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Abstract Over the last few decades botanic gardens world-
wide have been encouraged to adopt complementary mea-
sures for the conservation of plant species from their own
regions, combining in situ conservation efforts with ex
situ methods, both in cultivation and in storage. This inte-
grated approach is particularly important for botanic gar-
dens in the tropics, which face the challenge of conserving
a highly diverse and often threatened flora. We gathered in-
formation on the occurrence of threatened species in the
natural vegetation reserves of 21 Brazilian botanic gardens.
The data were collected from herbarium records in the data-
base of the National Centre for Flora Conservation, and
from the available plant inventories of these reserves. The
results indicate that 148 species from the List of
Threatened Species of Brazilian Flora are recorded as having
been collected in the reserves. Of these, 51 species were
maintained in the living collections of 18 botanic gardens
and 83 species were recorded in federally protected areas.
The occurrence of threatened species in the reserves of bo-
tanic gardens highlights the scientific value of these areas, as
well as their biological, social and cultural importance for
conservation. The results may be used to inform the plan-
ning of integrated conservation strategies for threatened
species.
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Introduction

hanges in the understanding of plant conservation
have been influenced by the development of interrela-
tionships between conservation and sustainable use, the
adoption of the concept of biodiversity, and advances in
conservation biology (Heywood & Iriondo, 2003). The
Convention on Biological Diversity has given rise to many

Maria Lucia M. N. pa Costa (Corresponding author), RICARDO AVANCINI
FerNANDES and ARIANE LuNa Peixoro Instituto de Pesquisas Jardim Boténico
do Rio de Janeiro, R. Pacheco Ledo 940. Cep 22430-060, Rio de Janeiro, Rio
de Janeiro, Brazil. E-mail mcosta@jbrj.gov.br

PEeTER WYSE JACKSON Missouri Botanical Garden, St Louis, Missouri, USA

Received 12 February 2016. Revision requested 8 March 2016.
Accepted 5 July 2016. First published online 28 November 2016.

Oryx, 2018, 52(1), 108-115 © 2016 Fauna & Flora International
Downloaded from https://www.cambridge.org/core. IP address: 73.233.108.119, on 30 Jan 2019 at 15:57:47, subject to the Cambridge Core terms of use, available at
https://www.cambridge.org/core/terms. https://doi.org/10.1017/S0030605316000776

national and international commitments, which have sti-
mulated the adoption of new approaches in response to in-
creasing environmental threats.

Some countries have developed national targets and pro-
grammes to address the objectives of the Global Strategy for
Plant Conservation (adopted by the Convention on
Biological Diversity in 2002, and updated in 2010 for
2011-2020) but although significant advances have been
made worldwide, efforts need to be intensified if the targets
are to be achieved (Wyse Jackson & Kennedy, 2009). As sci-
entific institutions, botanic gardens have a unique oppor-
tunity to contribute to the Global Strategy for Plant
Conservation, through their work on the documentation,
research and preservation of plant diversity, while simultan-
eously undertaking educational activities to mobilize public
responses to global environmental change (Blackmore et al.,
2011). These institutions have diverse facilities and staff to
conduct research in plant taxonomy, horticulture, conserva-
tion biology, ecological restoration and genetics. The estab-
lishment of partnerships with other institutions at local,
national and international levels facilitates and supports
broader involvement in other areas of science.

The update of the Global Strategy for Plant Conservation
brought new challenges, especially for countries with high
biodiversity, and drew attention to the importance of
plant diversity for human well-being and in addressing pov-
erty (SCBD, 2010). As a consequence, increased engagement
of botanic gardens in the conservation and sustainable use
of biodiversity is needed. Linking plant conservation with
sustainable use of plants and their natural habitats by
local communities has therefore been increasingly recog-
nized as an important priority. Tropical botanic gardens
have been encouraged to invest expertise in implementing
in situ conservation management programmes, including
monitoring, restoration, education and policy involvement
(Chen et al., 2009; Crane et al., 2009).

Brazilian botanic gardens face specific challenges, con-
sidering that there are > 46,000 known plant species in
Brazil, including a high number of endemic species (Zappi
et al., 2015). This diversity has been affected by urbanization
and agricultural expansion, which are both considered to be
major causes of habitat destruction and species extinction in
Brazil (Brandon et al., 2005). The List of Threatened Species
of Brazilian Flora (hereafter referred to as the national Red
List; Ministério do Meio Ambiente, 2014) includes 2,113 spe-
cies, categorized according to the IUCN criteria (IUCN,
2001). The national Red List is based on the assessment of
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4,617 plant species, representing only c. 10% of the known
Brazilian flora. As the assessment process continues it is
likely that the number of species listed as threatened will in-
crease significantly. Regional lists of threatened species have
been developed for only seven of Brazil’s 27 states: Santa
Catarina (Klein, 1990), Parand (Hatschbach & Ziller,
1996), Minas Gerais (COPAM, 1997), Rio Grande do Sul
(Rio Grande do Sul, 2003), Parda (COEMA, 2007), Sio
Paulo (Sao Paulo, 2004) and Espirito Santo (Espirito
Santo, 2005).

A great asset of botanic gardens in Brazil is their main-
tenance of areas of natural vegetation, which potentially fa-
cilitate the implementation of activities focused on in situ
conservation. We gathered information about the reserves
of Brazil’s botanic gardens and assessed the occurrence of
threatened species in these areas. The results may form
the basis of in situ conservation guidelines for botanic gar-
dens in Brazil, building on recommendations included in
the Action Plan for Brazilian botanic gardens (Pereira
et al., 2004).

Methods

A questionnaire was submitted to 36 botanic gardens (RBJB,
2011) in 2011-2012, to gather information regarding the
maintenance of areas of natural vegetation within or asso-
ciated with each botanic garden, hereafter referred to as re-
serves. The botanic gardens were asked to provide
information on the size of the reserve, the biome, the dom-
inant vegetation types, and whether plant inventories of the
areas had been undertaken.

Data on threatened species in each reserve were as-
sembled from the database of the National Centre for
Flora Conservation (CNCFlora, 2013). This system compiles
herbarium records from SpeciesLink (2010) and the Global
Biodiversity Information Facility (GBIF, 2010), comprising
> 4,600 species from national, state and international red
lists. All the records have been confirmed by taxonomists
and the database contains the accepted species names and
valid synonyms in accordance with the list of Brazilian
Flora (Lista da Flora do Brasil, 2010).

The assessment of threatened species from the national
Red List and seven state lists recorded in the botanic garden
reserves was performed by applying a filter in the database,
using the state, municipality, locality, name and acronym of
reserves as keywords. Any existing plant inventories from
these reserves were also reviewed, comparing species listed
in the inventories with the threatened species recorded in
the CNCFlora database. All the data assessed were recorded
in a database.

An additional survey of the ex situ collections of the bo-
tanic gardens was undertaken. Gardens were asked which
threatened species from the national Red List were
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maintained in their ex situ collections. The data were con-
solidated and compared with the list of species recorded in
the botanic garden reserves.

Results

Of the 26 botanic gardens that responded to the question-
naire, 21 indicated that they maintained a reserve within
or beyond their boundaries (Fig. 1). This included those
where the management of protected areas is undertaken
in association with other institutions. Data on the area of
the reserves, and their vegetation types and biomes are pre-
sented in Table 1.

The majority of botanic gardens mentioned that surveys
on the floristic composition of reserves under their manage-
ment had been undertaken. Some have not been published;
others have been reported in theses (Barbosa, 1996; Weiser,
2007; Miachir, 2009), dissertations (Pinheiro, 2000;
Sousa-Junior, 2006; Matos, 2007; Felix, 2009; Silva, 2010),
graduation monographs and books (Cervi et al, 1989;
Lisboa, 2002) and articles (Bueno & Martins, 1986;
Thomaz & Monteiro, 1997; Marquete et al., 2001; Nobrega
& Prado, 2008). Some studies were conducted as part of uni-
versity research programmes and < 50% were carried out by
the staff of the botanic gardens.

One hundred and forty eight of the threatened species
that have been collected in these reserves are on the national
Red List, representing 7% of the entire list (Supplementary
Table S1). These species represent 43 families and 110 genera.
Species of Orchidaceae (28), Bromeliaceae (14) and
Myrtaceae (10) were the most frequently recorded. The re-
cords of these 148 species were distributed amongst 15 re-
serves, the majority (1) of which are located in the
Atlantic Forest region, with three in the Cerrado and one
in the Amazon (Table 1). The majority of species (n =124,
84%) were recorded in only a single reserve, with a smaller
percentage collected in two (n =17, 11%), three (n = 6, 4%) or
five reserves (n =1, 1%; Supplementary Table S1).

Of the 148 threatened species, 18 (12%) are categorized as
Critically Endangered, 78 (53%) are Endangered and s52
(35%) are Vulnerable. Many are endemic to the Atlantic
Forest (n =126, 85%) or to a particular state (n =59, 40%),
mainly states in the south-east. The state of Espirito Santo
has the largest number of endemic and threatened species
(35) recorded in botanic garden reserves, followed by Sao
Paulo (13).

Of the 148 threatened species recorded in the reserves, 51
were also cultivated in living collections of 18 botanic gardens
(Supplementary Table S1). This group includes one species
categorized as Critically Endangered, 26 Endangered and
24 Vulnerable species. The most frequently recorded families
amongst these living plant records were Orchidaceae (12 spe-
cies) and Bromeliaceae (10 species). Twenty-three species
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1,000 km biome, of 21 Brazilian botanic gardens
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(45%) were recorded in a single living collection and alsoin a
single reserve. Euterpe edulis accounted for the largest num-
ber of records in both the living collections (12) and the re-
serves (5).

A comparison of data from this study with data on the
occurrence of threatened species in federally protected
areas (CNCFlora, 2016) showed that of the 148 species 35
have been recorded simultaneously in the living collections,
the reserves and federally protected areas. The number of
species recorded exclusively in the reserves of botanic gar-
dens was 49 (Supplementary Table S1).

The number of threatened species from the seven state
Red Lists recorded in the botanic garden reserves was 527.
This number does not take into account species on the na-
tional Red List. These 527 species represent 113 families and
314 genera. Orchidaceae (78), Bromeliaceae (50) and
Myrtaceae (36) were the most frequently recorded families.
The records of these species are from 20 reserves, 15 of which
are located in states with Red Lists (Table 1). Most of the 527
species (n =334, 63%) have been recorded in only a single
reserve.

Discussion

The data presented here were derived largely from online
herbarium records and to a lesser extent from floristic

inventories of the reserves. However, some of these inven-
tories are limited in scope. Only a few studies have focused
on entire reserves (e.g. the inventory of Parque Estadual
Fontes do Ipiranga, published in the journal Hoehnea dur-
ing 1981-2001); others are incomplete or limited to particu-
lar taxonomic groups (Nobrega & Prado, 2008). Some
inventories were undertaken as part of university studies, il-
lustrating the importance of partnerships to overcome the
shortage of human resources and expertise in some
Brazilian botanic gardens.

Many of the inventory data reviewed are not available
digitally. There is an urgent need to record and integrate
data on the occurrence of plants in living collections, herb-
aria and reserves, using geographical information systems.
Botanic gardens play an important role in the dissemination
of such data, which are fundamental to comprehensive stud-
ies of species distribution and for identification of important
areas for conservation.

The reserve located in the Amazon biome contrasts in
size and number of species with those in the Atlantic
Forest. Compared to other biomes the Amazon has the lar-
gest protected areas and the largest percentage of protected
area in the country (IBGE, 2012a). Most of the 12% of
Atlantic Forest remaining exists in small fragments and
there is therefore a high degree of fragmentation (Ribeiro
et al,, 2009). The majority (86%) of botanic garden reserves
located in this biome occupy <100 ha. However, small
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TasLE 1 Reserves managed by botanic gardens in Brazil (Fig. 1), with % of total area of botanical garden, biome (area of reserve), vegetation type, no. of threatened species on the national Red
List recorded in the reserve, and no. of threatened species on state Red Lists recorded in the reserve.

% of botanical

Biome (area of

Vegetation type

No. of threatened
species from na-

No. of threatened spe-

cies from state Red Lists
(No. from the list of the
state where the reserve

No. State Botanic garden (Reserve designation) garden area reserve, ha) (IBGE, 2012b) tional Red List is located)
1 Bahia Jardim Botanico de Salvador (Reserve) 94 Atlantic Forest (16) Floresta Ombrofila 2 3
Densa
2 Distrito Jardim Bot4nico de Brasilia (Estagdo Ecoldgica) 96 Cerrado (4,800) Savannah (Cerrado) 4 55
Federal
3 Espirito Santo  Museu de Biologia Prof. Mello Leitdao (Reserve) 61 Atlantic Forest (5)  Floresta Ombrofila 54 (24)
Densa
Estagdo Bioldgica da Caixa d’Agua * Atlantic Forest (21) Floresta Ombrofila 13
Densa
Estagdo Bioldgica de Santa Lucia * Atlantic Forest (52) Floresta Ombrofila 74 211 (91)
Densa
4 Goids Jardim Bot4nico Amadlia Hermano Teixeira 77 Cerrado (72) Floresta Estacional
(Reserve) Semidecidual
5 Minas Gerais Fundagéo Jardim Botanico de Pogos de Caldas 33 Atlantic Forest (15) Floresta Estacional
(Reserve) Semidecidual
6 Minas Gerais Jardim Botanico da Fundagdo Zoobotanica de 41 Atlantic Forest/ Floresta Estacional 5(2)
Belo Horizonte (Reserve) Cerrado (60) Semidecidual;
Savannah (Cerrado)
7 Minas Gerais Museu de Historia Natural e Jardim Botinico da 99 Atlantic Forest (60) Floresta Estacional 3 6 (0)
Universidade Federal de Minas Gerais (Reserve) Semidecidual
8 Pard Museu Paraense Emilio Goeldi e Parque
Zoobotanico
Esta¢do Cientifica Ferreira Penna * Amazon (33,000) Floresta Ombrofila 3 12 (2)
Densa, Floresta
Ombrofila Aberta
9 Paraiba Jardim Boténico Benjamin Maranhao (Reserve) 99 Atlantic Forest Floresta Estacional 2 24
(343) Semidecidual
10  Pernambuco Jardim Botanico do Recife (Reserve) 91 Atlantic Forest (10)  Floresta Ombrofila 3 15
Densa
11  Parana Jardim Botanico Municipal Francisca Maria 40 Atlantic Forest (7) Floresta Ombrofila 3 19 (4)
Garfunkel Rischbieter (Reserve) Mista (Floresta de
Arauciéria)
12 Rio de Janeiro Instituto de Pesquisas Jardim Botanico do Rio de 59 Atlantic Forest (85) Floresta Ombréfila 13 69

Janeiro (Reserve)

Densa

|IZeig Ul UOIBAISSUOD JUB|d

LLL


https://www.cambridge.org/core/terms
https://doi.org/10.1017/S0030605316000776
https://www.cambridge.org/core

9770009 LES090£005/2 1010 1/610"10p/7:501Y *swiia)/2103/610°-aBpLIquIEY MMM//:SA1Y

1e 3|qe[IeAR ‘@SN JO SWUS) 2407 abpliqwied ay) 01 193[qNs ‘/1:/G:G1 18 6107 Ue[ 0E UO ‘6L L°80L EET EL :SSaJppe dI *2402/610°0bpLquiesmmm//:sdiiy woly papeojumod

[euoneusalu| ei0l4 1 euney 9107 @ SLL-801 ‘(1)ZS ‘8107 ¥A10

9/£00091€5090€005/£101°01L:Iop

Table 1 (Cont.)

No. State

Botanic garden (Reserve designation)

% of botanical
garden area

Biome (area of
reserve, ha)

Vegetation type
(IBGE, 2012b)

No. of threatened
species from na-
tional Red List

No. of threatened spe-

cies from state Red Lists
(No. from the list of the
state where the reserve
is located)

13 Rio Grande do
Sul

14  Rio Grande do
Sul

15  Rio Grande do
Sul

16  Santa Catarina

17 Sao Paulo

18  Sao Paulo

19  Sao Paulo

20 Sao Paulo

21 Sao Paulo

Jardim Boténico de Caxias do Sul (Reserve)

Parque Municipal do Mato Sanvitto

Jardim Boténico da Fundagdo Zooboténica do Rio

Grande do Sul (Reserve)

Jardim Botanico de Lajeado (Reserve)

Jardim Bot4nico da Universidade Univille

(Reserve)

Centro de Estudos e Pesquisas Ambientais

Rugendas

Centro de Estudos e Pesquisas Ambientais Vila da

Gloria

Jardim Botanico do Instituto Agronémico de

Campinas (Reserve)

Jardim Botanico Municipal de Bauru (Reserve)

Jardim Bot4nico Municipal de Paulinia Adelelmo

Piva Junior

Parque Municipal da Amizade

Parque Municipal Cerrado
Jardim Botanico de Sdo Paulo (Parque Estadual

das Fontes do Ipiranga)

Reserva Bioldgica do Alto da Serra de

Paranapiacaba

Reserva Biol6gica de Mogi Guagu
Jardim Boténico do Instituto de Biociéncias da
Universidade Estadual Paulista (Reserve)

40

57

50

55

Atlantic Forest (40)

Atlantic Forest (15)

Atlantic Forest (2.5)
Atlantic Forest (14)
Atlantic Forest (1)

Atlantic Forest (2.8)
Atlantic Forest (0.5)

Atlantic Forest (16)
Cerrado (115)

Atlantic Forest (12)
Cerrado (278)

Atlantic Forest (8)

Cerrado (10)
Atlantic Forest
(375)

Atlantic Forest
(336)

Cerrado (470)
Cerrado (11)

Floresta Ombrodfila
Mista (Floresta de
Araucdria)
Floresta Ombrdfila
Mista (Floresta de
Araucéria)
Floresta Estacional
Semidecidual
Floresta Ombrdfila
Densa

Floresta Ombrdfila
Densa

Floresta Ombrofila
Densa

Floresta Ombrdfila
Densa

Floresta Estacional
Semidecidual;
Savannah (Cerrado)
Floresta Estacional
Semidecidual;
Savannah (Cerrado)

Floresta Estacional
Semidecidual
Savannah (Cerrado)
Floresta Ombrdfila
Densa

Floresta Ombrdfila
Densa

Savannah (Cerrado)
Savannah (Cerrado)

16

36

9 (4)

44 (9)

99 (31)
145 (30)

34 (2)
12 (2)

*Reserve located outside the boundary of the botanic garden
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nature reserves can play an important role in landscape con-
nectivity and biodiversity conservation in areas subjected to
anthropogenic pressure.

The largest number of threatened species, whether at the
national or state level, were recorded in reserves in the
Atlantic Forest. This biome has > 15,000 recorded species
of Angiosperms, with 49.5% endemism (BFG, 2015), and
the largest number of threatened species of any Brazilian
biome (Ministério do Meio Ambiente, 2014). The large
number of species assessed in the Atlantic Forest is attribut-
able to the high concentration of research institutions, tax-
onomists and online herbarium collections in the south-east
(Martinelli et al., 2013); for example, the Estacao Bioldgica
de Santa Lucia, located in an area of Atlantic Forest in
Espirito Santo state, has the largest number of records of
threatened species (74 from the national Red List and 211
from state lists). This area is known for its high level of bio-
diversity, and there has been intensive collection of plant re-
cords there (Thomaz & Monteiro, 1997; Mendes & Padovan,
2000; Murray-Smith et al,, 2009; Saiter et al., 2011).

The records of threatened and endemic species in the re-
serves studied highlight the scientific value of these areas, as
well as their biological, social and cultural importance for
conservation. Additionally, they provide an opportunity
for botanic gardens to implement conservation strategies
that focus on the local threatened flora (BGCI, 2012). This
should be a strategic goal for all of these botanic gardens.

However, the presence of a species in a protected area
does not guarantee its conservation (Heywood & Iriondo,
2003). Research on population dynamics, phenology and re-
generation is required to understand the local behaviour and
population biology of threatened species and to inform pro-
posals of suitable management measures. Procedures to ad-
dress threats to the environment and to evaluate the
effectiveness of conservation management regimes are also
recognized as being important (Willis & Morkel, 2008;
Havens et al., 2014). Furthermore, it will be necessary to as-
sess potential impacts of climate change on threatened spe-
cies in reserves. It is unclear whether many threatened plant
species will have the resilience or adaptive potential to sur-
vive future changes in environmental conditions, especially
given the diminishing possibility of natural migration to
more favourable areas as protected areas become increasing-
ly isolated. Another area for potential research is the genetic
variation within plant populations. Currently we do not
know the extent to which the genetic diversity of most threa-
tened plant species is contained within the surviving popu-
lations in protected areas, or in their living collections, and
research on this aspect of their conservation biology could
help determine future management practices and proce-
dures. This knowledge is essential for setting out effective
conservation actions suitable for each species.

The botanic gardens of Brazil are faced with the chal-
lenge of broadening their remit beyond their traditional
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role in ex situ conservation, to more effectively conserve a
diverse and often threatened flora. Their importance is evi-
dent from the diversity of their holdings of threatened spe-
cies. Botanic gardens can enhance their in situ conservation
actions by increasing the number and size of reserves they
manage as well as by carrying out studies on ecological res-
toration and species reintroduction. Restoration ecology has
not yet become a common practice among Brazilian botanic
gardens, although some initiatives have been undertaken,
such as the planting of 57 native species in an area of de-
graded riparian Atlantic Forest in the Jardim Boténico do
Rio de Janeiro (T.S. Pereira, pers. comm., 2016) and enrich-
ment planting of Euterpe edulis in Parque Estadual das
Fontes do Ipiranga (Aguiar et al., 2011).

Through their maintenance of areas of natural vegeta-
tion, botanic gardens are well-placed to adopt complemen-
tary measures for both in situ and ex situ conservation of
plant species. The reserves can provide plant material for
studies on germination, storage, cultivation and propaga-
tion, and also to improve the genetic diversity of collections.
Ex situ collections must be managed to the highest stan-
dards, to provide resources to support species recovery in
the wild (Maunder et al., 2004; Rae, 2011). The data pre-
sented here may assist the establishment of a collection
plan for material for these purposes. However, further sur-
veys on the floristic composition of these areas are required
if their potential to support exemplary botanic garden re-
search programmes is to be achieved. Strategic partnerships
with in situ conservation and research organizations can be
of significant help in promoting the conservation work of
botanic gardens.

Priorities for species conservation may be determined by
considering criteria such as extinction threat, endemism,
and presence or absence in ex situ collections and protected
areas. We showed that 49 threatened species were recorded
exclusively in botanic garden reserves, with no records in
any living collections or other protected areas. Among
them are 16 Critically Endangered species, 15 of which are
endemic to a single state. We consider that these species
should receive priority attention, especially from the botanic
gardens in the regions in which they occur.

Species of economic importance, such as Euterpe edulis
(palmito), Cedrela fissilis (cedro rosa) and Caesalpinia echi-
nata (pau brasil), which occur frequently in collections, re-
serves of botanic gardens, and protected areas, nevertheless
play important roles as flagship species. They can help to
drive conservation efforts for other threatened plants.
Species of Bromeliaceae and Orchidaceae that are known
for their ornamental value and commercial use could be
used to stimulate the development of integrated national
or regional plans (incorporating measures to coordinate ac-
tions, define responsibilities, identify centres of expertise,
optimize financial resources, avoid duplicating efforts and
improve effectiveness of conservation measures).
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The majority of the reserves managed by the botanic gar-
dens of Brazil encompass remnants of natural or semi-
natural vegetation in urban centres. Considering ongoing
urbanization, such areas are of increasing importance as
biodiversity reserves, refuges for species of local fauna and
flora, and providers of ecosystem services (Alvey, 2006;
Jim & Chen, 2009; Ward et al,, 2010). Urban green spaces
are also important socially and culturally (Oldfield, 2008).
Small urban forest reserves, such as those maintained by bo-
tanic gardens, have a crucial role in spreading conservation
messages, which could help to mitigate human pressure on
natural areas (Pinheiro et al., 2006). Some botanic gardens
are popular tourist attractions (e.g. Jardim Botanico do Rio
de Janeiro receives c. 1 million visitors annually; JBR], 2015).
The social benefits from natural areas associated with botan-
ic gardens may be enhanced by the associated capacity, re-
sources and experience of the botanic gardens. These
reserves should be included in visitation routes, with guided
tours, nature trails and appropriate interpretation. Botanic
gardens can thus offer visitors a unique experience and in-
crease the audience for conservation messages.

Although this study does not represent a complete inven-
tory of the reserves maintained by Brazil’s botanic gardens,
it nevertheless provides the first compilation of information
on the presence of threatened plant species in these areas,
demonstrating their value and significance. The consoli-
dated data will be made available for inclusion in accessible
integrated information systems in Brazil, such as that of
CNCFlora (2013) and botanical garden databases, and will
be used to inform and guide conservation actions and future
recovery work for threatened plant species.
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