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Protected Areas, including conservation units (UCs), are among the main strategies for maintaining bio-
diversity worldwide. Their management plans are an essential instrument for the suitable functioning of
these areas. In this context, the present study analyses the Brazilian management plans to identify dif-
ferences between their goals, and to investigate target biological groups for conservation. We identified
2544 Protected Areas in Brazil, of which only 496 (19.5%) have management plans. However, only 62%
of these management plans (307) were fully available. The category with the fewest management plans is
the Wildlife Refuge (only 5.95% of the Protected Areas with management plans) and the least represented
biome, in terms of a number of management plans, is the Caatinga one, with 10.35% of Protected Areas
with management plans. Among the categories of UCs, the Private Natural Heritage Reserve (RPPN) stands
out, with 85 units with management plan. This category is among the most recently established UCs, and
also presents most updated plans. There were no differences in the specific goals by category of UC and
by biome between Protected Areas with management plans. Mammals and birds were the main umbrella
species, sheltering the high diversity of species. Therefore, we have identified that only 20% of the UCs in
Brazil have management plans. In relation to UCs without management plans, even if their main goals are
ecological and have mammals as focal species, which globally present positive results as umbrella species,
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it is necessary to update the management plans periodically.
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Introduction

Biodiversity plays an important role in main-
taining ecological balance and ecosystem servic-
es, and consequently has high relevance to hu-
man well-being (Pimm et al., 2014; Bennett et
al., 2015; Oliver et al., 2015; Diaz et al., 2018).
However, biodiversity has been declining at all
scales (local, regional, and global) (Collen et al.,
2009; Butchart et al., 2010; Pimm et al., 2014),
and this loss is considered one of the most criti-
cal environmental problems today (Gustafsson,
2013; Karlsson-Vinkhuyzen et al., 2018). The
current loss of biodiversity is a result of several
human-induced factors; the main ones are chang-
es in vegetation cover, climate change, pollu-
tion, overexploitation, and introduction of inva-
sive species (Pereira et al., 2012; Mehring et al.,
2017; Whitehorn et al., 2019).

In this scenario, the establishment of Pro-
tected Areas (PAs) is one of the most used strat-
egies for biodiversity conservation and restora-
tion (Chape et al., 2005; Geldmann et al., 2013;
Carranza et al., 2014). It is crucial for decreasing
species extinction rates (Gray et al., 2016; Fer-
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reira et al., 2020), in addition to reducing for-
est fires (Nelson & Chomitz, 2011), carbon loss
(Scharlemann et al., 2010), and negative chang-
es in vegetation cover (Geldmann et al., 2013).
Thus, the PAs are fundamental tools to achieve
goals of reducing the loss of biodiversity through
actions that provide full protection or sustainable
use, balancing the relationship between environ-
ment and society.

Brazil is worldwide one of the most
biologically diverse countries, which needs to
prioritise its conservation (Oliveira et al., 2017),
investing in the creation of new PAs (nationally
classified as Conservation Units, hereinafter —
UCs), and also in the maintenance and inspections
of PAs so that they are efficient (Soares-Filho et
al., 2010; Oliveira et al., 2019). The UCs play a
crucial role in protecting the country’s resources
and are divided into two groups: Integral
Protection Units, which aim to preserve nature,
thus allowing only the indirect use of existing
resources in this area; and Sustainable Use
Units, which aim to make nature conservation
compatible with the sustainable use of its natural
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resources (Brasil, 2000). Furthermore, the UCs
can be subdivided into 12 categories, which is
especially due to the multiplicity of conservation
objectives that will be given priority by each one
of them. The better example of these categories
is the Environmental Protection Areas (APA),
whose basic goal is the protection of biological
diversity, ensuring sustainability with the use of
natural resources and has as main characteristic
the protection of large areas with private and
public interest (Brasil, 2000).

The effectiveness of these areas is a key fac-
tor in promoting biodiversity conservation (Mat-
tar et al., 2018). The management plans and en-
vironmental zonings are the main management
instruments for the success of a UC (Almeida &
Loch, 2012; Saleme & Costa, 2020). Manage-
ment plans are dynamic and practical instruments
with guidelines and overall conservation objec-
tive (Amend et al., 2002). Flexibility and adapt-
ability of plans are important characteristics so
that the measures meet the current needs of the
area (Kinouchi, 2015). In Brazil, the manage-
ment plan is considered a mandatory document
for a UC, and the deadline for its conclusion is
up to five years after their creation (Brasil, 2000).

Considering the importance of the manage-
ment plan for the decision-making in the UCs,
this study was based on a detailed analysis of the
management plans of the UCs in Brazil, in order
to understand three key questions: (i) the exis-
tence of the management plan and its updates; (ii)
the specific objectives and their possible varia-
tions between categories and region (biome); (iii)
the target and benefited biological groups (with a
focus on fauna) by UCs.

Material and Methods
Database
The data on Brazil’s Conservation Units were
extracted from the website of the National Registry
of Conservation Units (Cadastro Nacional de Uni-
dades de Conservacao — CNUC), in the second half
of 2020. The management plans were obtained in
the ICMBio platform (https://www.icmbio.gov.br/
portal/unidades-de-conservacao). Some old plans
are available only as a physical paper form, and
they were not used in this study. The following
general information was extracted from each man-
agement plan: name of the unit; year of establish-
ment; category; total area; location (biome); year
of the last update. In addition, specific objectives
and focus species were also assessed.
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Guidelines of the UC: mission or longing
established for unity

The main objectives were classified accord-
ing to themes. 1. Ecological: aiming at the pro-
tection, conservation or restoration of the envi-
ronment or species present in the UC, in order
to ensure the continuity of local ecological pro-
cesses; 2. Social: aiming at the improvement of
the quality of life of the populations living inside
or near the UC, as well as environmental educa-
tion activities and encouragement of scientific
research or actions focused on the conservation
of cultural and historical society; 3. Economic:
aiming at actions to improve local income, con-
sidering the sustainable use of resources, wheth-
er extraction or tourists; 4. Mixed: when they
equally address more than one of the previous
themes (ecological and social; social and eco-
nomic; ecological and economic; or ecological,
economic and social).

The main species were separated as two cat-
egories. 1. Focal species: conservation of endan-
gered species; these species were commonly de-
scribed in the guidelines or among the first five
specific objectives of the management plan; 2.
Benefited species: ecologically important species
in the UC, but not necessarily threatened with ex-
tinction, commonly described in the list of spe-
cies present in the UC, in which it gives more
emphasis to the animal part. For both cases, the
order was the taxonomic level used.

Data analysis

The time for creating the UC and the time for
updating the management plan were analyzed and
compared by a PERMANOVA, in order to iden-
tify which UCs have more updated plans. From the
specific objectives categorised by themes (ecologi-
cal, social, economic, and mixed), the frequency
of them per UC was determined, following the
number of times that the theme appears divided by
the total number of UC objectives. The frequen-
cies by UC were grouped first by category and by
biome. Thus, the PERMANOVA test, followed by
pairwise test, was performed to assess differences
between the categories and the biomes (Zar, 2014)
for these two divisions (category and biome). Lin-
ear discriminant analysis (LDA) was performed
between the objectives of the PAs grouped by cat-
egory and by biome.

The focal and benefited species were grouped
according to their taxonomic order, except for
Carnivora. Species from this order were grouped
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according to their suborder (Feliformia or Cani-
formia). Subsequently, it was carried out at the
frequency of the target group and it is necessary
to analyse the interaction with the beneficiaries,
to identify which target group helps in the con-
servation of the greatest diversity of animals.

Based on the density values of the main focal
groups, the diversity indices (Hill series) were
calculated, considering the taxonomic order of
the species. The Hill series defines the «q» orders
of diversity, which are sensitive to the frequency
of species of the community. The indices anal-
ysed were: total species richness (q = 0); Shan-
non-Wiener index (q = 1); Simpson dominance
index (1/D) (q = 2); gini-Simpson index (q = 3);
Tsallis index (q = 4); and Renyi index (q = 5)
(Chao et al., 2014).

Results

A total of 2544 UCs are registered in Bra-
zil. However, only 496 (19.5%) of these have a
management plan. However, only 268 manage-
ment plans are available in the ICMBio platform,
representing 62% of the total management plans
in Brazil. When the percentage of UCs with man-
agement plans was analysed by biome, Caatinga,
Cerrado, and Atlantic Forest ones have less than
20% of the UCs with management plans, and the
difference between the number of UCs with and
without plans was significant (p < 0.004). The
coastal marine biome has a higher percentage
of PAs with management plans (35.75%), while
the biomes Pampa and Pantanal have the lowest
number of available management plans (Table).

Among the categories of UCs, the Private
Natural Heritage Reserve (RPPN) stands out,
with 85 units with a management plan. This cate-
gory is among the most recently established units

and also presents more updated plans, with an
update every 6.5 years. Also, the National Parks
(PARNA) and the National Forests (FLONA)
have 50 and 43 units with a management plan, re-
spectively. However, these categories had a mean
of 12 years for a plan update (Fig. 1).

Ecological objectives, regardless of category
or biome, were the most frequent in the UCs (Fig.
2). Among the categories, the Extractive Re-
serves (RESEX) was also prominent in the mixed
social and economic objectives, while the RPPN
in the Social Theme (Fig. 2A). In addition, the
UCs by category showed significant differences
(PERMANOVA, F =4.061, p <0.001); FLONA
and RESEX categories were the most differenti-
ated from the other ones. The objectives grouped
by biome showed a higher similarity between the
UCs by biome (Fig. 2B), but also showed a sig-
nificant difference (PERMANOVA, F = 2.131,
p = 0.021), in which the Amazon biome differed
from the Cerrado, Atlantic Forest and Marine bi-
omes; the Atlantic Forest biome was also differ-
ent compared to the marine UCs.

The themes of the specific objectives by LDA,
points out low separation by categories of UCs
(Fig. 3A) and by biome (Fig. 3B), showing that
the objectives of the UCs tend not to present high
variations. However, the accuracy by UC catego-
ries (mean: 0.45; 95% CI: 0.38—-0.53) was higher
than by biome (mean: 0.39; 95% CI: 0.33-0.47).

The main theme of the objectives was related
to the conservation and preservation of the fauna
and flora in the UCs. Among the focal species of
conservation, 73 orders were identified, in which
the first ten represent 48% of all the focal species
(Fig. 4). Among them, Feliformia animals were
mentioned in 54 management plans, followed by
primates (24 management plans).

Table. Number of Brazil Conservation Units with management plans by biome in 2020

Biome Total UCs UCs with MP

UCs with available MP

Proportion between UCs with MP and UCs

with available MP (%)
Amazon 397 109 66 60.55
Atlantic forest 1536 298 116 38.92
Caatinga 232 24 20 83.33
Cerrado 468 85 40 47.05
Marine 193 69 25 36.23
Pampa 36 9 1 11.11
Pantanal 29 6 3 50.00
Total 2544 430* 271 62.79

Note: UC — Conservation Unit, MP — management plan; * — The UC can be in more than one biome; in total, it only counts once.
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Fig. 1. Frequency of Conservation Units in Brazil, by declaring time (A) and management plan update time (B), by category.
Designations: APA: Environmental protection areas; ARIE: Areas of relevant ecological interest; ESEC: Ecological stations;
FLONA: National forests; PARNA: National parks; RDS: Sustainable development reserves; REBIO: Biological reserves;
RESEX: Extractive reserves; REVIS: Wildlife refuges; RPPN: Private natural heritage reserves.
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An analysis of the interaction of target-benefi-
ciary species, pointed to a different pattern between
the taxonomic orders. The fish and amphibians
appear as only one of the main groups benefiting
from the Feliformia group. The primates only ap-
pear among as the main beneficiaries in the order
of their own primates. The Canniformes only ap-
pear in the Psittaciformes. Passerine birds were
among the first five groups of focal species, being
the most benefited of this order (Fig. 5).

The analysis of the diversity indices showed that
the Feliformia group has the higher rates of richness
and diversity of the orders benefited, followed by the
canids (Fig. 6). These two groups tend to be more in-
dicated as umbrella species, sheltering more groups
and having less dominance. On the other hand, Pri-
mates, Passeriformes and Psittaciformes were simi-
lar, and had lower values of richness and diversity.
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Fig. 5. Frequency of groups of benefited species by group of focal species in the Conservation Units in Brazil.
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Conservation Units in Brazil. Designations of the Hill num-
ber: 0 — total species richness; 1 — Shannon-Wiener index;
2 — Simpson dominance index; 3 — gini-Simpson index; 4 —
Tsallis index; and 5 — Renyi index.

Discussion

The increase in ecosystem degradation, exac-
erbated by agricultural and urban expansion, has
increased the number of threatened species of fau-
na and flora worldwide (Foley et al., 2005). In view
of this, the UCs are very important tools for the
continuity of the endangered species and degraded
ecosystems, besides the protection of traditional
people’s cultures (Lovejoy, 2006). Moreover, the
management plan is a fundamental instrument in
the establishment of norms for the use of these ar-
eas, as well as the actions and management to be
developed (Saleme & Costa, 2020).

The lack of a management plan can lead to
inefficiency of a UC, which is generally a ma-
jor concern for conservation units in Brazil, as
only 17% of UCs have a management plan. An-
other important issue is to make these manage-
ment plans easily available, mainly in the case
of Pampa (11% of management plans are avail-
able) and Marine (38% of management plans are
available) biomes. These management plans are
essential for the success of the UCs, according
to Laurance et al. (2012), only a half of tropical
PAs are efficient, which indicates that in Brazil
this percentage may be even lower. Therefore, it
1s necessary to pay more attention to these UCs,
and especially to the less represented biomes, so
that the management plans can be implemented
and made available to society in general.

Moreover, another important topic is the
updating of the management plans, since some
UCs do not update their management plans over
the time (Mattar et al., 2018). This updating is a
fundamental step, especially for the short-term
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objectives, modifying the goals and improv-
ing the UC effectiveness. Regarding the man-
agement plan updating, we observed that the
categories of sustainable use (such as Private
natural heritage reserves, PRNH) was highlight-
ed, presenting more up-to-date, different from
APAs and National Parks (PARNAs) that have
non-updated management plans, as is the case
of the Amazon National Park, whose available
management plan dates back to 1978. This dif-
ference in updating may be related to the sizes of
the UCs, since the most updated (RPPNs) tend to
have smaller areas, facilitating management and
consequently the dissemination of this data, but
there is a lack of data supporting that.

Regarding the specific objectives, the UCs
presented in most cases the ecological theme,
being related to the conservation of fauna, flo-
ra, and ecosystems. In relation to the biomes, it
can be observed that there is greater uniformity
of objectives, with a low difference in the eco-
logical objectives, in which the Amazon pres-
ents the second high frequency (median) among
the biomes, behind the Pantanal that has only
three UCs. A high number of ecological objec-
tives of the Amazon biome may be related to
its high biodiversity, in addition to the intense
fires, making its conservation a priority (Bow-
man et al., 2012; Davidson et al., 2012; Lapola
et al., 2014; Franco et al., 2019). Although the
number of ecological objectives was high, the
UCs located in Amazon have the lowest sam-
pling rates, resulting in a non-realistic dataset
(Oliveira et al., 2017). Therefore, biodiversity
inventories and analyses should be a priority for
this biome, and more financial and research in-
vestment is needed.

The specific objectives by UC categories
are more divergent than those by biome. This is
related to their classification between sustain-
able use and integral protection. Sustainable
use units, such as RESEXs, have a moderate/
lower frequency of ecological objectives, due to
the permission of sustainable exploration of re-
sources. On the other hand, RPPNs, APAs, and
ESECs (Ecological stations) show a high fre-
quency of social objectives since they present
environmental education programs and integra-
tion of the resident communities in the manage-
ment of the UCs. The economic objectives in-
clude FLONASs, which aim at the sustainable and
diversified use of forest resources. The integral
Protected Areas do not present food production
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and are important areas for preserving more vul-
nerable species and biological diversity; thus,
they present a high frequency of ecological ob-
jectives (Rylands & Brandon, 2005; Azpiroz et
al., 2012; Lima et al., 2020). Therefore, these
categories have different demands, which gen-
erate different objectives and a more restrictive
management of the objectives results in greater
biological diversity (Gray et al., 2016).

Globally, the PAs are 41% efficient in
retaining species richness and 51% in retaining
local diversity abundance (Gray et al., 2016).
According to Oliveira et al. (2017), in Brazil,
PAs protect a considerable part of biodiversity,
covering about half of the species and
phylogenetic endemism. In our study, we found
73 groups (taxonomic orders) to be the focus of
conservation, being mammals (12 orders) the
more common, especially Feliformia, Primates,
and Caniformia. According to ICMBio (2018a),
these three groups are among more threatened,
while the carnivorous order has one Endangered
species (EN) and 12 Vulnerable species (VU).
The primates have six Critically Endangered
(CR) species, 15 Endangered species, and 14
Vulnerable species. After mammals, birds are
the second group of endangered animals, mainly
of the orders Passeriformes and Psittaciformes
(ICMBio, 2018b). In this group, 12% of the
species are in some degree threatened with
extinction (VU, EN or CR). Due to this high
number of endangered species, it makes these
groups common as focus species of the UCs,
since one of the main objectives of the units
is the conservation of rare, endemic, and/or
threatened species (Mustin et al., 2017).

Also, the conservation of these focal species
benefits the conservation of several other groups,
such as Feliformia, which conservation benefits
several other species (e.g. birds, amphibians,
and fishes). Thus, this group can be considered
an important umbrella group, supporting a high
wealth and diversity of orders. The canids were
the fifth most present group in the management
plans, presented the second major richness and
diversity of orders benefits, becoming the sec-
ond most important as an umbrella, surpassing
primates and birds. These two focal groups, even
with different indices tend to have a similar com-
position of the benefited orders. The carnivores,
especially top predators and mesopredators, are
considered particularly vulnerable and sensitive
to deforestation and forest fragmentation (Vet-
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ter et al., 2011; Ripple et al., 2014), and there-
fore they are the most frequent focal species in
management plans. Also, they harbour a greater
richness and diversity because of their restricted
carnivorous diet and the need for large areas to
compose their life cycle, with diverse habitats
such as open and closed forests and aquatic en-
vironments (Ripple et al., 2014; Wang et al.,
2019). Due to this large area, carnivores are also
good candidates for umbrella species (Carroll et
al., 2001; Macdonald et al., 2015).

The pattern of focal species for conservation
in PAs was also reported by Roberge & Angel-
stam (2004), who identified that the main um-
brella species were mammals and birds, similar
to our results. However, even though mammals
are the main umbrellas, Caro (2003), when eval-
uating the potential of large mammals in East
Africa, reported that they are not efficient for ro-
dents and insects. Therefore, even if carnivorous
mammals have been considered good candidates
to be used as umbrella species, it is necessary to
have a wide overview of which groups need pro-
tection and why. It is essential to have more re-
search on and inventories of the Brazilian fauna
and flora, inside and outside the UCs.

Conclusions

In conclusion, we reported that 80% of UCs
in Brazil urgently need their management plans
updated and easily available in large database,
such as ICMBio platform. This action will fa-
cilitate both the management of the area as well
as future evaluations that can improve the con-
servation efficiency of the unit. This also applies
to conservation units that have very old manage-
ment plans. The lack of update makes it difficult
to assess a UC and identify which objectives
have been met or not. Regarding the objectives,
we observed that most of the UCs have an eco-
logical focus, and that these objectives change
according to the biomes and UC categories. This
is beneficial for the environment, since each bi-
ome has its own characteristics and consequently
specific problems. Regarding biological groups,
the Brazilian UCs follow the global pattern, with
mammals of the order Carnivora being one of the
main focus groups, and they harbour the great-
est diversity of species, thus being considered as
umbrella species. In addition, we observed that,
regardless of the UCs’ focus species, the birds of
the Passeriformes order are more protected. Still
on the use of umbrella species, it is necessary
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for future research to identify whether these um-
brella species are harbouring species at higher
risk of extinction. In addition, studies on effi-
ciency of UCs need also be conducted to assess
the eventual decrease/increase in biodiversity.
Finally, it is worth highlighting the importance
of expanding and/or creating new PAs, especial-
ly in poorly protected regions such as the Pampa
and Pantanal biomes, which have less than 5%
of their territory under PAs.
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IIJIAHBI YITPABJIEHUA OCOBO OXPAHAEMbBIMUA ITPUPOJHBIMU
TEPPUTOPUAMMU BPASUJINU OBHAPYXUBAIOT CXOACTBO
MEXKAY UX KOHKPETHBIMMU HEJISIMA U MUIEKOIIUTAIOIIIUMUA
KAK OCHOBHBIM OBBEKTOM OXPAHbI

C. 1. JI. Oaugeiipa''”, K. 7K. C. b. Kage*'”, B. C. barucra®

Dedepanvubiil yhusepcumem wmama Anazoac, bpazunus
e-mal: linsdiogoc@gmail.com, keyla200@gmail.com, vandick.batista@gmail.com

Oco60 oxpansemsie mpuponasie Tepputopun (OOIIT), Brirtowast mpupomooxpanusie equmaunsl (I1E), sBis-
IOTCSI OZTHOH M3 OCHOBHBIX CTpaTeTHWii COXpaHEeHUs! OMopazHooOpa3us Bo BceM Mupe. VX miaHbl yrpaBieHns
SIBIISTIOTCSI BXKHBIM MHCTPYMEHTOM JUISI HA/JISKAIIEro (JyHKIMOHWPOBAHUS ATHX TEPpPHUTOpHil. B 3TOM KOH-
TEKCTE HACTOSIIEe MCCIIEeOBAHNE aHAIN3UPYET Opa3sHiIbCKHE IUTAHBI YIIPABJICHUS, YTOOBI BBISIBUTD PA3IHUIMs
MEXIy UX IEISIMH M HUCCIIEI0BATh [IEJIeBbIe OMOIIOTHYECKHE TPYIIIBI I MX COXPaHEHHs. MBI ONpenesnin
2544 OOIIT B bpasunuu, U3 KOTOPHIX TOIbKO 496 MMEIOT MIaHbl ynpasieHud. OgHako TOAbKO 62% 3Tux
rutanoB yrpasieHus (307) ObIIIM MOTHOCTBIO AOCTYIHBI Ul O3HAKOMJIeHHs. Kareropust ¢ HaMMeHBIINM KO-
JIMYECTBOM IUTAHOB yTpaBieHus — 3To pedyruym auxor nmpupoxas! (Wildlife Refuge) (tomsko 5.95% OOIIT
MMEIN TOCTYIHbIE TUIaHbI YIPABJICHNUS ), a HAaMEHee TIPeICTaBICHHBIM OMOMOM C TOYKH 3PEHHUS KOJIMYECTBA
TUTAHOB yTIpaBieHUS siBisieTcst OnoM Kaarunra, Bkimrouaromuii 10.35% OOIIT ¢ manamu ynpasnenus. Cpean
kareropuii [1E BrImensercs yacTHEIN 3anoBeHUK pupoaHoro Hacienus (Private Natural Heritage Reserve),
HacuuteiBaronuit 85 [1E, nMeromux miaHsl ynpaBieHus. DTa KaTeropusi BXOAUT B YUCIIO HEJABHO CO3/IaHHBIX
I1E, a Takxe mpezcTasisieT HanOoiee 0OHOBICHHbIE MJIaHbI yIpaBieHus. He Obu10 00HApYXeHO pa3nnunii B
KOHKpPETHBIX Ieisax mo kareropusM [1E u mo 6momam mexay OOIIT ¢ mnanamu yrpasieHus. MiekonuTaro-
M€ W NTHIBI OBUIM OCHOBHBIMH 30HTHYHBIMH BUAAMH, 00€CIIEUNBAIOIINME YKPBITHE (OXpaHy) OOJIbIIOro
pa3HooOpasust BuoB. Takum 00pazoM, Mbl onpeaenuin, yto B bpasummn tonsko 20% IIE mmeror miaansl
ynpasnenus. Uro xacaercs I1E 0e3 akTyaJlbHBIX IJIAHOB YNIPABICHUS, JaXKe €CIM UX OCHOBHBIE IIETH HMEIOT
9KOJIOTHYECKYIO HANPaBJICHHOCTh W BKIIIOUAIOT MIICKOIMTAIOMINX B KAY€CTBE OCHOBHBIX OXPAHSAEMBIX BHIIOB,
KOTOpBIE B TII0O0ATBHOM MAacIITade AAl0T MOJI0KHUTEIBHBIC PE3YIIBTaThl B KAU€CTBE 30HTHYHBIX BHIOB, HEOOXO-
JVIMO TIEPHOINYECKH OOHOBIISITH IUTAHBI yIIPABICHHS.

Kirouessble cioBa: Felidae, 6nopasnooOpasne, 30HTHUHBIN BHJI, TPHUPOJOOXPAHHAS €ANHUIIA, yTIPaBICHHUE
0c000 OXpaHsIeMbIMU TIPUPOTHBIMHU TEPPUTOPUSIMH
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