
Abstract 
Brazil is signatory of the Global Strategy for Plant Conservation (GSPC), which provides guidelines and directions to 
existing national policies. This strategy aims to halt the continuing loss of plant diversity through the achievement of 
16 outcome-based targets set for 2020. One of these targets (target 7) states that at least 75% of known threatened plant 
species should be preserved in situ. Here, we assessed the effectiveness of the Brazilian current network of protected 
areas (PAs) and indigenous lands (ILs) in representing all known threatened plant species. We found that the number 
of species represented inside PAs and ILs varied according to data type. When using occurrence records, we found that 
699 (33%) threatened plant species lie completely outside PAs (and/or ILs) and that 1,405 species (67%) have at least 
one record inside at least one PA (and/or IL). The number of species unrepresented decreased when we considered 
polygons of distribution. In this case, only 219 (10%) are supposedly unprotected. Although Brazil is almost reaching 
GSPC Target 7 in terms of absolute numbers, the government still needs to allocate resources for properly managing 
and improving the conservation status of its imperiled flora and expand the network of PAs.
Key words: Aichi Targets, conservation policy, gap analysis, GSPC, knowing-doing gap.

Resumo 
O Brasil é signatário da Estratégia Global para Conservação de Plantas (GSPC), que fornece diretrizes e orientações para 
políticas públicas nacionais já existentes. Esta estratégia visa frear a perda contínua da diversidade de plantas por meio da 
implementação de 16 metas baseadas em resultados estabelecidas para 2020. Segundo uma dessas metas (meta 7), 75% 
das espécies de plantas ameaçadas conhecidas até então devem ser preservadas in situ. Aqui, avaliamos a eficiência da 
atual rede brasileira de unidades de conservação (UCs) e terras indígenas (TIs) em representar todas espécies de plantas 
ameaçadas. Descobrimos que o número de espécies presentes em UCs e TIs depende do tipo de dado utilizado. Ao 
utilizar registros de ocorrência, descobrimos que 699 (33%) espécies ameaçadas de plantas encontram-se completamente 
fora dessas áreas, e que 1.405 espécies (67%) possuem pelo menos um registro dentro de pelo menos uma UC ou TI 
O número de espécies não representadas diminiuiu quando consideramos polígonos de distribuição de espécies. Neste 
caso, apenas 219 (10%) das espécies encontram-se supostamente desprotegidas. Embora o Brasil esteja alcançando a 
meta 7 da GSPC em números absolutos, o governo ainda precisa alocar recursos para manejar de forma adequada e 
melhorar o estado de conservação de sua flora ameaçada e para epansão a rede de UCs.
Palavras-chave: Metas de Aichi, políticas públicas para conservação, análise de lacunas, GSPC, lacuna 
conhecimento-implementação. 
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Introduction
Plants are the backbone of life on Earth and are 

a source of food, timber, medicine, and a wide range 
of goods and services such as pure water, erosion 
control, and climate regulation; which are essential 

for human wellbeing (Kier et al. 2005; Corlett 
2016). Nevertheless, flora conservation is still a 
big challenge to be faced in megadiverse countries. 

Brazil, for example, harbors the richest flora 
on the planet, with at least 33,100 native terrestrial 

See supplementary material at <https://doi.org/10.6084/m9.figshare.7221971.v1>
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species described, being 53% endemics (BFG 
2015; Flora do Brasil 2020 2017). This enormous 
biodiversity, however, is threatened by habitat 
loss and fragmentation, mining activities, 
infrastructure development, overexploitation of 
species of economic interest, invasive species, 
and climate change (Martinelli & Moraes 2013). 
As a consequence, 2,113 plant species now figure 
in the Brazilian official and most up-to-date list 
of threatened species (MMA 2014). Furthermore, 
much more species are supposed to be threatened, 
as just 17% of the Brazilian flora has been 
formally assessed so far by the National Centre 
for Flora Conservation (Martinelli & Moraes 
2013; Martinelli et al. 2014, 2018). 

As signatory of the Convention on Biological 
Diversity (CBD), Brazil has committed to protect 
75% of its known threatened plant species inside 
the country’s PAs. This goal relates to target 7 
of the Global Strategy for Plant Conservation 
(GSPC), a program agreed at the CBD meeting 
in Nagoya in 2010 (Convention on Biological 
Diversity 2016a). The GSPC aims to halt the 
continuing loss of plant diversity through the 
achievement of 16 outcome-based targets set 
for 2020 (Convention on Biological Diversity 
2016a). So far, few countries have already 
assessed their progress towards Target 7. For 
example, 66% of South Africa and 44% of 
Spain threatened plant species have at least one 
population occurring in PAs (Convention on 
Biological Diversity 2016b; Muñoz-Rodríguez 
et al. 2016). 

Among several conservation strategies 
designed to avoid species extinction, protecting 
species in their natural habitats is the simplest, 
cheapest and most effective one (Loucks et 
al. 2008). Brazil has one of the largest PAs 
system in the world (MMA 2018; Pacheco et 
al. 2018). However, even with the expansion 
of its network of PAs in the last decades, PAs 
are not homogeneously distributed among 
Brazilian biomes (Pacheco et al. 2018). Further, 
information on species representation inside (or 
outside) PAs is barely available (but see Ferreira 
& Valdujo 2014; Oliveira et al. 2017).

Here, we assessed the effectiveness of the 
Brazilian current network of PAs in representing 
all known threatened plant species. We did a 
comprehensive gap analysis considering different 
types of species distribution data (occurrence 
records and polygons) to evaluate how close 
Brazil is to achieve GSPC’s target 7. 

Methods
Species and protected area data
Species records were compiled by CNCFlora 

(Centro Nacional de Conservação da Flora, 
National Center of Flora Conservation) using 
the following procedure: data on species records 
were retrieved from the Global Biodiversity 
Information Facility (<https://www.gbif.org>), 
SpeciesLink (<http://splink.cria.org.br>), Rio de 
Janeiro Botanic Garden herbarium (<http://jabot.
jbrj.gov.br>), and botanic experts’ databases. 
These data were cleaned and records without 
explicit geographic information were spatially 
projected using information from the herbaria 
vouchers, whenever possible.

Species distribution polygons were built 
by the CNCFlora using ArcGIS v1.0 (ESRI) 
following the precision of species occurrence 
records. All records had a geographic precision 
associated to nine classes: a) 0 to 250 m; b) 250 
to 1,000 m; c) 1 to 5 km; d) 5 to 10 km; e) 10 to 
50 km; f) 50 to 100 km; g) centroid of polygon; 
h) centroid of protected area; i) centroid of the 
municipality. The CNCFlora defines the likely 
distribution of a given species as the sum of 
area covered by these polygons (for details see 
also Martinelli & Moraes 2013 and Loyola et 
al. 2014a).

We obtained species distribution as both 
occurrence records and polygons for 2104 
species listed in the Red Book of Brazilian Flora 
(Martinelli & Moraes 2013) from CNCFlora. 
CNCFlora is the Red List authority in Brazil 
(Martins et al. 2017) and this is the most complete 
and up-to-date dataset of Brazilian threatened 
flora distribution available. We obtained data on 
PAs and indigenous lands (ILs) from a range of 
sources (Tab. 1). We considered all classes of PAs, 
i.e., federal, state and municipal, which include 
full protection and sustainable use PAs (IUCN 
categories I-III and IV-VII, respectively) and also 
the ILs (MMA 2016). Although not included in 
the Brazilian law that establishes the roles and 
categories of PAs (MMA 2000), ILs are natural 
areas that encompass nearly 13% of the Brazilian 
territory (Pacheco et al. 2018), playing a key 
role in preventing deforestation (Soares-Filho 
et al. 2010). We did not include in the analysis 
Permanent Preservation Areas (e.g., riverside and 
hilltops forest buffers) and Legal Reserves (i.e., 
part of private lands that must be set aside for 
conservation) because no spatial information on 
these areas was readily available. 
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To evaluate the effectiveness of PAs in 
representing the threatened flora we superimpose 
species distribution data onto a map of Brazilian 
PAs. In the analysis, we considered a species as 
“represented” in a given PA if at least one record 
or any extent of its distribution polygon overlapped 
any PA; otherwise the species was considered a 
“gap species”. We used function over (package 
“sp”; Pebesma & Bivand 2005) to overlap species 
records and PAs. To overlap species polygons and 
PAs, we created a grid of 2 km of resolution at the 
extent of each species polygon. Then, we use this 
grid to rasterizing species polygons and PAs which 
lied inside species polygons. All data sources and 
the R script used to run the analysis are available 
in the Appendix 1 (<https://doi.org/10.6084/
m9.figshare.7221971.v1>).

Results
Most records of threatened plant species were 

concentrated in the Atlantic rainforest and Caatinga 
biomes, whereas large areas in the Amazon remain 
poorly sampled or not sampled at all (Fig. 1). On 
the one hand, the Atlantic rainforest harbored 
the highest number of threatened plant species 
in Brazil (n = 1,507) although only ~11% of its 
extent is covered by PAs and ILs (Pacheco et al. 
2018). On the other hand, the Brazilian Amazon 
had the largest coverage of PAs and ILs in Brazil 
(~53% of biome extent), but has only 85 threatened 
species (Fig. 1).

We found that the number of species occurring 
inside and outside PAs varied according to the type 
of distribution data used to do the analysis. When 
we used occurrence records, 699 species (33%) 
fell completely outside PAs or ILs (Fig. 2a). A 
total of 1,405 species (67%) had at least one record 
inside PAs and ILs; and 82% had up to 10 records 

inside PAs and ILs [Fig. 3; Tab. S1 (<https://doi.
org/10.6084/m9.figshare.7221971.v1>)].

When running the analysis with distribution 
polygons, we found that the number of gap species 
inside PAs or ILs reduced to 219 species (10%; 
Fig. 2b). Species fully covered (i.e., 100% of their 
distribution) by Brazilian PAs and ILs added to 
29 species (1.3%); and 807 species (38%) had 
up to 20% of their range represented in these 
areas [Fig. 2b; Tab. S1 (<https://doi.org/10.6084/
m9.figshare.7221971.v1>)]. 

Species representation also varied between 
PAs and ILs. We found 81 (4%) threatened species 
occurring in ILs, 14 of them only occurred in these 
areas. In PAs, the number of species represented 
varied according to PA category: ca. 39% of species 
were found only inside full protection PAs, whereas 
34% of species only occurred in sustainable use 
PAs, being one-third represented by Environmental 
Protection Areas, a category of PA in which a range 
of economic activities is allowed. Further, nearly 
76% of species were found exclusively in terrestrial 
PAs and only 9% occurred in marine and coastal 
PAs; 15% of species were found in both.

On average, 55% of threatened species with 
at least one record inside PAs or ILs are currently 
listed as endangered (EN), 23% as vulnerable (VU), 
and 22% as critically endangered (CR) species. For 
gap species (i.e., those not represented in PAs or 
ILs), on average, 51%, 26% and 23% are EN, VU 
and CR, respectively (Fig. 2).

Discussion
How far is Brazil from achieving GSPC 

Target 7? Being pragmatic, we would state that 
Brazil is quite close to fulfilling its commitment, 
given that 67% of threatened flora is represented 
inside any given PA or IL. This figure is even higher 

Data Source

Species distribution data
(records and polygons)

National Centre for Flora Conservation
(<http://www.cncflora.jbrj.gov.br>)

Shapefile of Protected Areas
(full protection and sustainable use)

Brazilian Ministry of the Environment
(<http://mapas.mma.gov.br/i3geo/datadownload.htm>)

Shapefile of Indigenous Lands National Indian Foundation
(<http://www.funai.gov.br/index.php/shape>)

Shapefile of Brazilian biomes Brazilian Ministry of the Environment
(<http://mapas.mma.gov.br/i3geo/datadownload.htm>)

Table 1 – Source of data used in this study.
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when we analyzed data on species distribution 
(i.e., polygons), in which 90% of species occur 
in PAs or ILs. These results represent a great 
accomplishment for plant conservation in Brazil 
and we are optimistic that this target will be 
eventually achieved. 

However, our results should be interpreted 
with caution given that the distribution of species 
records is heavily skewed towards the northeast 
and southeast Brazil (i.e., Atlantic Forest and 
Caatinga biomes), as also observed by Schulman et 

al. (2007), Sousa-Baena et al. (2014), and Oliveira 
et al. (2017). Further, the occurrence of a species 
in a given PA or IL offers no guarantee to species’ 
effective long-term conservation. Following the 
CBD (Convention on Biological Diversity 2016b), 
to be effective, in situ conservation must ensure 
viable populations of species in at least one PA. 
Therefore, a metric such as species’ occurrence 
inside PAs could not be enough to ensure the 
conservation of threatened plant species given 
that 82% of them are represented in PAs by less 

Figure 1 – Distribution of Brazilian threatened plant species’ records inside and outside protected areas (PAs) 
regarded as full protection, sustainable use PAs, and indigenous lands (ILs). The number and proportion of species 
representation inside each PA category and ILs are shown in the pie charts.
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than 10 records. Further, commission errors (i.e., 
considering a species present in a given PA where 
it is absent) are also an inevitable consequence 
of using species polygon and can result in an 
overestimation of the representatives of species in 
PAs. Being aware of our current knowledge is a 
first step for supporting decision making regarding 
biodiversity conservation. There is a need to foster 
biodiversity inventories particularly in poorly 
sampled PAs (Sobral & Stehmann 2009; Martins 
et al. 2017; Loyola et al. 2018). To address this 
issue, more investments in PAs infrastructure, 
new surveys and inventories, trained personnel, 
management plans, institutional capacity, and 
public engagement are urgently needed. Opening 
ILs to scientific expeditions is also paramount 
(Coelho et al. 2015).

We should also note that searching for an 
increase in the number of threatened species inside 
PAs or ILs might be the wrong focus (Heywood 
2017); this number must actually reduce. The 
ultimate aim of GSPC is to halt the current and 
continuous loss of plant diversity by reducing 
species extinction risk and consequently reducing 
the number of threatened species (Heywood 
2017). In situ conservation is indeed the first step 
required to avoiding habitat loss and to restore 

or sustain native plant populations (Convention 
on Biological Diversity 2016a; Heywood 2017). 
However, even inside PAs threats such as biological 
invasion (Nori et al. 2011; Loyola et al. 2012) 
habitat loss (Hansen et al. 2013), climate change 
(Lemes et al. 2013; Loyola et al. 2014b; Ferro et 
al. 2014), overexploitation (Castilho et al. 2017) 
still take place; and the very PAs could suffer 
from downgrading, downsizing and degazettement 
(Bernard et al. 2014; Oliver et al. 2016; Heywood 
2017; Martins et al. 2017). Therefore, looking 
representation of threatened species inside PAs 
or ILs is not the big question; instead we should 
looking for how to guarantee the survival of these 
species once they are found inside these areas 
(Pressey et al. 2015). 

We found that 33% of species records or 
10% of species distribution polygons are fully 
outside any given PA or IL. Gap species are the 
most in need of conservation actions owing to fast 
habitat loss, mainly in the Brazilian Cerrado, the 
most vulnerable savanna worldwide (Strassburg et 
al. 2017; Vieira et al. 2018). Conservation of gap 
species demands area-based conservation measures 
undertaken outside of and complementary to 
PAs (Heywood 2017) and ILs. For instance, the 
Brazilian Forest Code, if appropriately enforced, 
may offer a great opportunity for plant conservation 
in private properties since it requires that part of 

Figure 2 – a-b. Number of threatened plant species 
and their representation in the Brazilian network of 
protected areas and indigenous lands according to 
species’ threat category and type of distribution data 
– a. species’ records; b. distribution polygons. Species 
totally outside protected areas are shown as GAP. CR 
= Critically Endangered); EN = Endangered; and VU 
= Vulnerable.

Figure 3 – Number of records of species inside 
protected areas (PAs) and indigenous lands (ILs). The 
red dashed line indicates that 82% species has less than 
10 records inside PAs or ILs.

ba
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private area - ranging from 80% in the Amazon and 
20% other regions of Brazil - should be set aside for 
conservation or restoration (Brancalion et al. 2016). 
Furthermore, priority areas for plant conservation 
have already been defined at the national (Loyola et 
al. 2014a) and regional (Loyola & Machado 2015a; 
Loyola et al. 2015b, 2018) scale.

Beyond in situ conservation, Brazil and 
other countries also rely on species recovery plans 
as another tool for species conservation. These 
plans encompass habitat management and/or 
restoration, ex situ conservation, development of 
educational and outreach programs, environmental 
policy development, and continuing monitoring 
(Convention on Biological Diversity 2016a; 
Heywood 2017). To date, 873 threatened plant 
species are included in species recovery plans in 
Brazil (Martins et al. 2014; Pougy et al. 2015a,b, 
2018). Surely, the main obstacles for improving 
species’ threat status through the implementation 
of strategies set out in recovery plans are the 
inadequate funding for conservation and science 
in general. This situation is exacerbated by the 
interaction of inadequate funding with poor 
governance, internal corruption, lack of political 
will and the current political instability (Loyola 
2014; Fearnside 2016; Fernandes et al. 2017).

Despite the encouraging progress made by 
some countries in pursuing GSPC Target 7, global 
progress remains difficult to be assessed because 
of slow progress with Target 2 (assessment of 
species conservation status; see Martins et al., 
this issue; Bachman et al. 2017) and the lack of 
distribution data for threatened species (Convention 
on Biological Diversity 2016b). The crucial 
importance of a global assessment is highlighted 
by the high number of species supposed to be 
threatened. An estimate made using nearly 16% 
of plants of the world showed that 43% of these 
plants are categorized as threatened with extinction 
(Sharrock et al. 2014). 

Our quantitative analysis sheds light on 
the status quo of Brazilian responsibility and 
commitment regarding GSPC target 7. Great 
advances in plant conservation in Brazil have 
been achieved in the last decades (see Martinelli 
& Moraes 2013; Loyola et al. 2014a; BFG 2015; 
Martins et al. 2017; MMA 2018). We conclude that 
although Brazil is almost reaching GSPC Target 7 
in terms of absolute numbers, the government still 
needs to allocate resources for properly managing 
and improving the conservation status of its 
imperiled flora.
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