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ABSTRACT

Tropical dry forests are among the most threatened vegetation types in the world, exposed to even higher deforestation
rates than rainforests. The largest tropical dry forest is the Caatinga, in the semiarid Northeast region of Brazil.
Home to many endemic species and genera, the Caatinga has lost half of its original vegetation cover and become
highly fragmented. Furthermore, the Caatinga is little protected by conservation units and subject to multiple human
pressures. Brazil committed to the Convention of Biological Diversity’s Strategic Plan for Biodiversity 2011-2020,
including the Aichi Biodiversity Targets, requiring protection of 17 % of terrestrial habitats. Using GIS, we quantified
the total area of Caatinga encompassed by fully protected and sustainable use reserves. We found that less than 8 %
of the Caatinga is legally protected under Brazil’s national nature reserve legislation (SNUC law), and only 1.3 % is
in reserves with full legal protection. We show that the geographical distribution of reserves is biased, leaving some
regions of the Caatinga with very little protection. We conclude that Brazil has not met international conservation
commitments with respect to the Caatinga and, despite a recent expansion of the protected area network, only small

and unrepresentative portions of the Caatinga are effectively safeguarded.
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Introduction

Brazilis divided in six phytogeographical domains, termed
‘biomes’ by Instituto Brasileiro de Geografia e Estatistica
(IBGE 2004). These domains show strong geographical
differentiation, both in climate and geomorphology,
resulting in diverse and distinctive landscapes and associated
flora across Brazil, from the hyperdiverse, hot and humid

tropical Amazon to the temperate grasslands of the southern
Pampas (IBGE 2004; Zappi et al. 2015).

Among these, the Caatinga Phytogeographical Domain is
located in a semiarid region with tropical dry forests and is
one of the most threatened domains in the country, having
lost half of its original vegetation cover (Antongiovanni et
al. 2018). Worldwide, the dry forest biome is undergoing
one of the greatest rates of deforestation, faster even than
tropical rainforests (Miles et al. 2006). To reduce such human
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impacts on biodiversity and vegetation, international
multilateral environmental agreements include specific
targets concerning how much should be protected from
each ecosystem. The Convention on Biological Diversity
proposed in 2010 a number of conservation targets which
are known as ‘Aichi Biodiversity Targets for 2020’. These
include a number of measures to be taken by governments
to safeguard biodiversity by protecting ecosystems, species
and genetic diversity (CBD 2010).

The Caatinga Phytogeographical Domain (hereafter
Caatinga) is located in Northeastern Brazil and northern
Minas Gerais and is the driest of the Brazilian domains, with
low rainfall and strong seasonality (Ab’Saber 1974; Ab’Séber
2003; Moro et al. 2016). The Caatinga is also subject to
periodic strong droughts, where very reduced rainfall occurs
across several consecutive years (Nimer 1972). Droughts
were historically associated with famine and migration in the
region and the Caatinga was socially stigmatized as an area
of poverty. This is likely reflected in how society, government
and even the scientific community perceived conservation
issues in these dry ecosystems. Much of twentieth century
conservation focus was on preserving “rainforests”. While
phytogeographical domains such as the Amazon, Atlantic
Forest and Pantanal were recognised as “National Heritage”
sites by Brazil’s 1988 Federal Constitution, the Caatinga,
Cerrado and Pampas Domains were not (Brasil 1988).

Caatinga received little scientific attention during most
of the 20th century (Santos et al. 2011; Moro et al. 2015)
and influential biologists regarded it as of secondary interest
for conservation due to the alleged lack of endemic species
of plants or animals (Rizzini 1963; Vanzolini et al. 1980).
Towards the end of the 20th century and early in the 21st, an
increase in taxonomic and biodiversity studies in the Caatinga
began to reveal levels of species richness and endemism
higher than previously expected, including endemic plant and
animal species and genera (Rodrigues 1996; Sampaio et al.
2002; Rodrigues & Santos 2008; Zappi et al. 2015; Queiroz
etal. 2017; Fernandes et al. 2020). Furthermore, dry forests
in general began to attract greater scientific interest, being
recognized as important for conservation and biogeography
(Pennington et al. 2000; Banda et al. 2016).

Despite recent recognition of the need to conserve
representative parts of all Brazilian natural domains,
Caatinga has already lost half of its vegetation cover (Brazil -
Ministry of the Environment 2015), and a significant part
of the remaining half has been fragmented and degraded
to varying degrees by agriculture, cattle farming, invasive
species spread and road construction (Castelletti 2003; Leal
et al. 2005; Antongiovanni et al. 2018).

Although long acknowledged as an environmentally
heterogeneous region from a geographical perspective
(Ab’Saber 1974), Caatinga was only later recognised
as heterogeneous from a biodiversity perspective. An
important step forward was the publication in 2002 of
a biogeographical map for Caatinga, splitting it in eight
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“ecoregions” (Velloso et al. 2002), taking into account
differences in geomorphology, species composition, and
endemism in different areas of Caatinga.

The Convention on Biological Diversity’s Aichi
biodiversity target 11 states: “By 2020, at least 17 per
cent of terrestrial and inland water, and 10 per cent of
coastal and marine areas, especially areas of particular
importance for biodiversity and ecosystem services, are
conserved through effectively and equitably managed,
ecologically representative and well-connected systems of
protected areas and other effective area-based conservation
measures...”. Although the quantitative targets for area
conserved are most often quoted, it is increasingly
recognised that successful achievement of Target 11 will
also require consideration of other elements for which
numerical values are not included in the wording of the
Target (Gannon et al. 2017; Bacon et al. 2019).

In response to Aichi Target 11, Brazil adopted a new
national Target 11 that establishes that, “by 2020, at least
30 % of the Amazon, and 17 % of the Caatinga, Cerrado,
Atlantic Forest and Pantanal [. . .] shall be protected under
protected areas...” (Brazil - Ministry of the Environment
2015). With the Aichi deadline fast approaching, we
undertook a quantitative and qualitative evaluation of
progress towards meeting the Aichi target in Caatinga, a
phytogeographical domain exclusive to Brazil and home
to irreplaceable biodiversity for the protection of which
Brazil is uniquely responsible. Specifically, we investigated
temporal and geographical coverage of protected areas
(PA), which are termed ‘Conservation Units’ (Unidades de
Conservagdo) under the national system of nature reserves
(Sistema Nacional de Unidades de Conservac¢io — SNUC,
Lei n° 9,981/2000) within the Caatinga, evaluating their
coverage by ecoregion.

We also evaluated the degree of protection of each
ecoregion by the differing levels of human use restriction
applicable to each site by the PA categories recognised in
Brazilian law. We applied a quantitative, spatial approach
to address two key questions. Firstly, how does current PA
coverage of the Caatinga compare to the 17 % targeted?
Secondly, to what extent does current PA coverage meet
the Aichi requirement for ecological representation in each
Caatinga ecoregion? We also applied a more qualitative
approach in an attempt to address a third key question:
does the current PA network for Caatinga meet the Aichi
requirement for effective management?

Materials and methods

Study area

Our study area belongs mostly to Brazilian semiarid
region and its boundary is determined by eight ecoregions
of Caatinga, recognised by Velloso et al. (2002). These
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ecoregions (Fig. 1) extend to all nine states of Brazil’s
Northeast region and also encompass a small area of Minas
Gerais state. The limits of Caatinga proposed by Velloso et
al. (Velloso et al. 2002) differ from those recognised by IBGE
(2004). Furthermore, Velloso et al.’s (2002) recognition of
multiple ecoregions within the Caatinga domain contrasts
sharply with the global ecoregion system of Olson et al.
(2001) that is more commonly used for evaluating progress
towards global targets for protected areas (e.g., Juffe-Bignoli
et al. 2014; Bacon et al. 2019) but which treats almost all
the Caatinga as a single ecoregion. Velloso et al.’s (2002)
classification was preferred for this study because it better
reflects growing understanding of the heterogeneity of the
Caatinga domain by dividing it into smaller ecoregions, based
on the presence of endemic species or genera of animals and
plants. These smaller ecoregions within Caatinga provide
a more appropriate framework for addressing our second
question, concerning ecological representation.

Classification of Protected Areas in Brazilian law

Brazil’s system of nature reserves SNUC was established
by a national law passed in 2000 that recognized 12
types of protected areas (Brasil 2000). Each type of PA
establishes limits to human activities inside the designated
area. Protected areas are usually grouped in two broad
classes: Full Protection PAs (Unidade de Conservagio de
Prote¢io Integral), where only indirect uses (ecotourism,
observation, etc.) are allowed; and Sustainable Use PAs
(Unidade de Conservacio de Uso Sustentével), in which
varying levels of human interference are allowed depending
on the specific PA type established by law. In order to address
our third question, as to the extent to which existing PAs
are effectively managed, we treated the seven PA types
which comprise the Sustainable Use class as three groups,
separating those with greatest and least legal protection
from those with intermediate levels of protection. This
resulted in a total of four groups for our analysis, described
below in order of decreasing legal protection:

Group I - Full Protection (Unidades de Conservacgio
de Protecio Integral - PI), includes all five types of full
protection PA defined by SNUC (Tab. 1). These have the
highest level of protection because only indirect use of
natural resources is permitted;

Group II - Private Natural Patrimony Reserves
(Reservas Particulares do Patriménio Natural - RPPN).
These are private reserves where landowners request public
authorities to recognize their land as an official nature
reserve. If recognized and declared as a nature reserve, the
area receives a stronger level of legal protection than any
other type of PA in SNUC’s Sustainable Use class;

Group III -Sustainable Use Reserves (Reservas de Uso
Sustentavel - RUS) with intermediate level of protection.
This group comprises all but two of the protected area types
in SNUC’s Sustainable Use class, the exceptions being RPPN
(above) and Environmental Protection Areas (below);
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Group IV - Environmental Protection Areas (Area
de Protecdo Ambiental - APA), a category with extremely
low level of protection in Brazilian law. An APA usually
encompasses large expanses of land, including agricultural
and urban areas. Lands remain private, economic uses
are usually allowed to continue, and public supervision is
normally light, resulting in low or negligible effectiveness in
protecting biodiversity. Such APAs cost little to implement
because they do not require the government to purchase
land, nor impose strong limits to how landowners use
the land. Thus, enormous APAs were established in some
Brazilian territories to increase the “amount of protected
sites” even though the efficacy for conservation of some
of these APAs was and is questionable.

Brazil-wide surveys show that APAs have been subjected
to increasing pressures, greater than those reported for
other Sustainable Use PAs (those in our Groups II and
I1I) (ICMBIO & WWEF-Brasil 2011). Specifically, APAs are
reported to experience exceptionally high and rising levels
of pressure from tourism and recreation, from pollution and
from human occupation (ICMBIO & WWEF-Brasil 2011).
More recently, Brazil-wide surveys showed APAs scoring
joint highest for the proportion of their conservation targets
which were not at the level of conservation expected/hoped
for: 64 %, almost two thirds (ICMBIO & WWE-Brasil 2017).

Data acquisition

Geographical data for protected areas were downloaded
through the online database available at Brazil’s ministry
for the environment, Ministério do Meio Ambiente (MMA)
website <http://mapas.mma.gov.br/i3geo/datadownload.
htm> at January 3rd, 2018. The database downloaded
provided files in shapefile format for all Brazilian PAs
officially registered at the “Cadastro Nacional de Unidades
de Conservag¢io” (CNUC; MMA - http://mapas.mma.gov.
br/geonetwork/srv/br/metadata.show?id=1250, accessed
in January 2018). Files in shapefile format provided us 155
georeferenced polygons (124 PA registrations at CNUC) for
PAs and their attribute tables which comprise metadata for
each PA, including unique identification number, year of
foundation, jurisdiction (federal, state or municipality) etc.

Data on political boundaries, water bodies, and roads in
the Caatinga were acquired through the Instituto Brasileiro
de Geografia e Estatistica (IBGE). These files had been
updated in 2016 with information from the 2010 census.
Information about Caatinga Ecoregions, as established
by Velloso et al. (2002), was acquired through the NGOs
Associagio Plantas do Nordeste and The Nature Conservancy
of Brazil, co-publishers of the biogeographical classification
of Caatinga ecoregions (Velloso et al. 2002).

Data processing

We used geographical information systems (GIS) to
calculate the total area and proportion of protected areas
within each Caatinga ecoregion. Where shapefiles were
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available only in the outdated SAD 69 datum, we reprojected
them to SIRGAS 2000, the official datum in Brazil since 2015
(see flowchart in Fig. 2). We used the ‘Checking Geometry’
tool to pinpoint and automatically correct spatial errors
such as empty or open polygons or crossed vertices.

To evaluate how much of Caatinga was included in PAs
we used the ‘Intersect’ tool, a geoprocessing tool which
clips the extent of a polygon that overlaps with another
polygon and generates a new shapefile restricted to the
area of intersection between the polygons (in our case
PAs and the limits of the Caatinga Domain), maintaining
the original data in the attribute table. PAs or parts of PAs
occurring inside the polygon of total extent of Caatinga
according to the Velloso et al. (2002) limits were extracted
with ‘Intersect’ tool. Thus, after the intersect operation,
areas outside the limits of Caatinga were excluded from this
study. We exported this database as a new Shapefile (first
export - E-1 in Fig. 2). The attribute table for each PA within
Caatinga was exported to a “.txt’ format and imported to a
spreadsheet as the basis for this paper.

Subsequently, the tool ‘Single part to multi part’ was
used to separate the Caatinga ecoregions in eight individual

Table 1. Groups and classes of PA in Brazil.

polygons. Then an Intersect of PAs was executed for each
ecoregion, generating eight shapefiles of protected areas
included in each ecoregion. It is relevant to remember that
some PAs extend over more than one ecoregion, which is
the reason we exported the E-1 data previously for analysis.
For each shapefile of PAs, the area of individual polygons
inside individual ecoregions was calculated and added to a
new column in the attribute table. In addition, we calculated
the area of the polygons of PAs for each Caatinga ecoregion
to evaluate the proportion protected by nature reserves.

Before exporting data for individual Caatinga ecoregions
(E-2), we loaded our near-final geographical data to the
official Brazilian online GIS portal i3Geo’ for visual
verification of our edited dataset against the “official” on-
line geographical data. We discovered that a PA created in
2001 (RPPN Serra das Almas), was missing from the official
data downloaded. We manually downloaded the shapefile
for this PA and added it to our dataset after executing all
procedures described above. A final map of PA distribution
across Caatinga ecoregions was then prepared. Metadata
for each PA was exported and analysed in a spreadsheet in
our supplementary data (Flowchart 2 in Fig. 3).

IUCN Management | Level of legal protection of
m casses by SN DeSIgnatlon Type m the local blodlverslty

Ecological Station
Full Protection B Daliien) ESEC Very high
I Full Protection Biological Reserve REBIO Ia Very high
! (Reserva Biologica) y g
. [National] Park* .
I Full Protection (Parque Nacional) PARNA II High
X Natural Monument .
I Full Protection (Monumento Natural) MN I1I High
. Wildlife Refuge .
I Full Protection ettt dre Tidla S asiacs) REVIS III High
. Private National Patrimony Reserve .
I Sustainable use (Reserva Particular do Patriménio Natural) RPPN v Moderate/high
: *
111 Sustainable use IERL] Fo.rest FLONA VI Moderate
(Floresta Nacional)
111 Sustainable use (Rf:;l;l/i IEZS;:ZEa) REFAU n/a** Moderate
111 Sustainable use SR Gl eoeniz el el linttarer ARIE v Moderate
(Area de Relevante Interesse Ecolégico)
. Sustainable Development Reserve
1 Sl ST (Reserva de Desenvolvimento Sustentavel) e Vi R
111 Sustainable use Extractive Res.etjve RESEX VI Moderate/Low
(Reserva Extrativista)
v Sustainable use G SRR R i APA A% Very low

(Area de Protecio Ambiental)

Brazilian Law 9985/2000 (Brasil 2000) established 12 types of protected area which are classified in two classes (Full Protection
and Sustainable Use). We treated these in four groups for analysis purposes. All Full Protection PAs are placed in Group I, while
Sustainable Use PAs are divided in three groups: private reserves as group II; all other Sustainable Use reserves as group III except

for APAs which constitute group IV.

*Protected areas which can be implemented also by state or municipal governments and are not strictly “national”.

** There is no register of REFAU PAs category implemented in Brazil. Also, not available at IUCN management categories.
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The second phase of analysis started with E-2 (Fig. 3). We
grouped the types of PA in four groups in decreasing order
of protection received from Brazilian law as described above.

In some cases, two PAs overlap. This can happen when
a PA of higher level of protection (e.g., a national forest
or a national park) is created inside a PA of lower level
of protection (usually an APA). When a territory was
encompassed by two overlapping PAs, we attributed its area
only to the PA with the higher level of protection following
Table 1 (e.g., the extent of a RPPN inside an APA is counted
as RPPN and a National Park inside an APA is counted as
a National Park).

A final spreadsheet was elaborated to evaluate the
data processed using descriptive statistics, to quantify
accumulation curves of number of PAs over time, and
accumulation curves of total protected extent over time.
We compared our results with those of the most recent
comparable study (Hauff 2010) and calculated the differences
in PA coverage per ecoregion.

Ahigh-resolution map, a spreadsheet with data from all
PAs within Caatinga and the shapefiles with all data processed

00W 36°00W

for this study are made available in our supplementary data
at: https://doi.org/10.6084/m9.figshare.13120358.

Management effectiveness

We analyzed national reports produced by Brazil on
management effectiveness of PAs since 2005 IBAMA &
WWE-Brasil 2007; ICMBIO & WWEF-Brasil 2011; 2017). We
sought information which would allow us to compare the
management effectiveness of Caatinga PAs in Groups I -1IV.
We compiled published narrative comments and statistics
which compared management effectiveness in different
Brazilian domains, comparisons of management effectiveness
across PA types, and evidence of change over time.

Completion of protected area management effectiveness
evaluations is the only currently available global indicator
for management effectiveness (Bacon et al. 2019). These
assessments are tracked in the Global Database of
Protected Area Management Effectiveness (https://pame.
protectedplanet.net/). We downloaded records of completed
assessments of Protected Area Management Effectiveness
(PAME 2020) for Brazil IBAMA & WWE-Brasil 2007).
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Figure 1. Caatinga Limits. A: Geographical extent of the Caatinga Domain based on overlap between two influential maps: that of
the Instituto Brasileiro de Geografia e Estatistica (IBGE 2010), brown polygon, and Caatinga Ecoregions map by Velloso et al. (2002),
green outline. Velloso’s circumscription of Caatinga, adopted in our study, differs from that of IBGE in including the western part
of Bahia but excluding an area of central-western Piaui. Codes for Brazilian states: MA — Maranhio; PI - Piaui; CE - Ceard; RN - Rio
Grande do Norte; PB - Paraiba; PE — Pernambuco; AL — Alagoas; SE - Sergipe; BA — Bahia; MG — Minas Gerais. B: Ecoregions of

Caatinga according to Velloso et al. (2002).
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Figure 2. Flowchart 1. Procedures performed to analyze the
geographical distribution and extent of Protected Areas within each
ecoregion of the Caatinga Phytogeographical Domain, in Brazil.

We cross-referenced this to our list of Caatinga PAs and
calculated the proportion of PAs in each of our Groups
I-IV for which a management effectiveness evaluation was
logged in the PAME database. We used a chi square test to
ascertain whether there were differences between Groups
I - IV in terms of the proportion of PAs within each group
for which a management effectiveness evaluation had been
completed.

Results

PA coverage of Caatinga

We documented a total of 124 PAs in Caatinga (Fig. 4).
They were created between 1946 and 2017 (Fig. 5A) and
together their areas sum 6,807,732 hectares or 7.96 % of
the Caatinga total extent as mapped by Velloso et al. (2002).
The first PA established in the study area is the Floresta
Nacional do Araripe, a reserve located in the south of Ceara
state and created in 1946. The most recently established
PA was the Parque Estadual do Coco, also in Ceard, which
was implemented in 2017, the year immediately preceding
data acquisition for this study. Beginning in the 1990s, and
continuing in the first decade of the 21st century, there was
a steady increase in the number of new PAs created, with a
reduction in pace in more recent years in both number and
total extent of new PAs designated (Fig. 5A-B).

Considering the PAs by group (Fig. 5A), we found
that Groups I and II had similar numbers of PAs, each
contributing approximately one third of the total number
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Figure 3. Flowchart 2. Final procedures performed to analyze the
geographical distribution and extension of Protected Areas inside
each ecoregion of the Caatinga Phytogeographical Domain in Brazil.

of Caatinga PAs: Group I comprised 42 Full Protection sites
while Group II encompassed 43 private nature reserves
(RPPNs) officially registered in the MMA database. Group IV
comprised 27 APAs while in Group III all other Sustainable
Use protected areas (RUS) summed to 12.

Although RPPNs and Full Protection PAs were more
numerous, they represented a small proportion of total PA
extent (Fig. 5-B). While 6,807,732 hectares of Caatinga had
some type of legal protection, APAs (Group IV) were by far
the group with the largest spatial extent: 5,610,588 ha. In
contrast, Full Protection sites summed to only 1,112,508 ha,
RUS 72,476 ha, and RPPN only 12,164 ha. From the 1980s
until 2002 there was a considerable increase in total PA extent.
This was achieved by a moderate increase in land protected
as Full Protection reserves and a large increase in APAs.

Calculation of the total area protected in each PA
group, showed that only 7.96 % of Caatinga is legally
protected and only 1.30 % is protected by Full Protection
reserves (Tab. 2), which best safeguard biodiversity.
Although there was a clear pattern showing the creation
of RPPNs increasing steadily during the 21st century
(Fig. 5-A), collectively they represented just 0.01 % of
Caatinga (Tab. 2). Sustainable Use reserves in Group III
represented a similarly small portion of Caatinga: 0.08 %.
In contrast APAs collectively represented 6.56 % of the
total extent of Caatinga in area.

Ecological representation within Caatinga PAs

Within Caatinga, ecoregions differed widely in their PA
coverage (Fig. 6). Three ecoregions (Complexo de Campo
Maior, Complexo da Ibiapaba-Araripe and Dunas do Sdo
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Francisco) had over 17 % of their area encompassed by PAs,
reaching Aichi target 11 at least in terms of legally protected
area, while the remaining five ecoregions fell far short of
this threshold, with total PA coverage per ecoregion ranging
from 0.1 to 7.4 % (Tab. 3). However, when PA coverage for
ecoregions was considered by PA group, a more complex and
concerning picture emerged. In two of the three ecoregions
which exceeded the 17 % target, the legally protected area
was all or almost all within APAs, the weakest form of
protection (99 % for Complexo de Campo Maior, and 100 %
for Dunas do Sio Francisco). Thus the 17 % threshold was
exceeded almost exclusively through the recognition of very
large APAs. The situation of Complexo da Ibiapaba-Araripe
was appreciably better, with 4.5 % of its extent encompassed
in Full Protection PAs, placing it in the top three Caatinga
ecoregions in terms of Full Protection coverage, along with
Complexo da Chapada Diamantina (4.06 %) and Raso da
Catarina (5.37%). No other ecoregions had more than 1%
of their extent within Full Protection reserves.
Comparison of our estimates of PA coverage for Caatinga
with those of Hauff (2010) showed striking differences.
Despite the seven years which elapsed between the two
studies, over which period 35 additional PAs were designated
in Caatinga covering a total of 139,203 hectares, our estimate
of total PA coverage for Caatinga is lower than Hauff’s by
0.44 %, equivalent to 376,428 hectares. Comparison of
estimates for individual ecoregions revealed apparent over-
estimates by Hauff (2010) for five of the eight ecoregions
(Complexo Campo Maior, Complexo Ibiapaba — Araripe,
Depressio Sertaneja Sententrional, Planalto da Borborema,
and Raso da Catarina). These discrepancies may be caused
by differences in the methodologies or the data sources
used by Hauff. It is unclear whether or not Hauff (2010)
considered the total extent of PAs that extend beyond the

limits of Caatinga; portions of PAs which extend beyond
the limits of Caatinga are excluded from our data.

Management effectiveness of Caatinga PAs

Examination of management effectiveness reports
produced by Brazil 2005-17 IBAMA & WWE-Brasil 2007;
ICMBIO & WWE-Brasil 2011; 2017) showed that they varied
greatly in the ways in which PA types were grouped and
in whether data were broken down by domain (termed
biome in Brazil), with the result that robust quantitative
analyses by PA type by domain were not possible. Further
observations on the reports analyzed are presented in
Supporting Information.

Analysis of which Caatinga PAs are represented by
management effectiveness reports in the Global Database
of Protected Area Management Effectiveness showed
significant differences in representation of our different
groups of Caatinga PAs (chi-squared = 24.318, df= 3, p <<
0.001 - see supplementary material for the detailed results).
No management effectiveness evaluations were reported
for Caatinga RPPNs. Among the other Sustainable Use PAs,
the APAs were least likely to have a recent management
effectiveness report while Group III (RUS) had relatively
high coverage, as did the Full Protection PAs.

Discussion

Our study of protected areas in the Caatinga combined
2018 data from Brazil’s official registry of protected
areas, with rigorous GIS analyses to remove duplication
and maximize consistency so as to provide an accurate
estimate of Brazil’'s progress towards Aichi target 11 by

Table 2. Total extent (in hectares) and the percentage of the full extent of Caatinga encompassed by protected areas with different

level of legal protection.

Classification according to Brazilian law Groups of protected areas divided by the degree Area % of Caatinga
(Law 9.985/2000) of safeguard they offer to biodiversity (hectares) included

Full Protection Group I - Full Protection Areas (PI) 1,112,504.95 1.30 %
Sustainable Use Group II - Private Reserves (RPPN) 12,164.39 0.01 %
Sustainable Use Group III- Other Sustainable Use areas except RPPN and APA (RUS) 72,475.95 0.08 %
Sustainable Use Group IV - Environmental Protection Areas (APA) 5,610,586.82 6.56 %
Total 6,807,732.11 7.96 %
Table 3. Percentage of each ecoregion protected by SNUC nature reserves for each group.
e T
Ecoregions = — = . Total

Complexo da Chapada Diamantina 4.06 % 0.00 % 0.15 % 2.24 % 6.44 %
Complexo de Campo Maior 0.15 % 0.00 % 0.00 % 1713 % 17.26 %
Complexo Ibiapaba-Araripe 4.50 % 0.04 % 0.55 % 16.28 % 21.37 %
Dunas do Sao Francisco 0.00 % 0.00 % 0.00 % 53.14 % 53.14 %
Depresséo Sertaneja Meridional 1.00 % 0.01 % 0.05 % 2.74 % 3.80 %
Depressiao Sertaneja Setentrional 0.18 % 0.03 % 0.03 % 2.26 % 2.51 %
Planalto da Borborema 0.07 % 0.00 % 0.00 % 0.05 % 0.12 %
Raso da Catarina 5.37% 0.00 % 0.00 % 2.02 % 7.39 %
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achieving 17 % PA coverage for terrestrial ecosystems.
Drilling down into the individual ecoregions and different
types of legally protected area within Caatinga allowed
us to evaluate ecological representation and consider
management effectiveness. On all three counts: coverage,
ecological representation and effective management, we
conclude that Brazil is far from meeting the Aichi 11 target
with respect to Caatinga.

The target of achieving 17 % protected area coverage
for Caatinga dates from 2013 when Brazil set new National
Targets based on the Aichi global targets. With hindsight,
that decision could be interpreted as a triumph of optimism
over experience, since Brazil had recently failed to meet
the earlier target of 10 % protected area coverage by 2010.
Furthermore, a national analysis based on 2013 data (Brazil -
Ministry of the Environment 2015) showed negligible
growth in total geographical area protected since 2009.
Caatinga PA coverage was estimated at 7.5 % at that date.
Comparison with our estimate of just under 8 % four years
later illustrates the glacial pace of progress and inspired
little hope that a doubling of PA coverage could be delivered
by 2020, not least because the prevailing economic and
political climate is much less conducive to biodiversity
conservation now than in the early years of the millennium
(Magnusson et al. 2018).

Notwithstanding the evidence presented above, Brazil’s
5th National Report to the Convention on Biological
Diversity (Brazil - Ministry of the Environment 2015)
provides some insights as to how the 17 % target for
2020 could be argued to be realistic, at least in terms of
headline measure of coverage. Crucially, unlike Brazil’s
2010 National Target, National Targets adopted by Brazil
in 2013 in response to the global Aichi targets were based
on a new and more inclusive method of quantifying the
total area considered to be protected. In addition to the
Full Protection and Sustainable Use PAs recognized under
SNUC and included in our analyses, Brazil also intended
to count toward the target other areas which ‘contribute
to nature protection’ such as indigenous lands, quilombola
territories, permanent preservation areas (including riparian
preservation areas and hilltop preservation areas), and legal
reserves in private properties - even though permanent
preservation areas and legal reserves are admitted by the
MMA to be ‘less strict or effective’ (Brazil - Ministry of the
Environment 2015).

Brazil’s 2012 Forest Code (FC) (Brasil 2012) introduced
major changes to the definition of permanent preservation
areas and legal reserves. These changes in PA accounting
approach prompted an ongoing massive nationwide
initiative to document and geo-reference millions of rural
properties, varying portions of which might qualify as
protected areas in the broadest sense, including hilltops and
riparian areas, many of which are already deforested and will
serve to increase “protected areas” only in theory, without
a real effect on the ground. Estimating the full impact of
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this new and more inclusive accounting approach is beyond
the scope of our study. Detailed modelling of the impacts
of the Forest Code suggest that much of the Caatinga is
fully compliant with the new thresholds and that the FC
will, in all likelihood, allow additional deforestation in the
Caatinga (Soares-Filho et al. 2014). Thus, ironically, FC
implementation could allow Brazil to meet its 2013 National
Target corresponding to global Aichi Target 11 in theory,
declaring a greatly increased proportion of the Caatinga to
be “protected” (including already deforested areas), while
also legalizing further deforestation.

However, when Brazil’s 6% National Report (Brazil -
Ministry of the Environment 2020) reported progress
towards Target 11, based on a data assessment undertaken
in May 2018, Target 11 was reported as not achieved -
despite including indigenous lands as an extra category -
although its progress was classified as “on track to achieve
target” (Brazil - Ministry of the Environment 2020). The idea
presented in the 5% report to count private legal reserves
and private permanent preservation areas as “protected”,
even when they are already deforested, appears to have been
reconsidered, as the Additional Information supporting
the 2020 Target 11 report allows for accounting for Target
11 to include ‘other areas-based effective conservation
measures, as long as they maintain native vegetation’.
However, the manner in which such OMECs will be
considered to contribute to Target 11 was reported to be
‘still under technical discussion’ (Brazil - Ministry of the
Environment 2020).

To address the question as to whether the existing
protected area network for Caatinga encompasses an
ecologically representative set of areas, we quantified
and characterized coverage across the eight ecoregions
of Caatinga proposed by Velloso et al. (2002) and found
significant heterogeneity in the extent of coverage in each
ecoregion and the level of protection provided. Only three
of the eight ecoregions reached the 17 % target in terms of
simple coverage and for two of these virtually all (99-100 %)
of that coverage was in the form of APAs, by far the least
effective form of protected area. For example, the Dunas
do Sao Francisco, an ecoregion with a considerable number
of endemic species (Rodrigues & Santos 2008; Queiroz et
al. 2017), does not have any Full Protection reserves (Tab.
2). More encouragingly, the ecoregion with the largest
proportion protected by Full Protection reserves is the
Raso da Catarina, an ecoregion with sandy soils and their
associated endemic plants and burrowing, fossorial animals
(Rodrigues & Santos 2008; Queiroz et al. 2017).

Our choice of the Velloso et al. (2002) ecoregion schema
as the framework for our ecological representation analysis,
rather than the Olson et al. (2001) system, was based on
the rapidly increasing body of scientific evidence indicating
that the heterogeneity and complexity of the biodiversity
of the Caatinga domain merits a more sophisticated
treatment than simply designating it as a single ecoregion
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(Moro et al. 2016). Much of this new evidence has been
obtained and synthesized over the past two decades and
so would not have been available to Olson et al. (2001) (eg:
Rodrigues 1996; Rodrigues & Santos 2008; Guedes et al.
2014; Werneck et al. 2015; Moro et al. 2016; Souza et al.
2016; Queiroz et al. 2017; Fernandes et al. 2020) when their
ecoregions proposal was in development. Recent studies
have shown differences in the flora of different subregions
within Caatinga and have recorded the existence of endemic
genera and endemic species of both plants and animals in
each individual Caatinga ecoregion (Velloso et al. 2002).

Although the Velloso et al. (2002) ecoregions are widely
recognized and applied, they are by no means the only
evidence-based approach to a spatial subdivision of Caatinga
into regions that reflect differences in biodiversity. An
alternative subdivision of Caatinga might provide a different
perspective on the extent to which the current protected
area network is ecologically representative of the Caatinga
domain as a whole. For example, a recent, data-driven
phytogeographic regionalization of the Caatinga recognized
nine floristic groups considered to show little overlap with
previous Caatinga classifications (Silva & Sousa 2018). An
analysis of protected area coverage within these groups
could provide an interesting and informative contrast to
our study.

A limitation of our study is that our quantitative
approaches were appropriate to the evaluation of total extent
of PA coverage in Caatinga and the degree of ecological
representation of the current PAs but less suited to the
evaluation of management effectiveness (Leverington et
al. 2010; OECD 2015). Effective management of protected
areas is widely recognized as one of the key aspects of Target
11 (Coad et al. 2013) and a challenge which the majority
of countries fail to meet (Ferreira et al. 1999; Hockings
et al. 2006). Over the past two decades, evaluation of
management effectiveness has emerged and developed
as a discipline in its own right. Brazilian scientists were
among the pioneers in this field (Ervin 2003) and continue
to be active in the development of protocols that can assess
effective and equitable management in the implementation
of Aichi Target 11 (ICMBIO & WWE-Brasil 2011). Brazil was
an early adopter of the Rapid Assessment and Prioritization
of Protected Area Management (RAPPAM) Methodology,
which was developed specifically for use on a system-wide
scale IBAMA & WWE-Brasil 2007; ICMBIO & WWE-Brasil
2011; 2017).

More recently, following the establishment of Instituto
Chico Mendes de Conservacio da Biodiversidade (ICMBio),
a second, complementary system has been developed:
System for Analysis and Monitoring of Management
(SAMGe) (ICMBIO & WWE-Brasil 2011). Comparative
analysis of reports based on data from RAPPAM and/or
SAMGe proved challenging in our study, not least due to
differences in how the different PA types were grouped
over time and the extent to which the reports included
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breakdowns by domain (termed biome). Despite difficulties
in comparisons and in identification of change over time,
careful reading leaves little room for doubt that there is
cause for concern regarding the PA network for Caatinga
and, in particular, the predominance within it of APAs (see
List in supplementary material: https://doi.org/10.6084/
m9.figshare.13120358).

Overall, these reports IBAMA & WWEF-Brasil 2007;
ICMBIO & WWF-Brasil 2011; 2017) provide little
reassurance that the areas which comprise the PA network
to represent Caatinga are effectively managed. Although
the threshold values of 17 % to meet the Convention on
Biological Diversity’s Aichi biodiversity target 11 appear to
have been met for some ecoregions, the fact that so much of
the area of the network comprises APAs is a clear indication
that, far from being protected, the biodiversity in most
areas is suffering the adverse effects of increased pressure
from resource use and human occupation. Furthermore, the
very limited improvements in management effectiveness
achieved during a period of economic growth in Brazil
2005-10 (IBAMA & WWE-Brasil 2007), combined with the
low return rate from Caatinga PAs in the latest round of
monitoring in particular for Caatinga APAs (Fonseca et al.
2018), leaves little room for doubt that the biodiversity in
much of the Caatinga PA network is at high risk of decline,
local extinction, and even global extinction in the case of
species endemic to Caatinga.

While our study shows a wide gap between aspiration and
achievement in Brazil’s progress with effective protection
of Caatinga, it is important not to understate the very
significant scientific and practical steps that have been taken
toward that goal in recent years. A notable milestone was
the determination of 282 priority areas for conservation,
sustainable use and shared benefits of Caatinga biodiversity,
enshrined in Brazilian law in 2016 (Fonseca et al. 2018).
This represented the culmination of a series of participatory
systematic conservation planning workshops reported in
detail by Fonseca et al. (2018). Although these authors
acknowledge that the economic climate is not conducive
to immediate creation of new protected areas, even in the
subset of 53 priority areas which they identified as the best
opportunities for proactive conservation, they identify
potential ways forward in collaboration with industry,
international NGOs and financial institutions.

The almost inevitable hiatus between designation
of priority areas for Caatinga conservation and their
implementation represents an ongoing risk to the Caatinga
domain and a frustration to the many researchers and
practitioners who have invested so much energy and
time to reach this point. However, the hiatus can also be
seen as an opportunity, even when resources for science
and conservation are scarce. Low-budget conservation
research projects, such as that described in this paper,
based only on data in the public domain, have the potential
to provide valuable insights into current conservation
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questions. The 282 priority areas identified in 2016
(Fonseca et al. 2018) were selected based on a combination
of 691 conservation targets, the majority being species
of plants and birds for which data on conservation status
was available. Most Caatinga species still lack formal
extinction risk assessments which would allow their
inclusion in future studies. The increasing availability
of online risk evaluation tools, training, and occurrence
data has rendered extinction risk assessment - once a
highly specialist activity - more accessible, achievable and
affordable (Bachman et al. 2019), even within the timescale
of undergraduate or postgraduate student projects. And
the increasingly availability of smartphones offers exciting
opportunities to involve local people in citizen science
projects, monitoring their local biodiversity and proactively
searching for species which are considered to be at risk
of extinction.

Actions at local level will need to be complemented by
action at regional, national and international level if Brazil
is to be encouraged and supported to meet its commitments
under the Convention on Biological Diversity. Ultimately,
the ongoing degradation and destruction of Brazil’s unique
Caatinga phytogeographical domain is a matter of global
concern, since many species and genera characteristic of
Caatinga are not found elsewhere (Queiroz et al. 2017).
Their loss represents a significant opportunity cost, not
only in terms of the loss of unique evolutionary history
before it has been studied, but also in practical terms as
the loss of organisms which are the products of millions of
years of evolution in and adaptation to arid environments.
Their individual adaptations, which provide the resilience
to allow them to persist in their extreme environment, are
a resource likely to be of increasing interest and value to
human populations as the extent of semi-arid environments
increases under climate change.
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