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Abstract: The lack of implementation of well-designed public policies aimed at the conservation of natural
ecosystems has resulted, at a global level, in the decline of ecosystem functioning and, consequently, of the
contributions they make to people. The poor enforcement of important environmental legislation in Brazil - for
instance, the “Atlantic Forest Law” (Law n.11.428/2006) and the “Forest Code” (Law 1n.12.651/2012) - could
compromise the overall maintenance of ecosystems and the services they provide. To explore the implications
of different levels of federal laws’ enforcement within the Cantareira System Protected Area (PA) - a PA in
southeastern Brazil that provides fresh water for 47% of the Sao Paulo Metropolitan Area -, we developed a
conceptual framework to identify indirect and direct drives of biodiversity and ecosystem changes. We also
projected four land-use scenarios to 2050 to test the effects of deforestation control and forest restoration practices
on biodiversity and ecosystem services maintenance: the “business-as-usual” scenario (BAU), which assumes
that all trends in land-use cover changes observed in the past will continue in the future, and three alternative
exploratory scenarios considering the Atlantic Forest Law implementation, the partial implementation of the Forest
Code and the full implementation of the Forest Code. Using the land-use maps generated for each scenario, we
assessed the impacts of land-use changes on biodiversity conservation and soil retention. Our results revealed all
alternative scenarios could increase biodiversity conservation (by 7%; 12%; and 12%, respectively), reduce soil
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loss (by 24.70%; 34.70%; and 38.12%, respectively) and sediment exportation to water (by 27.47%; 55.06%;
and 59.28%, respectively), when compared to the BAU scenario. Our findings highlight the importance of
restoring and conserving native vegetation for the maintenance and improvement of biodiversity conservation
and for the provision of ecosystem services.

Keywords: Biodiversity, Ecosystem services, Scenarios, Modeling, Cantareira System Protected Area, GLOBIO,
InVEST.

Agentes de mudanca na biodiversidade e servicos ecossistémicos na APA Sistema
Cantareira: Uma analise prospectiva da implementacio de politicas publicas

Resumo: A falta de implementagao de politicas publicas voltadas para a conservagdo ambiental, tem resultado,
em nivel global, em impactos sobre a biodiversidade e o funcionamento dos ecossistemas e, consequentemente,
na contribui¢do da natureza para as pessoas. A aplica¢@o inadequada de importantes de leis ambientais no Brasil,
como por exemplo, a “Lei da Mata Atlantica” (Lei n® 11.428 / 2006) e o “Cddigo Florestal” (Lei n® 12.651 /
2012), podem comprometer a manutengdo dos ecossistemas e dos servigos que eles fornecem. Neste estudo,
nods desenvolvemos um mapa conceitual que busca identificar causas diretas e indiretas de mudancas — agentes
de mudanca — na biodiversidade e na provisdo de servigos ecossistémicos relacionados ao solo e a agua, na
Area de Protegio Ambiental (APA) Sistema Cantareira. A APA Sistema Cantareira, localizada no sudeste do
Brasil, fornece agua potavel para 47% da Regido Metropolitana de Sao Paulo. Além da abordagem conceitual,
nds projetamos quatro cenarios de mudanga no uso da terra para o ano de 2050, a fim de analisar o impacto
de diferentes niveis de aplicacdo de leis federais: o cenario “business-as-usual” (BAU), que pressupde que as
tendéncias na mudanga de uso da terra observadas no passado continuardo no futuro, e trés cenarios alternativos,
considerando a implementacdo da Lei da Mata Atlantica, a implementagdo parcial do Codigo Florestal e a
implementagao completa do Codigo Florestal. A partir dos mapas de uso da terra gerados, avaliamos os impactos
de cada cenario na conservagao da biodiversidade, na reteng@o de solos e na exportagdo de sedimentos para os
corpos d’agua. Nossos resultados mostraram que os trés cenarios alternativos podem aumentar a conservagio
da biodiversidade (em 7%; 12%; e 12%, respectivamente), reduzir a perda de solo (em 24,70%; 34,70%; e
38,12%, respectivamente) e reduzir a exportacdo de sedimentos para a agua (em 27,47 %; 55,06%; e 59,28%,
respectivamente), quando comparados ao cenario BAU. Este estudo destaca a importancia da restauracdo e
conservagdo da vegetacdo nativa para a manutengdo da biodiversidade e melhoria na provisdo de servigos
ecossistémicos relacionados ao solo e a 4gua, em uma regido estratégica para o abastecimento de agua no Brasil.
Palavras-chave: Biodiversidade, Servigos ecossistémicos, Modelagem, Area de Protecdo Ambiental Sistema
Cantareira, GLOBIO, InVEST.

Introduction

Human well-being depends directly and indirectly on nature, and
the complexity of these interactions is very difficult to map or measure.
Despite these difficulties, there is abundant evidence worldwide that
overall improvement in human well-being and economic development
have resulted in negative impacts on biodiversity and ecosystem
services (hereafter BES) (MEA 2005, IPBES 2018, 2019). According
to these estimates, human activities have modified about half of the
land and diverted half of the freshwater around the planet (MEA 2005,
McGill 2015), triggering severe negative consequences for terrestrial
and aquatic biodiversity and for their related ecosystem services, and
affecting the long-term provision, regulation and maintenance of water,
food, climate, soil and nutrient cycling. To reverse the consequences of
ecosystem degradation for BES, the Millennium Ecosystem Assessment
(MEA) was the first to compile, back in 2005, the scientific basis of
the conditions and trends in the world’s ecosystems and the services
they provide (such as clean water, food, forest products, flood control,
and natural resources); as well as the options to restore, conserve or
enhance their sustainable use. Reinforced by the information of other
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international assessments, such as the Intergovernmental Panel on
Climate Change (IPCC), it was clear that the science-policy interface
had to grow stronger to foster sustainable development. With that
purpose, the Intergovernmental Platform on Biodiversity and Ecosystem
Services (IPBES 2018) was established in 2012, aiming to assess and
update current knowledge, stimulate new advances and support policy
formulation and implementation (Diaz et al. 2015). Modeling the
influence of human-driven changes on BES is of vital importance in the
global context of the environmental crisis described above. Model-based
analysis can inform decision-making, by enabling the understanding
of the implications of different scenarios for biodiversity conservation
and ecosystem functioning (Pereira 2010).

Human activity is having a significant impact on water resources and
in some places it is actually constraining freshwater availability (Ceola
etal. 2015). Freshwater bodies (e.g. rivers, lakes and groundwater) are
subject to a wide variety of habitat transformation and degradation,
including hydrological manipulations (dams and reservoirs), pollution
by sewage waste, contamination by toxic substances and introduction
of exotic species, amongst others (Hoekstra & Wiedmann 2014, Martin-
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Ortega et al. 2015). Water provides key ecosystem services of all sorts
- support, regulation, provision or cultural services - with complex
inter-linkages with ecosystems functioning: it maintains terrestrial and
aquatic species and habitats, regulates micro and local climate, provides
drinking water for human consumption, but also for fish, agricultural
and industrial production, affecting different components of human
well-being (Grizzetti et al. 2016, IUFRO 2018). For these reasons,
the conservation of freshwater ecosystems and their biodiversity has
been receiving much attention in recent years and is now considered a
priority issue at the global level (MEA 2005, Hoestra & Wiedmann 2014,
Schiermeier 2014, IUFRO 2018, IPBES 2018). It is estimated that, at
the global level, we consume from 22 to 150% of the annual freshwater
supply (1,000 to 1,700 billion m*/year) (Hoekstra & Wiedmann 2014),
and official reports for the Americas revealed a declining water supply
per capita and unsustainable use of surface and groundwater (IPBES
2018). For instance, Brazil has abundant aboveground water (Pires
et al. 2019) and yet water shortage events are getting quite common,
especially within regions with a long history of land use conversion,
reduced vegetation cover and increased human population (Schiermeier
2014, IPBES 2018). That is precisely the situation for the state of Sdo
Paulo, southeastern Brazil, which has experienced severe water scarcity
episodes during the past few years (Loyola & Bini 2015).

The destruction and degradation of natural ecosystems is the major
cause of biodiversity loss on the planet (Haddad et al. 2015, McGill
2015, Newbold et al. 2015) and it is particularly threatening for the
tropical region, which supports over half of the world’s terrestrial
biodiversity (Malhi et al. 2014). Several studies showed that ecosystems
functions and services depend upon local biodiversity (Isbell et al.
2011, Cardinale et al. 2012, Tilman et al. 2014), highlighting the
direct and indirect benefits of biodiversity conservation to ecosystem
productivity, stability, invasibility and nutrient dynamics (Tilman et al.
2014, Isbell et al. 2017). It is also known that different types of land-
use change and land-use intensity have different effects on biodiversity
loss, from moderate negative impacts (i.e. little species loss) when
land is converted to tree plantations or secondary vegetation, to heavy
impacts, when converted to pasture, cropland or urban areas (Newbold
et al. 2015). The designation of Protected Areas (PAs) is currently the
main conservation strategy to preserve natural ecosystems and protect
biodiversity from land-use change, but despite the worldwide overall
increase in the percentage of PAs over the last decades, they still fail to
adequately address conservation needs in the Anthropocene and under
changing climatic conditions (Jenkins & Joppa 2009, Oliveira et al.
2017). For that reason, other complementary policies are essential to
foster the conservation and restoration of BES.

Until very recently, Brazil was setting an example for the rest of
the world with its commitments to achieve the sustainable development
goals (SDGs) through the reduction of deforestation rates, designation
of protected areas and implementation of environmental laws (Loyola
2014, Brancalion et al. 2016, Oliveira et al. 2017). Despite the numerous
recent decisions that oppose the global policies and commitments
previously ratified by Brazil (Loyola 2014, Vieira et al. 2017), there
remain in place a few key pieces of environmental legislation that aim
to protect and regulate native vegetation both within public and private
properties. For instance, the Atlantic Forest, a global hotspot (Myers
et al. 2000), is protected since 2006 by the Atlantic Forest Law (Law
n.11.428/2006) (Brasil 2006), which restricts deforestation to very
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specific situations under a strict licensing process. Another example
is the Native Vegetation Protection Law (Law n.12.651/2012) (Brasil
2012, Brancalion et al. 2016), popularly known as the Forest Code.
First created in 1934, the Forest Code has gone through changes and the
different versions have served varying purposes (Brancalion et al. 2016).
It is the main environmental legislation to regulate the maintenance
and restoration of native vegetation in private properties (Loyola 2014,
Brancalion et al. 2016, Vieira et al. 2017), which encompasses 53% of
the remaining native vegetation in Brazil (Soares-Filho et al. 2014) and
up to 70% of the Atlantic Forest according to recent estimates (Rezende
et al. 2018). The Forest Code specifies that every property, apart from
the productive areas (i.e. agriculture, silviculture or pasturelands),
has to set aside native vegetation in environmentally sensitive areas
for biodiversity, soil and water conservation, known as Permanent
Protection Areas (PPAs), and a portion of vegetation to ensure the
sustainable economic use and conservation of natural resources, known
as Legal Reserves (LRs). The PPAs are delimited based on predefined
specific rules for several situations such as water springs, rivers, ponds,
reservoirs, steep slopes and hilltops. The LRs are defined according
to the region in which a private property is located, with varying
proportions within different regions in Brazil: in the Amazon, LRs must
cover 80% of forest or 20-35% of savannas, while in other regions the
LRs must reach 20% of the property, including the PPAs (Brancalion et
al. 2016). Nonetheless, the constitutionality of the most recent version
ofthe Forest Code, published in 2012, has been increasingly challenged
by the agribusiness in recent years (Loyola 2014, Brancalion et al. 2016,
Metzger et al. 2019) and new initiatives have emerged to extinguish the
LRs obligation (Metzger et al. 2019). In this critical situation, policy
makers could benefit from the support of scientific evidence evaluating
the benefits of enforcing the environmental legislation (Loyola 2014,
Metzger et al. 2019).

How might different levels of compliance with the legislation affect
biodiversity and the provision of ecosystem services in the Cantareira
System Protected Area? To address this question, we used various methods
—developing a conceptual framework, scenarios and modeling biodiversity
and ecosystem services — to illustrate and emphasize key relationships
and feedbacks in the complex social-ecological system in our study area.
In particular, we investigated how different scenarios of implementation
of the Atlantic Forest Law (Law n.11.428/2006) and of the Forest Code
(Law 12.651/2012) could affect biodiversity and soil conservation in the
Cantareira System Protected Area, composed both of public and private
properties, and important for the provision of water for over 9 million people
who live in the metropolitan area of the city of Sdo Paulo. Apart from its
importance for the provision of water, the area is a biodiversity hotspot
(Myers et al. 2000). We expected that a higher level of implementation of
the Forest Code and the Atlantic Forest Law would have positive impacts
on biodiversity and soil conservation and the related provision of water.
In general, we aimed to provide a scientific basis for policy and decision-
makers who are responsible for the implementation of these laws.

Material and Methods

1. Methodological approach

The approach we developed had three steps: (1) the development of
a conceptual framework indicating the main pressures and components
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in the system, the relations between them, the current status of the
different components, and the delivery of some ecosystem services; (2)
the projection of different scenarios of land-use/land-cover (LULC),
based on the implementation of the Atlantic Forest Law and the partial
or full implementation of the Forest Code; and (3) the assessment of
biodiversity conservation and ecosystem services (soil loss and sediment
exportation to water bodies, as proxies for soil retention) - delivered
in each scenario.

2. Study area

The Cantareira System Protected Area (PA) located in southeastern
Brazil (hereafter ‘Cantareira System PA’), is a sustainable use protected
area (IUCN category VI) established by the Sao Paulo State Law
10.111/1998 (Estado de Sdo Paulo 1998). The Cantareira System PA
encompasses both public (13.2%) and private (86.8%) properties in
seven municipalities of Sdo Paulo. We also included in the analysis the
municipality of Bom Jesus dos Perdées, which is not within the Cantareira
System PA boundaries, but it is in the middle of that geographical range
(Figure 1). The Cantareira System PA was created mainly for water
security purposes, aiming to maintain and improve water quality in the
Cantareira Supply System - a large complex of reservoirs that provides
freshwater to the metropolitan area of Sdo Paulo city, with over 9
million people (IBGE 2014). The Cantareira System PA consists of four
sub-watersheds of the Piracicaba river (Jaguari, Jacarei, Cachoeira and
Atibainha) and one of the Alto Tieté river (Juqueri). It comprises five
reservoirs and a 2,300 km? catchment drainage area, with a total water
demand of 33 m?*s (Water National Agency 2019), providing 46 % of
the water supply for the metropolitan area of Sdo Paulo. According to the
Ko&ppen classification, the climate is Cwa - humid subtropical: mild and
dry winter, and moderately warm with a rainy summer. The Cantareira
System PA is located in the Atlantic Forest region, a biodiversity hotspot
that has only 26% ofits original vegetation cover remaining (Myers et al.
2000, Rezende et al. 2018). According to the latest assessment, our study
area has 35% forest cover, and 74% of this vegetation is secondary Atlantic
Forest in an intermediate stage of succession (Instituto Florestal 2010).

Figure 1. Study area located in the Atlantic Forest of the State of Sdo Paulo,
Brazil, including the Cantareira System PA and the municipality of Bom Jesus
dos Perddes.

3. Development of a conceptual framework

To develop a conceptual framework, we first identified the focal
BES elements to target within the study area given the current state
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of the system, related conjunctures regarding the implementation
of public policies, and data availability. Based on these criteria, we
selected soil retention together with biodiversity conservation as the
elements of most interest for our case study. Secondly, we applied the
Driver-Pressure-State-Impact-Response (DPSIR) causal framework
(Martins et al. 2012, Tscherning et al. 2012) to identify the various
components and dimensions of BES in our study case, including
the major driving forces and pressures affecting BES outputs, their
relationships, the state of the system at different scales, and the
potential impacts of the implementation of public policies. Third,
we used the IPBES Nature Futures Framework (NFF, sensu PBL
2018) to classify selected components of the Cantareira System PA
related to BES into three different dimensions reflecting how people
relate to nature: (i) nature for society, addressing the utilitarian
benefits of nature for people; (ii) nature for nature, addressing the
intrinsic value of nature functioning and diversity; and (iii) nature
for culture, addressing the spiritual and other non-material benefits
for people living in harmony with nature. Fourth, we added the direct
and indirect drivers and conceptualized how they are connected and
how their changes impact biodiversity and the provision of these
services. As a last step, we included the social-ecological feedbacks
in the system. Given the high complexity of the system and of our
conceptual model, we focused primarily on some key-components
that we believe are representative of the overall relationships
between people and nature within this system (public policies, forest
ecosystems, water and land-use).

4. Land-use change scenarios

We projected four land-use scenarios to test the effects of
deforestation control and forest restoration practices on BES
maintenance. We used land-use and cover maps from 1997 and
2017 (Mapbiomas v.4 2017) to analyze land-use cover changes
trends and project these to 2050. At one extreme, is the “business-
as-usual” scenario (BAU), which assumes that all trends of land-use
and cover change observed in the past 20 years will continue until
2050. Then, we built three alternative scenarios: (i) Atlantic Forest
Only (AFO) - considering only the implementation of the Atlantic
Forest Law, that is, no further deforestation on the current land-use
and cover map for 2017; (ii) Partial implementation of the Forest
Code (PFC): considering the Atlantic Forest Law implementation
and the restoration of Permanent Protected Areas; and (iii) Full
implementation of the Forest Code (FFC) - considering the Atlantic
Forest Law implementation, and the restoration of both Permanent
Protected Areas and Legal Reserves. We built the BAU and the
AFO scenarios using the Dinamica EGO software (Soares-Filho et
al. 2002). The difference between BAU and AFO scenarios is that
AFO assumes no deforestation from 2017 onwards. To build the
PFC and FFC scenarios we used AFO scenario as a baseline and
then we simulated native vegetation recovery in Permanent Protected
Areas (PPA) related to water bodies (riparian areas along rivers and
around springs, reservoirs, lakes and lagoons) and in Legal Reserves
(LR). The PPA were defined using a 1:50,000 scale hydrographic
network (IBGE - Brazilian Institute of Geography and Statistics,
topographic maps). For the perennial rivers, lakes and lagoons (with
surface smaller than 20 hectares), we used a buffer of 30 m; for the
springs, we used a buffer of 50 m; for the large reservoirs (surface
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larger than 20 hectares), a buffer of 100 meters; following what is
established by the Forest Code (Brasil 2012). For the LR areas, we
employed the map available in the Rural Environmental Registry
System (SICAR), which is based on the self-declaratory status of
rural properties done by the landowners (see details in Brancalion
et al. 2016), and therefore could have underestimated the extent of
these areas.

5. Assessment of biodiversity

To estimate the current biodiversity conservation value of the
areas and assess the impacts of LULC change on biodiversity, we used
the approach developed for the GLOBIO3 framework (Alkemade et
al. 2009). For this purpose, we considered the LULC categories and
the remaining mean species abundance values (MSA ) detailed in
Table 1. The MSA | | represents a measure of the species abundance
in the different LULCs relative to the pristine or primary vegetation
proposed by Alkemade et al. (2009). We attributed an MSA,  of 0.7 to
the forest remnants in the region, as these are mainly secondary forests
intensively exploited in the past, which have been regenerating over
many years, but remain different in structure and composition from
well preserved forests in the region (Instituto Florestal, 2010). Using
the same reasoning, restored forests may take longer than 30 years (our
time frame for this study) to have the same MSA as that of today’s
secondary forests; so, we defined an MSA of 0.5 for restored forests.
For all the other categories, we used the MSA, | values suggested by
Alkemade et al. (2009).

6. Assessment of ecosystem services

For the ES assessment, we compared the potential soil loss and
sediment exportation into streams among the scenarios. To calculate
the soil loss on a 30x30 m spatial resolution, we used the Sediment
Delivery Ratio (SDR) module from InVEST 3.7.0, which is a spatially
explicit model that calculates the average annual amount of soil loss
for each pixel. As a result, the SDR estimated the sediment yield into
streams and the annual loss of soils in tons. The SDR is based on the
Universal Soil Loss Equation (Wischmeier & Smith 1978).

A=R*K*LS*C*P M

In which: A4 is the average loss of soil per unit area (t ha'! year
"); R is the rainfall erosivity factor (MJ mm ha' h'! year'); K is
the soil erodibility factor (t h MJ!' mm™); LS is the topographic
factor (dimensionless); C is the soil use and management factor
(dimensionless) and P is the conservation dimension factor
(dimensionless). To calculate the LS-factor, we used a 30-m digital
elevation model (DEM) obtained from EMBRAPA - Brazilian
Agricultural Research Company/Satellite Monitoring. The R-factor
was obtained from Neto (1995). The K factor was estimated using
global data (Harmonized World Soil Database -HWSD — FAO 2012)
and values obtained from the literature (Saad et al. 2016, Mannigel
et al. 2002, Miteva et al. 2014) (Table 2). The soil types were
obtained from Rossi (2017). The C-factor was also estimated from
the literature, including studies in the same biome (Table 3) (Ruhof
et al. 2006, Machado et al. 2009, Silva et al. 2010, Barbosa 2012,
Gomez 2012, Silva et al. 2012, Thompson & Fidalgo 2013, Xavier et
al. 2013, Ribeiro 2015, Saad et al. 2016). The P-factor is related to the
conservation practices used in the region for each use and land cover
class, and since the region does not currently include conservation
practices, we attributed the value 1 to all land-uses.

Results

1. Conceptual framework

Based on our DPSIR and the Nature’s Future Frameworks we
developed the conceptual framework presented in Figure 2.

2. Land-use scenarios

Pastureland is the predominant land-use class in the Current
situation (48% of total area), but its extent tended to decrease under the
forest conservation (AFO) and restoration (PFC and FFC) scenarios,
reducing to 30.2% in the most optimistic simulation. Natural forests
were the second largest land-use type (35.4% of total area) and may

Table 1. Land-use / land-cover (LULC) categories and Mean Species Abundance values considered for modeling biodiversity in the different scenarios. Adapted

from Alkemade et al. (2009).

Mean Species

Land-use category Description Abundance per land-use
value (MSALU)
Natural forest Secondary patches of Atlantic Forest that are either remnants heavily exploited in the 0.7
past but never cleared, or second-growth forests
Atlantic Forest patches in different stages of secondary succession growing on former
Restored forest farmland as a result of active restoration or natural regeneration in areas set aside after 0.5
legal requirement
Agriculture Predominantly small-scale agriculture comprising several different crops 0.3
Silviculture Pure stands of Eucalyptus spp. or Corymbia spp. planted .for commercial exploitation in 0.2
areas originally covered by Atlantic Forest
Pasturcland Artificial grasslands maintained for livestock in areas originally covered by Atlantic 01
Forest
Urban area Areas built up in more than 80% of the surface 0.05

http://dx.doi.org/10.1590/1676-0611-BN-2019-0915

http://www.scielo.br/bn



Biota Neotrop., 20(suppl 1): €20190905, 2020

Dib, V. et al.

Table 2. Soil Types and K-Factor values considered for modeling soil loss and
sediment exportation to water in the different scenarios.

Soil Type K-Factor
Dystrophic red-yellow argisol 0.036
Dystrophic red-yellow latosol 0.015
Dystrophic yellow latosol 0.03
Eutrophic red-yellow argisol 0.03
Haplic Cambisol 0.03
Humic Cambisol 0.035
Melanic gleysol 0.026

Table 3. Land-use / land-cover categories and C-Factor values considered for
modeling soil loss and sediment exportation to water in the different scenarios.

LULC class C-Factor
Natural forest 0.0001
Pastureland 0.052
Restored forest 0.0001
Silviculture 0.0007
Urban area 0.0375
Agriculture 0.26

increase to 43.1%, under the scenario of Full implementation of the
Forest Code. These tendencies were accompanied by a decrease in
silviculture and an increase in forest restoration, as well as a slight
increase in agricultural areas (Table 4). The native forest of the
Cantareira System PA might be reduced from 35.4% (its current area)
to 34.5% (BAU scenario) by 2050 if the current trends continue (Table
4). Most of these trends are visually distinguishable on the land-use
maps presented in Figure 3 and Figure 4.

3. Consequences for BES

Overall native forest cover (natural forest remnants and restored
forests) increased consistently, and markedly, as we shifted from the BAU
scenario (34.5% of total area) to the scenario of Full Implementation of
the Forest Code (52.5% of total area) (Figure 5-A). The same pattern was
observed for Mean Species Abundance (MSA), that ranged from 0.29
(BAU) to 0.40 (FFC) (Figure 5-B). The potential soil loss decreased from
the Business as usual scenario (16.32 million tons/yr) to the scenario of
Full Implementation of the Forest Code (11.73 million tons/yr), as did
the amount of sediment exported into water bodies (1.98 to 1.00 million
tons/yr) (Figure 5 - C and D).

Our results suggested an MSA decrease under the BAU scenario
relative to the Current situation. On the other hand, the MSA increased
from 29% (BAU) to 35% (AFO) with the implementation of the
Atlantic Forest Law (AFO scenario) and to 40% with the partial

Figure 2. Application of DSPIR framework to the Cantareira System Protected Area, Sao Paulo, Brazil.

http://www.scielo.br/bn

http://dx.doi.org/10.1590/1676-0611-BN-2019-0915



Biota Neotrop., 20(suppl 1): €20190905, 2020 7

Drivers of change in biodiversity and ecosystem services in the Cantareira System Protected Area

Table 4. Land-use and land-cover (LULC) of the current situation (2017) and future scenarios (2050) in the Cantareira System Protected Area, Sao Paulo, Brazil.

LULC class 2017 (CUR) 2050 (BAU) 2050 (AFO) 2050 (PFC) 2050 (FFC)

(ha) (%) (ha) (%) (ha) (%)  (ha) (%) (ha) (%)
Natural forest 93,869 354 91,3 345 93,87 354 114,23 43.1 114,23 431
Pastureland 127,22 48.0 110,7 41.8 98,22 37.1 83,037 31.4 80,06 30.2
Restored forest 0 0.0 0 0.0 20,36 7.7 20,509 7.7 24,938 9.4
Silviculture 20,449 7.7 31,53 11.9 21,99 8.3 19,431 7.3 18,329 6.9
Urban area 10,501 4.0 16,43 6.2 16,03 6.1 14,291 5.4 14,188 5.4
Agriculture 5,759 2.2 8,592 32 8,146 3.1 7,684 2.9 7,446 2.8

Figure 3. Cantareira System PA maps representing Land Use and Land Cover in (A) the Current situation (Mapbiomas v.4 2017) and (B) the Business as
Usual scenario (projection for 2050).

Figure 4. Cantareira System PA maps representing Land-use and Land Cover alternative scenario projections for 2050: (A) AFO - Atlantic Forest Only; (B)
PFC - Partial Forest Code; and (C) FFC - Full Forest Code implementation (restoration of Permanent Protection Areas and Legal Reserves).
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Figure 5. Trends of change in forest cover, biodiversity and soil conservation
for the current situation and for future scenarios in the Cantareira System PA.
(A) Forest cover percentage (native and restored forests); (B) Mean Species
Abundance-MSA; (C) Potential soil loss; (D) Amount of sediment exported
to water bodies. CUR = Current situation; BAU = Business As Usual; AFO =
Atlantic Forest protection law Only; PFC = Partial Forest Code implementation
(restoration of Permanent Protection Areas); FFC = Full Forest Code
implementation (restoration of Permanent Protection Areas and Legal Reserves).

or full implementation of the Forest Code. We did not observe
marked differences in MSA when comparing PFC an FFC scenarios
(Figure 5-B). Considering the soil retention assessment, our results
showed a tendency of decrease in soil loss and increase in sediment
exportation to water, comparing BAU to the Current situation. Also, our
projections showed a decrease of soil loss in all alternative scenarios
in relation to the BAU (AFO: reduction of 24.70%; PFC: reduction of
34.70%; FFC: reduction of 38.12%). The results for sediment exported
into water bodies exhibited the same pattern. However, the reduction
was even more marked in the restored scenarios (AFO: reduction of
27.47%; PFC: reduction of 55.06%; FFC: reduction of 59.28%). This
suggested that the sediment retention service provided by the landscape
was more efficient under scenarios in which PPA and RL were restored.

Discussion

The development and the evaluation of possible scenarios
suggested that we can expect an overall increase of BES
under higher levels of compliance to Brazilian environmental
legislation, reinforcing their importance for accomplishing
Brazil’s national commitments to achieve the SDGs (Loyola
2014). Our study predicted that forest cover will increase up
to 48% when comparing the Business as usual (BAU) with the
most optimistic scenario (FFC), with a resulting improvement in
values of Mean Species Abundance and the reduction in potential
soil loss and exportation of sediments into streams, with likely
positive impacts on water quality.

Based on the DPSIR framework, our conceptual model
included, in a broad way, the current trends of the economic
system and human population growth as the main indirect
drivers affecting large-scale water quantity and quality, as

http://www.scielo.br/bn

well as the maintenance of biodiversity within our study area.
According to this perspective, these indirect drivers influence
the dynamics of other more direct drivers such as the demand
for this resource (total and per capita) by the inhabitants both
within the Cantareira System Protected Area and in the city
of Sao Paulo. In the same direction, it is likely that a greater
proportion of the native vegetation within our study area will
be susceptible to conversion to other uses, such as urban,
agricultural or silvopastoral, affecting both LULC proportions
and soil management. Considering that, in recent years, trends in
precipitation and temperature have shown significant anomalies
(Nobre et al. 2016), climate change is likely to be another factor
of great importance in the Cantareira System PA. All these
factors, both direct and indirect, were established as the main
potential drivers of change in the state of nature, encompassing
different dimensions of our interest: the availability of good
quality water for human consumption, agricultural and industrial
use (nature for society dimension); the maintenance of stable
hydrological cycles and healthy freshwater ecosystems (nature
for nature dimension); and the recreation, education, leisure, and
religious associated aspects (nature for culture dimension). In
parallel, these drivers are also seen as the main causes of loss of
biodiversity in our study area, affecting both the abundance of
species of different taxa, and the services that emerge from them
in all the dimensions (Nature for Society, for Nature, and for
Culture). We identified the Forest Code and the Atlantic Forest
Law as external factors (i.e., public policies) whose application
in the near future can play an important role in regulating direct
and indirect drivers of change, and helping to conserve the
system, through their influence on the maintenance of native
vegetation cover.

Apart from the restoration outputs resulting from the partial
or full implementation of the Forest Code, our results also
highlighted the potential contribution of natural regeneration
within our study region, revealed by the increased percentage
of natural forest cover in all scenarios except for the BAU.
Studies evaluating the potential of tropical secondary forests
state that international conservation and restoration commitments
depend on the regeneration of forests on abandoned areas
(Brancalion et al. 2019, Crouzeilles et al. 2019). Despite the
limited habitat quality and provision of ecosystem services, there
is consistent evidence demonstrating the value of secondary
forests (Rozendaal et al. 2019). Putting together all types of
forests, even the Business as Usual scenario shows a small
increase compared to the Current situation, in that case, related
to an increase in silviculture. The more optimistic scenarios
showed an overall large increase in forested area, characterized
by a slight decrease in silviculture outweighed by significant
increases in restored areas necessary to comply with the Forest
Code and also by significant increases in natural forest remnants
regenerating outside of the areas required to be restored by
the Forest Code, probably resulting from the abandonment of
marginal agricultural areas of low productivity.

The land that needs to be restored within the Cantareira
System Protected Area corresponds to 20,509 ha of riparian
forests and 4,429 ha outside of riparian forests; a total of
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24,938 ha currently being used irregularly for the production
of livestock, crops and wood. Besides the irregular aspect of
this current land-use, it also negatively affects the price of the
land (which is lower when a landowner does not comply with
the law), threatens biodiversity conservation, and compromises
the provision of ecosystem services, including water to a large
human population. The average cost of forest restoration in the
Atlantic Forest ranges from R$ 0.2 to 21.3 thousand Brazilian
reais per hectare (Benini & Adeodato, 2017, Tymus et al. 2018),
depending on the conditions of the site and the characteristics of
the landscape. Considering that the area has a large natural forest
cover, it may have an overall high natural regeneration potential.
For this reason, it is reasonable to assume that the average cost for
restoring a hectare is around R$ 10k, summing to nearly R$ 250
million Brazilian reais. There are recent developments towards
cost-effective restoration of the Legal Reserves in degraded areas
of the Atlantic Forest that provide financial return to offset at
least part of the costs of converting degraded lands back into
natural forests (Amazonas et al. 2018a, Brancalion et al. 2019). In
protected areas important to water production such as our study
site, these mixed forests could be even used as an alternative to
traditional silviculture since they result in less drying of soils
(Amazonas et al. 2018b).

We observed a small decrease in native forest cover in the
BAU scenario, compared to the Current situation, coupled with
some conversion of pastureland into silviculture. Therefore, the
resulting overall forest cover increase was predominantly due
to silviculture expansion, and it resulted in soil loss reduction.
Despite that, the amount of sediment exported into water bodies
was greater in the BAU scenario, which may be explained by a
loss of riparian vegetation. When we compared the BAU with
the more optimistic scenarios of increasingly higher forest
cover, we observed an increase in sediment retention coupled
with higher forest cover. Moreover, in the scenarios in which the
riparian forests are restored, the sediment retention ecosystem
service is further improved since less sediment is exported to
the water. The scenario of Partial implementation of the Forest
Code, for example, where riparian forests are restored, soil
loss is reduced in 34% and sediment exportation is reduced in
55%. The major sources of sediment pollution in the Cantareira
System PA are the pasturelands and croplands (Richards et
al. 2017), especially in those areas with insufficient or absent
sustainable management practices. Forest conservation and
restoration can substantially reduce erosion effects (Zaimes
et al. 2008). Also, it is expected that this vegetation reduces
siltation and pollution, by trapping a large fraction of the soil
particles and runoff originating from arable land (Dosskey et al.
2010, Zhang et al. 2010). These benefits reduce costs associated
with water treatment and dredging.

The higher soil retention and lower sediment exportation
to streams in the optimistic scenarios compared to the Current
situation and to the BAU scenario were probably related to the
capacity of forests to counteract the detrimental effects of soil
erosion downslope of the areas of sediment production as well

http://dx.doi.org/10.1590/1676-0611-BN-2019-0915

as to act as a buffer to water bodies, protecting against stream
bank erosion (McKergow et al., 2003; Zaimes et al., 2008;
Zaimes and Schultz, 2015) and against pollution. Furthermore,
the Atlantic Forest areas always maintain litterfall over the soil
and the Leaf Area Index is constant, which means that the soil is
covered during the entire year. The higher the Leaf Area Index,
the greater the interception of water by leaves, preventing further
increases in runoff and preventing soil detachment by raindrop
impact. Another important point is that forested areas generally
have larger water infiltration rate than cropped areas due soil
compaction and surface crust formation as a result of heavy
machinery use in cropland and the lack of sustainable practices
for soil management (Gomes et al. 2019). These results thus
strongly suggest that the full implementation of the Forest Code
could improve water quality and availability in the Cantareira
System Protected Area.

Reaching a future in which the land-use in the Cantareira
System Protected Area resembles our most optimistic scenario
requires efforts and resources, including setting aside areas and
restoring native vegetation, to promote the land-use changes
necessary to comply with the Forest Code. Investing in the
implementation of the Forest Code may translate in avoided costs
of water treatment and dredging. Also, these changes are likely to
result in significant biodiversity gains (MSA increase). Moreover,
the value of land may increase once landowners comply with
the Forest Code (Pires et al. 2019). By modeling the impacts of
land-use change in each scenario on biodiversity and ecosystem
services provision, our aim was to inform relevant stakeholders
about the consequences of an incomplete implementation of the
land-use changes necessary to comply with the Forest Code.
We hope this information convinces and mobilizes society for
the implementation of land-use changes that clearly improve
biodiversity conservation, the functioning of ecosystems and the
related provisioning of ecosystem services important for human
well-being. Our results emphasize the urgent need to implement/
enforce the two major regulating instruments in the Atlantic
Forest biome: the Forest Code and the Atlantic Forest Law.
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