competition, defence, and facilitatioom EP A}} v @&vro]l plo JvPU }v *%o

~&]PX ieX dZ }A € 00 %ouUE %} }(peanata, vasshaynifiedE@ugh Ahe upe of a scanning

to mediate the fact that plants, despite their seeminglyo SE}v u] &} }% X dZ % E]vS .

sessile and silent nature, are indeed living organisms tisaispended over a large area of the building exposing its

Z A Z AJJUE-* Ju% E o 3§} §Z}e cpmplesiormeXpublic scrutiny only to vanish in a richly

For a first presentation of the scientific narrativessoloured meadow in the next, and final, installation

posters highlighting the themes reproduction, longevity P % C]v P E Jv «Z 05 EX dZpusU E %
V Ju% 3]38]}v A E % E} u ~ & ] P &And «adaptationZwergviBcused on in installations one

each poster was phrased as a question, in order to creaed two whilst the plant’s competitive struggle amongst

interest by the reader, and the heading was followed by vC %0 v3 (}@Eue A ¢ Jv (} pe Jv Jves oc¢

RESULTS
As this is a presentation of preliminary key findings from Online Survey
et *3 v3] 0 8ZE rC E +3u C A } FaboulePlantys (poO

body of results here, but highlight those seen to be dwo hundred and two student teachers participated in

% ES] o E E o Av 3§} §Z 15 v] vP}@®]w JuENIGQM]VP ~MuEA C D}v

Thus we focus on two particular questions in the onlind}} 1 %o 0 1A E % E]} }( 8A} C E-X

survey, an overview of responses to the botanic gardeuestions on favourite plant and favourite animal sought

artworks and a summary of responses to the scientifitudents’ views on favourite plant among all plants and

%}eS EeX &UESZ E Vv 0Ce]e v ] fawpvitesdiimalignidng all adifals rather than a simple

E e+ EEZS uuu E°*]Je]v % E}PE 22X 8§} Z Ju% EJ]e}v ~ XPX <]v Z]JvU
number of plants were chosen as a favourite choice
S§Z v v]u oeX dZ]e (]Jv JvP }pvs Ee* %oC
% & ( Ev ¢ UujvP ¢ Z}}o Spu vsSe ~ X
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i660eX Kv 3p v3 § Z E v }JuEAPSD Bovyse §Z &S Jv §Ju » }( 82 C
§Z C ] v}S o]l %0 vS8e U SZE +3p v8 § Z &+ " }uo
not choose” and eleven student teachers did not have Comparisons with favourite animal choices and their
( AJUE]S %0 vE3X u}vP 8Z E u JudtwBtionSu v3Se %0 Ve
chosen as favourite appear to form three distinctVhen the same question was asked for animals the

groupings: }JA @AZ ou]vP Z}] (o0 }v }PeU &

i XGeneric forms minor extent, students mentioned dolphins, elephants,

7 XNamed Plants v o]}veX tZ v I (}JE 8Z E +}v AZCL
T XSpecific structural features stood out as different from those given for plants: that

the animals had human characteristics, that there were
The group chosen by eight students we have defined sfgecial memories associated with them, and that they
ZP v &] (JEue[]v AZ] Z A Z A %d E E}v¥}VE -+ su+Z]v §]vPX A] vsoCU
e N ueZ U NSE U APE ¢ v %o nake plandszahthrop@erospHrcdbiiyitis définitely possible
o} oC (}oo}A C 3Z PE}u% A ZBAAMEUI ulE%}V]@Z }5Z & A} Jeep X
structural features’, in which, seven students chos&o. o0 C | C E}lo ]Jv u l]JvP suyE SZ § %o
AN(O0}A Ee_ ¢ 3Z 1E ( AJUE]S %0 V3K dE © ®P}+U REER% ATSZ §Z uX &ud
(E ]* 82z }v A Z A (1v « ZVv u shésdld hightighlV inteRe€Eriquféiratives that make people
}( A VECr3A} v.u %0 v3eX /v §Z] H338 PBE Blf% % A MSEIEE 0 X
plants mentioned by more than ten students were Tulip
(21), Rose (20)Qrchid (16) andWood anemone ~ i1+« XSummary of Responses to science posters
We suggest there is an interesting relationship emergifidne student teachers found the questions and preambles
between the top three choices of named plants, all of « Jv §]vPU (}& /& u%o [Z}A }o } %0
which have a high diversity of floristic features anthe vast majority wanted more and larger illustrations
JouE-U v 8Z Z}] "(0}A B+ X Vv 0 ¢+ § /EEX dZ 3p vse ¢ ] 3Z C o}
§Z ¢ Z "§}} up Z 8} E _X Vv}SZ € C
Reasons for choosing favourite plant students found it difficult to comprehend the messages
The teacher students who chose the top three namdd the posters is that they were presented in English,
%0 v3e v §Z}e §Z & Z}+ ~(0}A Eand tbdtPtve Athdents’ vpcaBulary in this language is
JVP PIA v * % E]Ju ul}3]A S}E (J@rEN VA %o0o(V&E AY] ®e3 v JVP « ] v3](]
This, in some ways, mirrors Haywood'’s study (Haywoddiany of the students wished the posters had had a
2018) of families visiting the Royal Botanic Garden, Kawre overall approach instead of explaining issues in
Jv >}v }vU h<X , & A}E!| Joopu*3E 3 %N dBUE % }puquopg + A oo E é
developed interpretative materials that inspired familiesZ ¢ A v§ § JoeXt & %0 vv]vP §}
to engage with taxonomic labels connect the familiggosters in response to their comments and will make
with the aesthetic beauty of plants through to learningsZ u ]Jv }8Z ~A ]«Z v vPo]*zZX dZ C
us ¢« ] v X /v 131}v A (}uv < Cwithahe studedtvacher community and responses
s} | C u}3]A S}EX dZz]- S PYEGobDy 6u Vv *% 0€= X
of seasonality, for example students choosing Wood
V u}v ]8]vP 18 ]vP NZ & o }( KeyraspoerRes to G viBrks
the long dark Swedish winter, thus their motivation i$he diverse representations of plants presented in each
culturally embedded (Balding and Williams, 2016) installation provoked different responses in the student
their experience of living in a country where the numbeg Z E-+ vV A EC C A]*]8}E+ ~d o
of sun hours in winter is low and the arrival of Spring dategories of responses we found both similarities and
5} 0 E 3§ X >]1 Al* U «3p vse EJ]U E E  <JVRU}VeSE § ¢S o 11X

DISCUSSION

In the data presented it is clear that aesthetics andSu v§8 § Z &« §Z G ]- e o(r £ % &

emotions play a key part in our student teachers feelings} E] Z PE}I% }( %0 VS % ] X ,
}usU v }vv 8]}ve S}U %0 vSeX dibwemg-ptants found in BAnes and gardens dominate

online survey demonstrate that in our community off X X }@& Z] «U Spo]%e+ v @E}  (}Joo}A
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plant commonly found in Sweden and seen as as Plant” story without negating the attributes that
NZ E 0 }( "% E]VP_ %}V 15 (0JAUEVRX vE&ZuvU FZE}E $ZA "}8Z E _ v

preliminary data we can see that flowers draw humanu ] v X /ve3 oo §]}v dA} Jv ]88 E v ]
§§ v8]}vX v C SU ]Jv }uvsS E%}]vEe *}o XEPZ vE%BJeSq9] ulveSE 8§ ~"v §
narratives focused on seed diversity and one plantsy §Z + [+ v | Apov & ]Jo]3C_ pus

iJMEV C 8} *pEA]JA X d o i u}vesthe répresé@asorialchanhgadf scale, misconceptions of
installations in Gothenburg Botanic Garden brought tohether it was a plant, and if it was, what part of the

life an often hidden narrative, the story of seeds an®.0 v8X dZpueU ¢ 0 %% @E=* 5} u §8 &>
§Z JE JA E<]S8CX /v 8Z E *%}ve cenpauaged clqs@ }ookisgiand Lreated reflections on
teachers and everyday visitors at installation one we <¢}v 0]SCX /8 o0°¢} Jve%]E utsd]tvex
(}uv  }vv S]}ve §} Av SUE [- USC /S EAIAMIEB VS 8 ESrE] Z %}es E- (
PO M1 o}P] o JA E«]SC_ SZE}UPZ 4] « (}E GHBEP-Upqus-X dZ S ASe |v
in their engagement with the seed biographies somé( o ¢ $Z v fiii A}E& ¢« u3 ]85 A« «5]Joo0
E *%}v vSe A}] V V Juvs E A]SZupSZ RStZ P Pe¥( $Z § §Z pOSUE o0 §
%0 V3e X dZ]e %}]vd & 0 § « 8§} $3Z }9piEV JPEX CAMUZGAUV A E o0 *5pu VS
in their reasons for choosing favourite animals studemiould rather see a movie or perhaps have someone
teachers were motivated by anthropomorphic reasoningd oo $Z u AZ § §Z %o}*3 B+ A E u ]
a motivation totally absent from their favourite plantConsidering that botanical gardens traditionally display
Z}] X dZ]e } e v}$ u v A v Snost infepr@ioR in poster format, this is an interesting
VEZE}%IU}E%Z] EIUS » JvE} "%0 ESvuoSX W @E0}Q@W i[ov@&i<E 35]}v A}EIle
M E 8Z & (Jv 8Z v EE 3]A « 3Z () ] VXt D}ESZE N]E Z J* v v §Z]

CONCLUSION

Our preliminary findings demonstrate the value of A Vv %0 v3e V % }%0 X Wo v «3}E
connecting with plants through sensory interactions withut it matters how you tell them; bring fascinating stories
living specimens, artistic and scientific narratives, arél} C}uE A]*]3}Ee SZE}uPZ A E]J}ue u
§Z Ju%}lE&S v }( Alep o u $Z} « }visithrsutime]to 3dgks Xt, and be with plants, through
Moreover, we show the power of aesthetic attributes, ]JA B+ @& % E * v3 §]}ve }( *>]( <+« Wo
personal memories and emotions in building connections
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FIGURES AND TABLES

Figure 1: The six scientific themes related to
%00 VSV eeX

Figure 2: Example of a scientific poster
Z]lPZolPZz38]vP 8§Z S§SZ u }u%o &
poster was rated best of the three by the

S vSeX
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Online Survey  Mapped Mapped Recorded Written
Conversation:  Conversations: Impressions at Responses to

Botanic Garden Universeum Art Installations Science Posters
Student teachers 202 41 53 30 11
Everyday visitors 0 13 21 7 0

Table W &S] ]% vS ¢ u%o ]Jv &+« €& Z *Su CX

Question Preamble
Reproduction } %0 v3e E %o &} U MEAMWOCQM % E} L S]}v J* e v3] 0 (}&E E
§ EUu % Ee+]*S Vv Jv 00 *% ] *U Jv op ]v
genes from two adults generates genetic variability in the
offspring on which evolution can act

Longevity 1A Yo vV %0 vSe P §Naybe you have asked yourself if you would like to live
(J&E A EM E} u 88 & AZ 8§ 8Z vVveA E ]-l
0]JA up Z o}vP E $Z v iiil C E+X p3 %
practically immortal!

Competition } %0 v3e Ju% 5 (}E WO MSe }ve3 v30C SEuPPo0 3} *uEA]A
E «}JuE =+ A]3Z }3Z & %0 vie t v ]Jv e
vlu o¢X pns 8Z AJvwv E } - v}§ 31 8

costly and, in reality, all those involved are harmed

Table2: YU *8]}ve v % E U 0 ¢ (}JE& §Z SZE %o}*S Ee* % E » vS S8} §Z 35

Installation 1 Installation 2 Installation 3
Nature's Beauty Scaling up’leads to misconceptionSeasonality
[« 15 AZ}o %0 vSM v vVv]u oM
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 3W ~puu EC }( < C Z «%l}ve » §} ESA}EI+X
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ABSTRACT
dZ E 8]}vo }8v] '"E v}(>38A] ~E '« Ae(}uv Jvieno e ] v8](] Jves]s
}( 8§z uC }(~1v *°U(} pe }vE-+ €& Z]v }SVvCGU %0 0 VS % ZCe*]}0}PC Vv

%M 0] VP P uvd A E 0+ Juk}ES v3X /v iiio sz '"E vA«Zv }AESE}S
and Regional Development (MEPRD), making the goals of biodiversity conservation and public education mac
%o E}VIMHV X Vv ee vE] 0 % ES }( 5Z E 'u]ee]}v 8} C ]e 38} u 5 A]*]3}1E-
}Jve EA §]}v Jeep eX dZ 8]« AZC A Z A A}YEI }us 8Z +3E § PC }( VA]E}vu
As a result of a SWOT analysis of the existing situation and potential possibilities of NBG in environmental educati
(plant expositions, exhibitions, guided excursions, school educational program, lessons, events, information pane
homepage and accounts in social networks, press releases, booklets and popular science issues), the conclus
Aeu US3SZ3E eevi3] o PEIASZ }( p]vV v Z] A C & 3]}V }( *%o
VAJE}vu v3 o pn 8]}v v /v(}EuU 8]}v ~ [+X dZ % o0]*Zu v3 }( *p Z V$§
0 EP E % E}i 8 }(35Z DWZUAZ] Z ] (Jvv] ooC su% %}ESs C HE} %
The CEEI should facilitate awareness of processes occurring in nature in attractive, intelligible and entertainir
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 numk
}( A]*]8}EX dZ u]v plv eZ}po PE}u%e }( Z]Jo E v (E}lu i C E- }(
Al8Z Z]Jo E vU 8Z + }v ECt 00 }3Z E P E v A]*]3}E+X dz | A %o}
pjo JvP Jv SZ %0 (82 (JE&uU B E "ulv }((] X dZ «SEY SPE I ( A %o
for life on the planet); Roots, Trunk, Leaf, Flower, Fruits and Seeds, Final exposition (ecology, global environme
% E} 0 usU ]} JA E-]3C }ve EA 3]}v § XeX

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

INTRODUCTION

dZ }8v] "E Vv ]v " o0 *%]os A e (JERVE X iEHO*%S o0]*Z]vP }( > Al v |
Nevertheless, its roots date back to 1836, when théddi $Z P E v } S ]v S8Z S Sue }( E
gardener Christian Wilhelm Schoch created a gardeningE v X ~]v fiioUu AZzv 82 P E v /
Ju% vC Jv Z]P X dZ VvpEes EC A « DEr \oe (théE MHnisty} of Envirtiainemt Protection and

Jv i6606X dzZ]e A « §Z PJvv]vP }( $Regior@ Development, its focus shifted to biodiversity
Kv 8Z ida& }( » %3 u EU i6ioU 3Z }yS EAG]IE VvV } (% 0] H S]}vX d:
the Academy of Sciences was founded in Salaspils, ugiag of National Botanic Gardens mission today is to
the rich plant collections and the heritage of the pastducate visitors about the environment and biodiversity

P E Vv]vP SE ]8]}veX /8 A e o] v3](}VvIivEBSASEENNVIU-(} w¢]eR 3 ]« AZC A Z A
Jv E ¢ E Z ]Jv }5 VCU %0 V3 % ZC=BERBCPCv}( &A]EPWU v3§ o0 p 3]}vX

U 3]}v v %p o] VP P uvdE AE 0 JuUkIES viX

MATERIAL AND METHOD

To create the Strategy, we had to define the institutions’ Mission

mission, goal, functions and legal base, as well as anajstional Botanic Garden of Latvia is governmental
present possibilities and experience, using method wfstitution keeping scientifically documented collections
"MK v 0Ce]eX of living plants with a goal to use them for biological
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diversity conservation, scientific research, educaticare somewhat involved in it, but the main responsibility
and community information in nature protection and]e }v §Z % ESuU vs }( u S]}v v Jv(}
P& v]vP €& <X E S]}v o }8 v] 'Mdnh direchori GE the WBG environmental education
Latvia in areas of its competence and is one of the statai®: to provide information about plants’ functions,

e ] v8](] Vv MHOSUE 0 *Cu }o°X composition, and role in provision of existence of
The essential part of the National Botanic Garderédl world’s organisms by using contemporary tools
mission today is to educate visitors about the environmeahd comprehensive language; to form awareness of
and biodiversity conservation issues, to let thgalax connections between everyday things and life processes

while learning and to learn while relaxing “. in plants, the place of plants in history, culture and
religion; to inform about direct and indirect impact of
The goal and functions human everyday activities on the natural resources of

The goal of the National Botanic Garden is to maintdine planet; to promote renewable energy resources
living plant collections and Latvian plant genetiand sustainable resource management; to diversify
resources, to expand connections between science aadhool environmental education program with field
national economy in areas of its competence, to carry oahd laboratory research possibilities, supporting
community awareness and education in issues relatedmprehensive education process; to create lifelong

§} 8z VA]J]E}vu v3 0 Z oo vP « }(edufatiohigregramy fop dif€rent age and social groups
especially in plant conservation and careful use of natural issues of gardening, history of park and garden art,

E *}JuE U « §Z e }( *p+3 ]v o nathreoddservatiod and environment protection issues;
To reach that goal, the NBG performs these function$v }vs £S5 }( }uupv]sSC Jvs PE S]}v t §]
administration and management of the protected naturand expositions about aspects of ethnobotany, including

E AE §]}v o }8v] ' & v }( > &Agtiondl minprities] WingPin Latvia as well as states and
living plant collections for research, education, tourisrw $]}v 0]8] *« }( HME}% Vv hv]}vX
and recreation purposes; conservation ex gjanetic dzZ @& }($Z E ']JeiUid6 £ iitugU ]S }vs ]
resources of cultivated and wild plants of Latviaf natural biotopes and plant collections, being an excellent
development of theoretical and methodological base fanvironment for school children learning expeditions in
conservation and propagation of rare and endangeredearly natural but secure conditions, providing possibilities to
as well as economically useful plant species and cultivd’s « @& Z » o(r }Joo § 0]JA]JvP u 8 ] oX
of local provenience; scientific research in biologysing financial support of EU programs and capacity of
(plant physiology, botany, biodiversity conservationNBG researchers and education specialists, it is possible to
agriculture (gardening, plant breeding), as well as othdevelop informal education programs turning NBG to one of
scientific branches connected with plants; education i8Z o JvP Jve3]§us]}ve Jv > 3A] v VvA]JE}
plant biology, environment protection and biodiversitysince opening of the new orangery in April 2015, the
conservation; cooperation with the world’s botanig/early number of visitors has at least doubled (from
gardens and other institutions and organisations in plaritfirii §} O0irofA $Z}ue v «X dZ uv (}c
gene fund conservation; keeping living plant specimerducational activities, as well as additional rooms for
that are confiscated according to Washington Conventiom @Ev]vP v «3}E P Z « PE}Av PE 3o
on International Trade of Endangered Wild Plant and
Animal species (CITES) until decision of competentPresent situation in NBG environmental education
institutions; functions of the competent institution of (SWOT analysis)

§Z W v Z Puo S]}v Aiiliiio ~HK.vPlahudalledtions and expositiohsE ' | %o }v }(
measures for users from the Nagoya Protocol on Accelis largest plant collections in Northeast Europe: about
to Genetic Resources and the Fair and Equitable Shari3§00 taxa of living plants, including 2500 indoor, 5400
of Benefits Arising from their Utilization in the Union*woody, 4520 herbaceous, 1100 utility plants, 135 species
development and modernisation of biodiversity research( & E v v VP E %0 v3e }( > 3A] .

v }ve EA 3]}V JV(E SEMP SUE X %o}e+] ]0]8] ¢ &} ue 3Z u (JE VvA]JE}vu \
NBG functioning is based on 13 international leghlew open area and orangery expositions were created

} Hu v8e €iriieU « A 00 171 Vv §]}v 0dF0o RIOCGXUE Ve EA SJECU }JveSEN §
Education of the public and raising awareness are somi¢ Z &U }% v (}E A]*]3}E- ]Jv TiiAX /e
}W(SZ }E (pv S]tve }( E 'X ou}eS 3B00ME ihciding ¥ orpngery halls open for visitors and
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8 }ve EA §]}v Z oo*X d} u EI iiir3Z toadffectaredidh ffgm=thé Adntent of excursion to the
~ o ES ]JviiiéeUE' E®E& VP * %ehilfren’sAb&hadvidal that diminishes the amount and
bed of perennial ornamentals with an accent on the cultivarsy 0]3C }( PJA v Jv(}Eu §]}vX
}( >8Alv & ]JvPX d} £3% v v 5uE @pporunities: Use 3df vwdlunteer guides could be
exposition of Latvian rocks and minerals was creatamhnsidered, to provide growing demand for NBG
arranged in order of geological age and accompanied by pE-e]}veX dZ E ] E -}v 8§} }ve]
JV(}EuU S]}v  }usS SZ JE % E}% ES] ¢ tor mpkea treaty with the schools where the school
StrengthshNBG permanent expositions are formed usingth® uy & v§ « §$Z Z AJJUE }( 8Z Z]o E
richest plant collections in Baltic States, labelled with Lafilireats: Possibility of conflicts cannot be excluded in
v > 3A]V %0 VvEVvu®e VvV %EIA V]V PE A%UyYe STEVX
enriched by information panels with interesting data about
Jv JA] B 0 %0 vSe }JE % ESe }( /E %o }e3PEhool educational prograin.2016 seventeen kinds
Weaknesses: The huge NBG collection is only partiafiyworkshops for primary, secondary and high school
o0 00 X [/V(}EuU 8]}v % v o } VIAA GEPNIE! vIpBX ~lu A}EI+Z} % E
JAEP v E %E}v 3§} C uv @Euy%p v V] «XPoJeZ + A ooX dzZ o]vl ~]
Opportunities: Enhancing the amount and quality of labels X P}AXoAloAlel}o uX Wu%]oe u v
and panels should augment the usability of collectiormit also researchers, which significantly enhances
(}J& p S]}v 0O %o E %o} X B S]}v o Ju% 38X }us TV }( e Z}}o
Threats: Labelling the most valuable specimens c& & ( E A}EI+Z}% U v}§ ipes /£ pE-«]}
§SE 3§ 3Z 33 v38]}v }( 8Z] A X Strengths:dZ P & v ] v A o00 vs "> &E
familiarize with plant diversity, breeding, conservation,
2. Thematic exhibitionsSince the new Conservatory § X dZ E '« Z}}o 4 S]}v % E}PE u }
A« plodU ]8[c "ve] P oo EC _ ]thellatvial educati@Zstahddrgy & ¥ a good supplement
In addition to displays of flowers, seeds and fruits, ax the usual school learning process and gets popularity
AZ] ]8]}ve t (E}u Z]Jo & v[s E A]yP2 13} H%SB)( *v]}yvos3Z v ]PZ }JuE]VvP
ESAIEl v %Z}3IPE %ZCU E }EREV]I% JIEJvPBEZAE%B EXV U <pul%u v
Strengths: Diversity of exhibitions is broadening théMeaknesses:Kv e« Z}}o PE}Uu% *% Vv ¢ ird Z
audience; itis an essential contribution to the educationghrden, so it is possible to arrange 2 workshops per day,
v E & 3]}v o (pv 8]}v }( E 'X us 8Z <« Z}}o uv ]+ A A o]l X dZp-
Weaknesses: Growing educational demand outpaces tiE <u 3 }( A}EI«Z}% e ]» u}E& 3Z v A
Alo Jo]sSC }( ]vr }}E <% V. Zpu MeEve}uskt o p( E JK E}}ueX
Opportunities: Permanent environmental educatio®pportunities:By arranging special learning rooms, the
exposition would essentially improve accessibility gfowing demand of workshops for school children could
« EA] X 1S]}v o AZ] ]S]tv E}}ue s $ho] JUBMEEA ]E %o}ee] Jo]S] « E}
pe ]o]SC }(8Z E ' }oo S]}ve v ]vShreals: Workshdps} Haves Jowet effectiveness without
Threats: Exhibitions of valuable works of art and raparticipation of the biology teacher(s) of the respective
*% Ju ve v 15]}v 0o ¢ HUE]SC u = ZGoX

3. Guided excursionfn the NBG, several educationab. Thematic lessons and excursiohsematic lessons
excursion programs are developed depending amnd excursions are organised during NBG events (plant
n]v v e ¢}vX UE&E S]}v }( 8 v fdEs, thEmatiE dhys), Jim frameworks of seminars for

(EYu i 8} 1 Z}uE-X § Z Ee 35X dZ 3Z u W ~ }ve EA 3]
Strengths: 'n] * }J( E' & Z]PZoC «u olX]3ZvAISZVIZA}E & Z E+ U ~ 0}}l Jvi
or master’s degree in biology, additional special educatioble0 vS8 @E}u ¢ U dZ YO tv]( & ~NdZ

% @E 3] o0 fE% E]v USZ3SPIA. ZFAPZ[e AXEd N M}Eu §]}8X |E E ]|vP ]
WeaknessesDemand of excursions depending on thev ( u]Jo] E]I J_U § X

e elvX tZ v o EP PE}Iu%e ~0irni %sStichgthsin tle NBRuthere bre]liigh qualified specialists

]* v}8 O0A Ce %o}ee] 0 38} *p% % 0C W }%DWP pedrpuv EP~-THr v E-U $Z |E P]
Thie AJe]S8}E* % & PE}U% X + E - i Htdas |of pldht gtaihg hd & scjéniifidally popular
JV(}EuU S]}vX ~}u SJu o ~¢« Z}}o PE}IE%owr S UPQJC 2 % | C Z]JPZ 88 vS]}\
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Weaknesse®reparing lessons asks for a lot of intellectuahformation is accessible in interactive form could
E 3]A v A}EI }vEE] ps]}vX ,]Pessestiallyu grow} thes ABG capacity in the area of
lessons is usually in the period of most intensive gardewA]E}vu v8 o p 3]}vX
AYEI AZ v 8Z *% ] o]*8« E u}e3 Threats: Interactive panels are digital devices which
Opportunities:Availability of rooms for lessons would P & Jv S]Ju X dZ C v u P }18Z u
improve both quantity and quality of activities, especiallyy o $E&] ooCU AZ v A %}e 3} §Z %
]v A 8Z E }v ]§]}veX
Threats: 8§38 v v Y( 1% vr JGE §]1A]3B.*NBGheamepageContent of the NBG homepage
A 8Z ®U AZ] Z ]« v uv A}] o ( SFEX3%WIIAAAXv XP}AXoAes ]J¢ & Ppo
official homepage is an essential, primary source to get
6. Public eventsSeven thematic plant fairs per seasor§Z u}*s }EE& S Jv(}E&u S]}v }usS §Z E
E }EP v]l Jv §Z E ' ~~7ICo EI| Bygrawirgsintergst i8 Botarji¢ gardens, it also grows the
Wo v8e C U "NZ}e C UAN, EA 3 & 3y oJ3CGSY( GAUZMWERVP X dZ (pv §]}v
§Z u o<} 0 **}ve }( 0} o }E ]vA]3homepagd @sentially-fagilitates information circulation
£ HE-]}ve }( P E V[e *% ] 0]*3JVv~4ZFe % FEJA]0P puU] v v E '8 ((X
ANuE] v Ev EEC PE}A]VvP _U ~ &EengjtisThe homegabe R tHérmost Sperative and effective
of Latvia”), creative workshops for families and childrenol of information circulation about the NBG actualities, as
~A"Wo v8 C}UE %0 v3 U ~D IJvP ZAEGeSwr §} pJ& SPveé Ul A]S8Z 8Z pn]v
Z E]5C 3§]}veU }v ES3.U 3§ X E Wedkiessdd: This information source is not available for
Z Puo & SE& 1]S8]}v ]* A ] v8]eS[s VIHZEPEHW®B%BE 8 @UV}S pe]vP }u%opus @
as well as active participation in the events organizémmepage of the state institution, NBG homepage has
by Salaspils local government, like the fest of Salaspildhave structure and content mandatory for such a state
% E]*ZU ™ 0 *%]oe Z o(ru E $Z}v "]VvE@SZSHE]IAIVZE 3V v ES Jv]vP vipP
JE] v8 3]}v Ju% $]3]}ve v }3Z E @pportuhitiesA Amdthex homepabe with the separate web
*Ju % E]JA S A vieU o]l A ]vP U ad@essysyigcjaly]desinated for children and youth audience,
Strengths:Thematic events enhance public awareness} 1o §Z %00 (J& u}& vs8 ES Jv]vP Jvi
}us E 'X Threats: W}ee] ]10]SC }( Z | B 83 |X
Weaknesses: NBG staff is employed in areas which are not
§Z % EJu EC 3 «le }( §Z |E A}EIX 9 Pccodsisindie sodal nétworkE NBG is keeping its accounts
giving more in financial incomes than in solving essentlal Z +} ] o v SA}EIW & HHU & pP] uX
(JE }3Vv] P E ve § «le 0]l }ve EA Stigngths: Ong of ] }veX promptest communication
Opportunities:Additional rooms could essentially grow(} EueX W}lee] JO0]SC S} pe <} ] o } U
NBG potential in organizing different events, includiragdvertisement tools, as well as providing feedback with
as much as possible tasks of nature protection anlZ }juupv]SCX
VAJE}vu v3 o pu 8]}vX WeaknessesNeed to provide a timely reaction to
Threats: Too much public during the mass events caBZ v }u]vP }luupv] S]J}vX dZpeU -}u
cause technical threats to the infrastructure, collection§ Eu v v3oC ~ }vo]v _ (}J&E 8Z § A C
V. A% }e]S]}veX E]*S]VP Zpu v & }pE X
Opportunities:Making information circulation in social
7. Interactive information panelg the Conservatory 5 accounts more intense and regular, social networks can
digital information panels are placed, giving information v (( 3$]A (}&u }( }vv 8]}v A]s8zZ &z
about the NBG in general, with a special accent to tAdreats:Social networks can be used also for NBG image
Conservatory plants and the role of botanic gardens inv]P & S]}vX
%0 V3 }ve EA 3]}vX
Strengthsinteractive information panels are provoking 40. Press releases. Information about NBG actualities is
*% ] 0 Jvd & *SU % ] 00C (E}lu -EPwo E]JoCE WSXS} §Z u e u ] Jv SZ (}JE
WeaknessesThe amount of given information is notStrengths: Media are often publishing positive
VIUPZX dZ €& ] v} o} o0 /d *% ] fesnadipnsurhawdy efjwdlizing the amount of negative
% E} o ue <u] loCX Vv AeX /3 % E}A] - *¢] ]J0]SC }( E ']
Opportunities: A growing amount and diversity of E n ¢ §Z u}puvs }( %o ] A ES3]* u vs
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Weaknesses: Coverage of printed media is declining, asfas v}s$ P} }us }( 8§ X

E epos o]Jv]vP o0°¢} §Z vuu & }( ]vhrerts:Chphgings infb¥nhtios €xXn go out of date, and

Opportunities: Printed media stay to be the mainsome amount of printed material becomes unusable

communication form with the rest of the communitynot§Z § ]« v pv }v}iu] o A 8 }( E }pE

pe]l]vP }lu%ops &+ v /vs EvV §X

Threats:Sometimes as a result of incompetent editiod2. Popular scientific issuédany NBG specialists are

of the press releases by journalists can be publishadthors of the hundreds of scientifically popular articles

Jv }EE 3§ }E (o Jv(}EuU 8]}vX Jv 8Z i}JuEvV o v VvV Ae% % E+U =+ A o
Strengths: NBG specialists are high authorities in Latvia in

11. Printed bookletsPeriodically informative booklets$Z JE & }( }u% S v X dZ ]JE &S] o -

are issued, used in advertisement events and shared fn@gh more trust than translated articles of foreign authors

8} A]+]8}E-X Azl Zz u C v}s <up § 8} 8§Z o} o oJu s

StrengthsA booklet is an information source remindingVeaknessed\ot always authors can present the content

about the visit and promoting coming again, alsoitmayv ¢C v v§ &S Jv]vP (}E&uX

e e M S]}vous E]oX Opportunities: We must improve the style, making

WeaknessessW 0]*Z]vP Je A% ve]A X gopdlav sddentifi JisEwes @Bt only informative, but also

S 1lvP §Z2 (& }}lo S iues Le } (efteftainitig ] inrcludihgethode&Eor children and teenagers,

NS Je (JE (E U v U %}ee] 0CU ]3becas€Ehdsgdssues ae onexof the first sources, forming

Opportunities:Booklets on natural historic themes can§Z ]Jvs €& ¢S ]Jv §Z SZ u « §Z § & Su

be effective learning materials, simultaneously followinthreats:Printed literature is in an unfavourable situation

H% VP P u vs (pv §]}veX *p Z Jv(}PEw 304 wIE}IVEA]D®DEVS EV § E <JuE -

RESULTS
Analysis of existing possibilities and experience @fe]v P JA E- JV(}E&u o u §Z} «X dZ
NBG in environmental education showed that existirgnvironmental education could become an entertaining
infrastructure is not enough to perform planned workool in popularization of knowledge in areas of nature and
]JE 3]}ve v §]A18] < (( 3]A o @HviramentAasowéih as¥ar the community engagement
potential of environmental education an establishmeniv *}oAJvP VvA]JE}vu v8 0 % E} 0 usX
}( % ] o Jv(E *SEMH SUE t 8z VGEE wdu(ld beA s@phsatelyfinotioning object in the NBG
U 8]}v v Iv(}EuU 8]}v ~ [ ]+ v with tE gexmasenA éxposition, capable to receive both
ensure the formation of environmental thinking for}EP v]I PE}u%e+ v Jv ]JA]l p o Ale]8}«
sustainable development and community educatiothe former administrative house and old conservatory
about the ecological and economical role of plantsA]o o E }veSEM § v }uv Jv  i}]v
biodiversity conservation, environmental technologies,

DISCUSSION
Basic attributes of the CEE going on in the nature; to awake interest in plant life

Audiences: % E]Ju EC r Z]Jo B v v § vby eReftainiig) af@EJuwrpiising with the different facts
years to the end of high school (in groups); families wieind effects; to educate about environment protection
Z]lJo & vV posde }( oo P e« AZ} E ard coijosivaiidn |i€Sues] we]enhance National Botanic
child”, who like discover the nature and spent their fre&ardens educational capacity; to scale the number of
$Ju ]Jv8 E *3]vPOCV ¢« }v EC T 3Z Mu'*N|JBEE Avis«¥ (}E 719X

luulv &£ HE-*]}ve ~PE}In%e }( E S]E Pldée jloctbe INBG usiEictdr€eltrX oK Environmental
Languages: % EJu EC r > $A] vU v P o pdatation pshould be 3a Aaare of the Department of
in the exposition); secondary: Estonian, Lithuanian,u S$]}v v /v(}E&u S]}vX

"Eu v ~ }}lo SeU Z}u % P X
Message: o]( }v §Z ESZ % Vv ¢ }v %o &stirhat¥d dontént pffexposition of the CEE
the plant’s micro parts to understand the globaCommon principleRlacement of living plants in the
Ju%}ES v X E%}*]15]}v ]* v}8 %0 vv X >]AJVP %0
Goals: to promote understanding of the processegonnected with them should be demonstrated in the
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	Utilization of Limonium ex situ collections to study the occurrence of apomixis

