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Summary

The semiarid Caatinga is the largest Seasonally Dry Tropical Forest andWoodland (SDTFW) in
the Neotropics. Yet the vast majority of the Caatinga is unprotected, with severe chronic
anthropogenic use, exotic species and global warming among its most immediate threats.
Here, we contrast the current Caatinga protected areas (PAs) scenery with that of other
SDTFWs in the Neotropics. We also analyse the growth process of the PAs in the Caatinga
over time across Brazilian PA categories and jurisdictions. The percentage of Caatinga that
is protected is average among the SDTFWs. Caatinga has more state than federal PAs; however,
the size of the PAs is greater under a federal jurisdiction. Nonetheless, in both jurisdictions,
Environmental Protected Areas, one of the least restrictive categories, are more representative
in terms of total area, corresponding to nearly 80% of the Caatinga PA system. Our results are
relevant for international conservation goals because they depict the current PA scenery and
clarify the challenges for achieving the actual preservation of the unique Caatinga biome.

Introduction

The creation of protected areas (PAs) is one of the main strategies for the maintenance of bio-
diversity and ecosystem services in the face of the growing destruction of natural environments
(Gaston et al. 2008, Joppa & Pfaff 2011). Until 2007, there was an increase in the number and
extent of PAs around the world (Jenkins & Joppa 2009). Brazil played an important role world-
wide in this increase of PAs between 2003 and 2009, mostly in the Amazon region (Jenkins &
Joppa 2009).

According to the Brazilian Federal Law nº 9.985/2000, which legislates the National System
of Protected Areas (Sistema Nacional de Unidades de Conservação; SNUC 2000), PAs in Brazil
can involve either strict protection or sustainable use, and they are created and managed by
federal, state or municipal jurisdictions (Pereira & Scardua 2008). The purpose of strict PAs
is to preserve nature and allow only the indirect use of its natural resources, whereas sustainable
use PAs aim to reconcile nature conservation with the sustainable use of some portion of its
natural resources (Supplementary Table S1, available online).

The number and size of Brazil’s PAs increased from the late 1990s to the 2000s and became
more substantial and consistent after the establishment of the SNUC law (SNUC 2000) and the
Programa Áreas Protegidas da Amazônia (Protected Areas Program of Amazonia; Medeiros
et al. 2011, Bernard et al. 2014). The federal government has changed its PA creation strategy
in Brazil since the 1990s, when the number and size of sustainable use PAs began to increase,
intending to better align the environmental issues of the country’s economic development
agenda with biodiversity conservation (Cabral & Brito 2013). Ninety-three instances of
PA downgrading, downsizing and degazettement were identified between 1981 and 2012
(Bernard et al. 2014).

Although the expansion of PAs has been significant in recent years, this effort is not
consistent across all of the Brazilian biomes. Conservation investments were mainly allocated
to the Amazon region, resulting in 28% of its area being within PAs (Vieira et al. 2019). The
second highest percentage of protection among Brazilian biomes is in the Atlantic Forest, which
has c. 10% of its area within PAs, followed by the Cerrado (8.6%), the Caatinga (7.7%), Pantanal
(4.6%) and Pampa (only 2.7% of its total area inside PAs; Vieira et al. 2019).

Seasonally Dry Tropical Forest and Woodland (SDTFW) constitutes a biome with a global
distribution of vegetation unities, which present structural and functional similarities due to
parallel environmental filters (Moncrieff et al. 2016, Queiroz et al. 2017). These filters are pri-
marily climatic conditions such as high annual mean temperature (typically above 17°C), high
potential evapotranspiration and annual rainfall of 250–2000 mm (Dirzo et al. 2011). However,
the most distinctive environmental filter in SDTFW is its rainfall seasonality, with 4–6 dry
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months yearly when rainfall is less than 100 mm (Gentry 1995).
The unique phenology of the plant communities of SDTFWs is
therefore shaped by alternating deciduousness during dry periods
and evergreen in the rainy season (Mooney et al. 1995).

There is a history of research and conservation neglect in the
SDTFW biome (Pennington et al. 2018). Compared with humid
tropical forests, fewer scientific studies have been performed on
SDTFW (Hughes et al. 2012, Pennington et al. 2018). This relative
lack of knowledge is reflected in current high rates of species
description for the biome (Silva et al. 2017b). Only in the past
3 years, for example, the floristic composition of the Caatinga
SDTFW increased from 3150 to 3347 species (see Queiroz et al.
2017, Fernandes et al. 2020). Furthermore, Miles et al. (2006) esti-
mated that 97% of the remaining area of these tropical dry forests is
at immediate risk from one or more threats, including agriculture
and pasture conversion, fragmentation, fire, human occupation
and climate change. This background implies that, without the
implementation of a representative network of PAs, the SDTFW
biome is at risk of losing biodiversity that is yet to be described.

Approximately 67% of the remaining global SDTFWarea is in the
Neotropics (Miles et al. 2006), where the Caatinga is the largest
SDTFW and is entirely restricted to Brazil (Silva et al. 2017a). The
dominant Caatinga vegetation ranges from open scrublands to tall,
dry forests shaped by high inter-annual variability in rainfall (Silva
et al. 2017a). TheCaatinga regionhas the lowest gross domestic prod-
uct (GDP) in Brazil, and in 2010 it was home to 28.6 million people;
the combination of high human population density and low eco-
nomic development results in significant anthropogenic pressure
on natural resources (Silva et al. 2017a). Poor rural populations
depend significantly on free-range livestock (cattle and goats),
small-scale agriculture and timber extraction (Silva et al. 2017b).

The Caatinga has been given low priority for investment in con-
servation, and it is currently one of Brazil’s least protected and stud-
ied biomes (Silva et al. 2017b). The budget for Caatinga PAs in 2012,
for example, was 13 times lower than is considered necessary by the
Brazilian Ministry of the Environment for the essential operation of
a PA in Brazil (Oliveira & Bernard 2017).Most PAs in the biome are
Environmental Protection Areas (EPAs; International Union for
Conservation of Nature (IUCN) category V, according to Rylands
& Brandon 2005). EPAs are generally extensive, encompassing
public and/or private areas, and because they fall within the most
permissive PA category, they frequently present a certain degree
of human occupation (Fonseca et al. 2017). The difficulty in man-
aging EPAs arises from the large number of private areas that they
harbour and from the public authority’s inefficient application of
zoning within their boundaries (Sousa et al. 2011).

Considering the importance of PAs as an efficient mechanism
of biodiversity conservation, we aimed to identify biases and trends
in Caatinga PAs to support future decisions regarding the conser-
vation of this biome. First, we compared the extent of Caatinga
protection with that of other SDTFWs in the Neotropics. Then,
we assessed the expansion in number and area of Caatinga PAs
from 1946 to 2021. We expected that: (1) over time, state govern-
ments would have created more PAs than the federal government
and that both would have been more inclined to create sustainable
use PAs in the Caatinga, especially EPAs, rather than strict PAs,
following national trends (Rylands & Brandon 2005); and
(2) the sizes of federal and state PAs would not differ, but EPAs
would be larger on average than strict PAs, once EPAs became gen-
erally extensive (Fonseca et al. 2017). For each state in Caatinga, we
also investigated the proportion of Caatinga area covered by PAs
and evaluated the correlation between this proportion and the total

Caatinga area in the state. However, assuming each state’s inde-
pendence in environmental policy, we had no a priori hypothesis
for this correlation.

Methods

Comparisons of total PAs among SDTFWs in the Neotropics

We compared the total PA in the Caatinga with other
SDTFWs from the Neotropics. We compiled spatial data from
the World Database on Protected Areas (WDPA) from 2021
(UNEP-WCMC & IUCN 2021) and only considered PAs catego-
rized by the IUCN. We used major groups of SDTFWs from the
Neotropics (Neotropical SDTFW) according to Queiroz et al.
(2017): Caatinga, south-western South America, Pacific
South America, Inter-Andean dry valleys, north-western South
America, Caribbean and Mesoamerica. These groups were
classified based on the map of terrestrial ecoregions of the world
(Olson et al. 2001).

Spatial data assembling and processing

In order to assess the expansion in the number and size of Caatinga
PAs, we compiled spatial data on Caatinga PAs through the
Ministry of Environment’s Cadastro Nacional de Unidades de
Conservação do Ministério do Meio Ambiente (national registry
of PAs; MMA 2021). This database is more complete and better
updated than theWDPA.We gathered information on jurisdiction
(federal, state or municipal), protection type (strict protection or
sustainable use), category (see Supplementary Table S1) and year
of creation.We downloaded shapefiles of the Caatinga and Brazilian
states and calculated the area of each state within the Caatinga boun-
daries, the total area of each PA inside theCaatinga and the total area
of PAs within each state in hectares. If PAs of different protection
types or jurisdictions overlapped, we considered only the most
restrictive type and highest-protection jurisdiction for area calcula-
tions. We used QGIS (QGIS.org 2018) for mapping, shapefile man-
agement and area calculations.

Any analyses comparing protection types can produce skewed
results for the sustainable use type because EPAs are larger and have
more permissive uses of natural resources (Fonseca et al. 2017).
Therefore, we decided to analyse EPAs separately from the remain-
ing sustainable use areas. Private reserves were not considered in this
study because they are created only according to private interest, and
there are still many gaps in official spatial data of private reserves.
Private conservation lands in Brazil are certainly also essential for
protecting biodiversity (da Silva et al. 2021), and there is great poten-
tial for a detailed evaluation of this PA category.Municipal PAs were
also excluded fromour analysis given their small number (only three
municipal PAs in the database).

Data analysis

We used the χ2 test to assess the significance of the association
between jurisdiction and PA type for areas created between
1946 and 2021. We assessed whether size differs between strict
PAs, sustainable use PAs and EPAs among jurisdictions using a
factorial analysis of variance (ANOVA) by permutation. We used
a significance level with Bonferroni correction (α= 0.0166) in
these post hoc tests among PA protection types once we had run
three pairwise comparisons. The statistical analyses were run in
R software (R Core Team 2021).
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We analysed the expansion of PAs over time (number and size)
considering three periods: (1) 1946–1991, in which government
actions related to environmental preservation were still incipient
(Medeiros et al. 2011); (2) 1992–1999, the decade when goals were
established to create PAs for biodiversity conservation, as
proposed by the Convention on Biological Diversity in 1992 (see
MMA 2000); and (3) 2000–2021, a time of greater engagement
by the government in environmental issues (e.g., SNUC
2000) and of biodiversity conservation targets assumed by
signatory countries during the Conference of the Parties in 2010
(Weigand et al. 2011).

We analysed the relationship between the state’s area in the
Caatinga and the area proportion of EPAs in PAs in each state
using Pearson correlation (Supplementary Fig. S1).

Results

Caatinga constitutes 32% of the global extent of Neotropical
SDTFWs, followed by Mesoamerica with 28%, south-western
South America with 23% and north-western South America with
7%, while the remaining three ecoregions contribute less than 5%
each (Fig. 1 & Table 1). Contrasting these ecoregion areas with

Fig. 1. Distributionmap of the seven ecoregions classified as Seasonally Dry Tropical Forests andWoodland (SDTFW) biomes in theNeotropics (adapted fromQueiroz et al. 2017).
Protected areas from the World Database on Protected Areas (WDPA) are presented in black. Each SDTFW ecoregion is represented in a distinct shade of grey or pattern, which is
matched at the histogram (top right). The histogram shows percentage of ecoregion area protected by the WDPA (WDPA % in SDTFW).

Table 1. Protected areas in Seasonally Dry Tropical Forests and Woodlands (SDTFWs) in the Neotropics. Total area (ha) is the total area of the Neotropical SDTFWs.
International Union for Conservation of Nature (IUCN) categories correspond to the area (ha) of protected areas of each IUCN category in Neotropical
SDTFWs according to the World Database on Protected Areas (WDPA) from 2021. WDPA total (ha) is the total area of protected areas in each Neotropical SDTFW
according to the WDPA from 2021. Protected (%) is the proportion of the total protected area in each Neotropical SDTFW. Protected area categories according
to IUCN vary from most restrictive (Ia) to least restrictive (VI) use (see https://www.iucn.org/theme/protected-areas/about/protected-area-categories).

Neotropical SDTFWs
Total area

(ha)

IUCN categories
WDPA total

(ha)
Protected

(%)Ia Ib II III IV V VI

Caatinga 84 597 672 139 541 0 1 166 636 393 7399 2 235 780 54 627 3 536 244 4.18
Mesoamerica 72 360 918 89 373 159 180 076 6299 137 224 6777 2 126 423 2 536 862 3.51
South-western South
America

59 414 176 3232 0 535 871 2547 31 409 0 1 160 041 1 733 101 2.92

North-western South
America

19 266 191 0 0 445 840 32 133 52 327 755 384 3 359 984 4 499 810 23.36

Inter-Andean dry valleys 10 869 020 0 0 220 476 22 498 48 695 218 581 949 574 1 393 043 12.82
Caribbean 9 205 181 3480 396 308 561 15 585 79 444 118 788 237 993 717 456 7.79
Pacific South America 6 228 764 0 0 106 282 0 8330 0 69 230 183 842 2.95
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WDPA areas (UNEP-WCMC & IUCN 2021), the Caatinga has an
average proportional degree of protection (4.18% of its area pro-
tected; Fig. 1) when compared to the other six SDTFWs (range
2.92–23.36%; Table 1).

The Caatinga covers c. 82 795 415 ha (MMA 2016b). The offi-
cial environmental agency data on PAs (MMA 2021) show that
8.9% of the biome’s area was under some form of legal protection;
of the Caatinga area, only 1.8% is subject to strict protection, 0.1%
is of sustainable use and 7% is in EPAs. The total area under
protection is 7 373 262 ha, which is distributed in 107 distinct
PAs. Of this total PA extent, 20% is in 55 strict PAs, 1.1% is in
17 sustainable use PAs and 78.9% is in 35 EPAs. Federal PAs cor-
respond to 60% of the analysed protected Caatinga area, while 40%
comprises state PAs (Fig. 2 & Table 2).

The protection type was associated with jurisdiction (χ2 = 5.82,
p= 0.05); the federal jurisdiction had fewer EPAs and more
sustainable use PAs than expected, while the state jurisdiction
had fewer sustainable use PAs and more EPAs than expected
(Supplementary Table S2).

PA size differs in relation to jurisdiction (permutational
two-way ANOVA: F= 24.95; df = 1, 101; p< 0.01) and protection
type (F= 15.71; df = 2, 101; p< 0.01), although no interaction
exists between jurisdiction and protection type (F= 0.855;
df = 2, 101; p= 0.43). Federal PAs (135 667 ± 328 033 ha, median
= 11 746 ha) are larger than state PAs (41 366 ± 172 205 ha,
median = 3462 ha; Fig. 3). EPAs are larger (170 372 ± 386 105
ha, median= 14 185 ha) than strict PAs (27 211 ± 63 112 ha,
median = 4820 ha; permutational ANOVA: F= 13.71; df= 1, 88;

Fig. 2. Map of protected areas in the Caatinga
Seasonally Dry Tropical Forests and Woodland
(SDTFW) ecoregion. Protection types are: strict
protection (SP; n = 55), sustainable use (SU;
n = 17) and Environmental Protected Area
(EPA; n= 35). AL = Alagoas; BA = Bahia;
CE = Ceará; MA = Maranhão; MG = Minas Gerais;
PB = Paraíba; PE = Pernambuco; PI = Piauí;
RN = Rio Grande do Norte; SE = Sergipe.
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p< 0.01) and sustainable use PAs (4616 ± 9545 ha, median = 613
ha; permutational ANOVA: F= 27.23; df= 1, 50; p< 0.01).
However, there is no difference in the sizes of strict and sustainable
use PAs (permutational ANOVA: F= 4.02; df = 1, 70; p= 0.05).
The sustainable use PA size range is c. 11–38 917 ha, the
strict PA size range is 15–346 906 ha and the EPA size range is
497–1 611 373 ha (Fig. 3).

Federal PAs have been created since 1946, with some periods of
moderate increase in number, while the number of state PAs
sharply increased from 1990 onwards (Fig. 4a). Proportionally,
EPAs lead the Caatinga’s total PAs (Fig. 4b). From 1946 to
1991, most PAs created were federal (11 out of 17 PAs created)
and under strict protection (7 out of these 11 PAs). During this
time, 84% of the Caatinga PA area was federal. States created
the majority of PAs between 1992 and 1999s (19 out of 25), but

federal PAs created during this period comprised a larger propor-
tional area (federal= 71%, state= 29%). The expansion of PA size
during this period was mainly through EPAs (92%). From 2000 to
2021, many state strict PAs were created (31 out of 65 PAs created),
although state EPAs were more representative in size (61% of total
PAs; Fig. 4b).

Ceará, Rio Grande do Norte, Paraíba and Pernambuco are the
states with the largest proportion of Caatinga (Fig. 2). Among
them, Pernambuco has the largest area of Caatinga under state pro-
tection (7.9%), followed by Ceará (6.8%), while Rio Grande do
Norte and Paraíba have the lowest proportions of Caatinga area
inside PAs (0.8% and 1.1%, respectively). Alagoas and Sergipe
are small states with slightly less than 50% of their territories in
the Caatinga biome; they also present a minimal proportion of
their Caatinga area under protection (1.0% in Alagoas and 0.6%

Table 2. Protected areas (PAs) in the Caatinga by protection type and jurisdiction. Shown are the number (n), area extent in hectares (PA (ha)), proportion relative to
total PA (PA (%)) and proportion relative to Caatinga area (Caatinga (%)) by protection type (strict protection, sustainable use and environmental protected area (EPA))
and jurisdiction (federal and state) in Brazil’s Caatinga.

Protection type Jurisdiction n PA (ha) PA (%) Caatinga (%)

Strict protection Federal 17 1 139 264 15.5% 1.38%
State 38 338 867 4.6% 0.41%

Sustainable use Federal 9 56 075 0.8% 0.07%
State 8 22 402 0.3% 0.03%

EPA Federal 7 3 226 845 43.8% 3.90%
State 28 2 589 810 35.1% 3.13%

Total Federal 33 4 422 184 60.0% 5.34%
State 74 2 951 079 40.0% 3.56%

Fig. 3. Left uppermost panel is a histogram contrasting jurisdiction and protection type. Federal protected areas (PAs) are larger than state PAs. Environmental Protected Areas
(EPAs) are larger than strict PAs and sustainable use PAs. However, there is no difference in the sizes of strict PAs and sustainable use PAs. The subsequent panels show PA size
distributions (hectares × 103) in the Caatinga ecoregion by jurisdiction (federal and state) and by protection type (strict protection, sustainable use and EPA).
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in Sergipe). Bahia and Piauí, with slightly more than 50% of their
areas inside the Caatinga, have the highest percentages of their
Caatinga area under protection (12.3% and 11.4%, respectively).
The states of Maranhão and Minas Gerais, with less than 2% of
their total area in the Caatinga, protect 9.2% and 8.7% of their
Caatinga areas, respectively (Fig. 2, Supplementary Fig. S1 &
Supplementary Table S3). The states’ Caatinga areas are positively
correlated with the proportion of EPAs in the total PAs
(Supplementary Fig. S1d).

Discussion

The Caatinga is the largest continuous block of SDTFW biome in
the Neotropics, and it also has the largest total area under
protection. Proportionally, however, it is not the most protected
STDFW in the Neotropics and, with its 5.85% of PA cover,
it is far from reaching Aichi 2020 biodiversity targets
(www.cbd.int/nbsap) or national targets such as the Comissão
Nacional da Biodiversidade (CONABIO; National Commission on
Biodiversity) goal of safeguarding at least 17% of the Caatinga by
2020 (CONABIO 2013). Furthermore, according to the official
Brazilian database, 80% of the PA extent in Caatinga corresponds
to the least restrictive protection type: the EPA category.

In addition, according to our analysis, all Neotropical SDTFWs
are below the Aichi biodiversity goal to ‘improve the status of

biodiversity by safeguarding ecosystems, species and genetic diver-
sity’ (strategic goal C). As expected, smaller SDTFWs usually pro-
tect a relatively greater percentage of their total area, such as in the
Caribbean, north-western South America and Inter-Andean dry
valleys ecoregions. The Pacific South America ecoregion is an
exception to this pattern because it is the smallest SDTFW and also
presents the lowest PA cover; this raises even greater conservation
concern for the region.

In the Caatinga, the federal government is still responsible for
most of the PA creation andmaintenance. The number of state PAs
in Brazil began to surge in the late 1980s (Rylands & Brandon
2005), including in the Caatinga. This rise was a consequence of
the New Brazilian Federal Constitution of 1988, which decentral-
ized natural resources management, enhancing the role of munici-
palities and states based on their local interests (Wever et al. 2012,
Neves 2016). However, federal PAs are larger than state PAs
because they were created according to national conservation
demands that surpass state and biome boundaries. Furthermore,
most large federal PAs were created before 2000, when states’
investments in PAs were still incipient. Even so, states also
increased the number and extent of PAs in the Caatinga over
the last 18 years. Workshops to define priority areas for conserva-
tion, championed by the Ministry of the Environment in 2000,
supported initiatives to create new PAs from 2000 onwards
(Rylands & Brandon 2005, Gouveia et al. 2010). Nevertheless,

Fig. 4. (a) Number and (b) proportion of protected areas by jurisdiction (federal and state) and protection type (strict protection, sustainable use and environmental protected
area (EPA)) created through time in the Caatinga. Shaded areas separate the time intervals: 1946–1991, 1992–1999 and 2000–2021. Panel (b) represents the proportion of each
protected area type in relation to the total protected area of the Caatinga.
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one concern regarding the increase in the number and size of state
PAs in the Caatinga is that, historically, states have reduced sizes,
relaxed restrictions and sometimes even cancelled the decrees cre-
ating state PAs in the past, especially those with strict protection
(Bernard et al. 2014).

Although there are fewer federal EPAs than expected given the
number of state EPAs, they are extensive and larger than strict
PAs and other sustainable use PAs. Because this is the most permis-
sive category of PA, this trend indicates that decisions at the state
level reflect the interests of economic/extractivist sectors more than
environmental protection (Wever et al. 2012, Vieira et al. 2019).
EPAs have become the primary category option for decision-makers
because, in addition to being one of the oldest categories of sustain-
able use, they allow land under private ownership within their limits,
minimizing the risk of conflicts of interest with the local community
(Sousa et al. 2011). EPAs, for example, allowmining activities inside
their boundaries, one of the most aggressive environmental threats
in Brazil, which is expected to show a 10-fold increase over the com-
ing years (Villen-Perez et al. 2018). In addition, Brazil is currently
experiencing a crisis in its environmental policy (Magnusson et al.
2018, Thomaz et al. 2020, Barbosa et al. 2021), and because even
strict PAs are under threat (Silveira et al. 2018, Prasniewski et al.
2020), EPAs are expected to guarantee even less effective protection.

States present fewer sustainable use PAs aside from EPAs.
Sustainable use PAs have more management and human settle-
ment restrictions, and areas in this category are generally created
in response to local demands, covering smaller areas than EPAs.
For example, traditional populations that rely on small-scale
extractivist activities are targeted in the creation of Extractive or
Sustainable Development Reserves, while National Forests or
Fauna Reserves demand the expropriation of private lands within
their limits (SNUC 2000).

In the first update report on priority areas for conservation of
the Caatinga, Bahia, Ceará, Pernambuco and Piauí states
harboured the most priority areas for conservation (MMA
2007). In recent years, these states have increased their PA
networks, mainly through the creation of state strict PAs in
Pernambuco and sustainable use PAs in the other states. Bahia,
Ceará, Piauí and Pernambuco were later highlighted again for
the number and extent of their very high priority areas for conser-
vation (MMA 2016a). In 2018, the federal government created four
news PAs in Bahia, making it the state with the highest percentage
of its Caatinga under protection. We notice that even states with
larger Caatinga areas have their PA systems biased towards
EPAs (Supplemental Fig. S1d).

Alagoas, Sergipe, Paraíba and Rio Grande do Norte states show
the least satisfactory results regarding conservation initiatives in the
biome, even though Rio Grande doNorte and Paraíba have 94% and
91% of their territories in the Caatinga, respectively. This negligence
is reflected in the priority areas for conservation, which indicates that
Rio Grande do Norte and Paraíba have the highest number of very
high priority areas for conservation (Gouveia et al. 2010, MMA
2016a). The creation and consolidation of the state PA network
are subject to the application of state public policies that emerge from
the local conservation demands and interests of a region, which vary
by PA type and jurisdiction (Rylands & Brandon 2005), explaining
the different scenarios found among states.

The ongoing trend of investment and expansion in the number
and size of EPAs to the detriment of other PA categories and the
inefficient implementation of EPAs are concerning issues for the
future of PAs in the Caatinga. We found that states with greater
extents of Caatinga have an even greater proportion of EPAs in

their systems (Supplementary Fig. S1). These also include the most
economically developed states in Caatinga (Bahia, Pernambuco
and Ceará), which would have more potential to invest in strict
PA creation. High population density, intense use of natural
resources and the land tenure situation consolidated over centuries
resulted in a challenging scenario for the creation of new strict PAs,
which are proven to be more efficient in protecting ecosystem
services when compared to sustainable use or unprotected areas
(Terborgh et al. 2002, Gouveia et al. 2010, Salvatierra et al.
2017). At the same time, in the Caatinga, there are still large natural
remnants (Antongiovanni et al. 2018) under different regimes of
chronic disturbance (Antongiovanni et al. 2020) that represent
important opportunities for the creation of strict PAs and sustain-
able use PAs. Nevertheless, the creation of strict PAs demands
substantial resources for land expropriation. Such areas are inevi-
tably seen as obstacles to development because they may inhibit
some economic activities within their areas and vicinities that
involve the unregulated use of natural resources. Even so, although
strict and sustainable use PA creation is more challenging than that
for EPAs, their implementation should be prioritized if biodiversity
conservation goals are to be met.

Conclusion

Given the depicted nature of PAs in the Caatinga, we recommend
measures that might increase the protection of Caatinga biodiver-
sity, including: (1) increased investment in projects that focus
on conservation and sustainable use in the Caatinga and support
the creation, expansion and management of PAs; (2) states
being rewarded for acting on the recommendations of the priority
areas for conservation report, elaborated by the Ministry of
Environment, regarding the creation of new PAs; and (3) effective
implementation and management of current PAs, especially EPAs.

Supplementary material. To view supplementary material for this article,
please visit https://doi.org/10.1017/S0376892921000308.
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