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a b s t r a c t

The assessment of nature's contribution to people (NCP) is an important strategy for
decision-making given the increasing need to reconcile biodiversity and human society
with conservation. A monetary and a non-monetary approaches were combined to eval-
uate the pollination services provided by two Brazilian protected areas (PAs) in northern
(Serra da Bocaina, Par�a) and southeastern region (Mata do Jambreiro, Minas Gerais) within
the Amazon forest and Atlantic forest biomes, respectively. The monetary valuation
methodology was based on the role of pollination for crop production in the municipalities
surrounding the PAs, and the non-monetary involved estimating the areas with wider
range of resources for sustaining pollinators. In Serra da Bocaina, the total annual mone-
tary value of the pollination services performed by bee species was estimated at
approximately 564,000 dollars and in Mata do Jambreiro, 246,000 dollars, both for 2016.
The non-monetary valuation highlighted the PAs and their surrounding areas with denser
plant coverage. The methods used in this study allowed us to evaluate and integrate
different types of information: bee diversity data, the spatial data of the PAs and their
surroundings, and the economic value of the agricultural production of the neighbouring
municipalities. The results can be applied in management and sustainability studies
aiming to increase awareness about the importance of PAs and their value and importance
for agricultural production. This study demonstrates where efforts can be concentrated for
future proposals for valuating pollination services and conservation strategies, especially
in areas where data are scarce.
© 2019 The Authors. Published by Elsevier B.V. This is an open access article under the CC

BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Ecosystem services were originally defined as the benefits that mankind derives, either directly or indirectly, from
ecosystem functions (Constanza et al., 1997, 2014; Daily, 1997), and they were first discussed in detail in the pioneering work
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of the Millennium Ecosystem Assessment (2005). The concept of nature's contribution to people (NCP) (Díaz et al., 2018) has
emerged as a key element of the conceptual framework of the Intergovernmental Science-Policy Platform on Biodiversity and
Ecosystem Services (IPBES) (Díaz et al., 2015). NCPs are composed of a set of all of nature's contributions to humanwellbeing,
and they are based on the ecosystem services concept (IPBES, 2017; Díaz et al., 2018). Thus, initiatives that protect biodiversity
can guarantee human well-being and natural resource sustainability (Bennett et al., 2015; Watson et al., 2018).

NCPs can be assessed by quantifying the benefits provided by ecosystems (Roubik, 2002; Ricketts et al., 2004, Millennium
Ecosystem Assessment, 2005; Gallai and Vaissi�ere, 2009) as an incentive for the preservation of such services (Abson and
Termansen, 2010) and ecosystems (Daily et al., 2000). NCP value assessments assist in the decision-making process and
are particularly useful in stressing the importance of the sustainable use of resources provided by biodiversity because they
clarify the costs and benefits of different land uses (Pascual et al., 2017). However, despite the importance of such valuation of
services, the number of studies applying this approach into the decision-making processes is still low (Breeze et al., 2016), and
even fewer have considered the valuation of service at a local scale or in areas where data are scarce or of low quality (Pandeya
et al., 2016). Therefore, combining monetary and non-monetary valuation methodologies can be an interesting strategy for
covering multiple factors present in complex real world situations, including services that can be evaluated in terms of
monetary values for society and others that cannot be so easily translated into such values (Small et al., 2017).

Pollination is the most studied NCP worldwide (Breeze et al., 2016) because most flowering plants (approximately 78%)
depend on pollinators for their reproduction and survival (Ollerton et al., 2011). In crop environments, the presence of
pollinators increases production (Klein et al., 2007), which directly affects the food security of human populations (Potts et al.,
2016; Garibaldi et al., 2016). Due to their importance in agricultural production, pollination services have been valued using a
variety of methods (Gallai and Vaissi�ere, 2009; Breeze et al., 2016), both in global (Klein et al., 2007, 2018; Lautenbach et al.,
2012) and regional contexts (Losey and Vaughan, 2006; Breeze et al., 2011; Calderone, 2012; Giannini et al., 2015a). Polli-
nation services depend on the landscape and other local factors, such as crop management or property size. The proximity
and diversity of preserved natural areas relative to the agricultural fields have also been considered as important factors to
ensure the presence of pollinators and, consequently, crop production (Carvalheiro et al., 2010; Wratten et al., 2012; Kennedy
et al., 2013; Garibaldi et al., 2017; Hip�olito et al., 2018).

Regulations for protected areas (PAs) in Brazil were enacted in 2000 with the objective of promoting and encouraging the
recognition of areas as special spaces for themaintenance of the natural environment, biodiversity conservation, preservation
of genetic heritage and protection of natural ecosystems (SNUC, 2000). The benefits offered by such PAs extend to their
surroundings and exceed those resulting from biodiversity conservation, such as the conservation of wildlife and water re-
sources and protection of historic and cultural sites, and air and water quality, all of which are essential to sustain life quality
for the local human population (SNUC, 2000). The benefits obtained from more ecologically friendly landscapes extend
beyond financial factors, including multiple economic and socio-environmental dimensions (Hip�olito et al., 2016; Small et al.,
2017). Thus, the assessment of pollination services in agricultural areas next to PAs is an additional tool for supporting the
management and conservation decisions in these areas.

The objective of this study is to assess the value of the pollination services provided by two Brazilian Protected Areas (PAs).
We addressed the monetary and non-monetary values based respectively in crop pollination and on spatial analyses of the
vicinities of both PAs. PAs are located in the northern and southeastern regions of Brazil: the Serra da Bocaina, in the Campos
Ferruginosos National Park (Amazon Forest biome, state of Par�a, northern Brazil) and the Mata do Jambreiro Natural Heritage
Private Reserve (Atlantic Forest biome, state of Minas Gerais, southeastern Brazil). The study presents methods at the local
scale and is an additional tool for supporting decisions involving the management and conservation of PAs, thus increasing
their conservation value by considering the NCPs they provide, as well as their surrounding landscapes.
2. Materials and methods

2.1. Study areas

The study areas correspond to two Protected Areas in Brazil. The first one is the Serra da Bocaina a plateau within the
Campos Ferruginosos National Park (CFNP) (ICMBIO, 2017) in the municipality of Cana~a dos Caraj�as (Par�a, Brazil) (Fig. 1A). The
CFNP is a protected area recently created (ICMBIO, 2017) containing two plateaus: Serra da Bocaina and Serra doTarzan, in the
vicinities of the Serra do Rabo which is located to the west of Serra da Bocaina. Serra da Bocaina is located in the Amazon
Forest biome, and consists of tropical forest and rocky outcrops covered by savannah vegetation. The area of Serra da Bocaina
has approximately 183,000 ha, an average altitude of 600m and a tropical climate. Agricultural activity is intense in the
surroundings, resulting in greater soil desiccation, prevalence of pioneer plant species and early successional stages, and fires
during the dry season (Souza-Filho et al., 2016).

The Natural Heritage Private Reserve Mata do Jambreiro is located in the municipality of Nova Lima (Minas Gerais, Brazil)
(Fig. 1B), and consists of a tropical forest (Atlantic Forest) in transition to high-altitude savannah vegetation, with a moun-
tainous relief typical of the Serra da Calçada mountain range. The average altitude is 900m. It has approximately 56,000 ha
and a humid subtropical climate. This PA was created in 1998 and is one of the most important green areas of the Belo
Horizonte (state capital, with high population density) metropolitan area because it is located only 14 km from the city centre.
Thus, the surroundings of this area are characterized by strong urban pressure.



Fig. 1. Location of the two Brazilian Protected Areas. A) Serra da Bocaina (Cana~a dos Caraj�as) and B) Mata do Jambreiro (Nova Lima) and their surrounding areas.
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Although both areas are associated with tropic forest, there are differences between the history of land use in their
surroundings as above mentioned, which makes the study particularly interesting as it intends to discuss the pollination
services delivered by the PAs.

2.2. Monetary valuation

Valuation of the pollination services provided by the bees around each of the PAs was based on the area of maximum
foraging distance (MFD) (Greenleaf et al., 2007) of the bees listed for each PA (data can be find in the Supplementary In-
formation A). The MFD was estimated from bee�s intertegular distance (ITD), a measurement often used to estimate bee body
size (Greenleaf et al., 2007), obtained with a stereomicroscope from three specimens of each species. The conversion of ITD to
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MFDwas carried out using the BeeIT (Cariveau et al., 2016) package for R (The R Project for Statistical Computing). The ITD and
MFD values were used to define three classes of bee body size: “small”, defined as an ITD between 0.6 and 2mm (MFD
between 0.1 and 1 km); “medium”, ITD between 2.1 and 4mm (MFD between 1.1 and 4 km); and “large”, ITD between 4.1 and
8.7mm (MFD between 4.1 and 26 km). These classes were used to determine three buffers around each of the 2 PA at 1 km
(relative to the MFD of the small bees), 4 km (MFD of the medium-sized bees) and 26 km (MFD of the large bees) from the
perimeter of each area (Fig. 1A and B).

The total agricultural area per hectare of each municipality was obtained from the 2014 land use and land cover map
published by the Brazilian Institute of Geography and Statistics (IBGE, 2016) that is based on theModerate Resolution Imaging
Spectroradiometer (MODIS - modis.gsfc.nasa.gov/data/). The original resolution of MODIS (250m) was maintained. The
percentages of the agricultural areas of each municipality covered by each of the three buffers were used to estimate the
percentage of production that could benefit from pollination based on the three classes of bee body size defined above.

The total production value of each crop in each of the analysed municipalities was compiled from the IBGE for the year
2016 (Supplementary Information B). The degree of dependence of each crop on animal pollination was based on previous
work conducted for Brazil (Giannini et al., 2015a) and specifically for açaí berry (Campbell et al., 2018). Four classes of crop
dependence to animal pollination were defined following Klein et al. (2007): essential, high, modest, and little. These classes
were used to estimate the value of the pollination services for each crop following the procedure suggested by Gallai and
Vaissi�ere (2009), which associate the dependence classes to dependence rates (DRs) as follows: essential, DR¼ 0.95 (in-
dicates that the production value mediated by pollination is between 100% and 90%); high, DR¼ 0.65 (40e90%); modest,
DR¼ 0.25 (10e40%); and little, DR¼ 0.05 (1e10%). This rate was multiplied by the economic value of the annual crop pro-
duction for each crop in each municipality to estimate the economic value of the pollination service (Gallai and Vaissi�ere,
2009). The final value of pollination service was calculated considering the percentage of agricultural area of the sur-
roundingmunicipalities within each of the three buffers to establish the contribution of small, medium and large bees for this
service considering their different MFDs.

2.3. Non-monetary valuation

The non-monetary valuation of the pollination services of the study areas was carried out with the InVEST software
program (Integrated Valuation of Environmental Services and Tradeoffs - available on naturalcapitalproject.stanford.edu/
invest/) version 3.7.0 (Hamel et al., 2015) using the “Pollination” module, which incorporates geographically oriented mea-
surements in the analyses based on the landscape (Daily et al., 2009). This method is useful for identifying and measuring
attributes associatedwith locally provided services, which aremore efficient for conservation andmanagement since they are
specific to the scale of the analysis (Raymond et al., 2009). Because ecosystem services are geographically variable (Brooks
et al., 2014), such an approach is most useful at multiple scales (Soberon and Sarukhan, 2009). The use of InVEST software
is also justified by the fact that it is developed by frontier institutions dedicated to environmental analyses and because it is
inserted into the Natural Capital project context (Daily et al., 2011).

Data required by InVEST pollinator module are (i) land use and land cover maps (IBGE, 2016), including the availability of
nesting and floral resource for each use class (Supplementary Information C); (ii) list of bee species reported for both area
(Serra da Bocaina andMata do Jambreiro) (Supplementary Information A), whichwas based on data from an internal database
and from public biodiversity data providers, such as speciesLink (a Brazilian repository of biodiversity data) and the Global
Biodiversity Information Facility (GBIF); data from two Brazilian entomological collections that hold bees from both areas and
are not available online were also included: the collection at Museu Paraense Emílio Goeldi (MPEG) and the collection at
Federal University of Minas Gerais (UFMG); (iii) nesting sites, foraging activity seasonality, and relative abundance of each bee
species were based on literature review and field observations (Supplementary Information A); and (iv) MFD (in metres)
estimated from the ITD (Greenleaf et al., 2007) according to Cariveau et al. (2016) as described above.

Among themain results obtained using InVEST, four models are produced representing the potential availability of nesting
sites (soil and cavities) and flowers available as food resources (during spring and during summer) in each landscape cell. A
consensus map was than constructed for each PA and their surrounding areas, in which the four models were summed. The
final model was associated with the municipalities and the buffers as described above for each PA to identify areas that could
potentially provide higher availability of resources to the bees.

3. Results

For the Serra da Bocaina, a total of 73 bee species were obtained: 27 in the small body size class (MFD up to 1 km), 27 in the
medium body size class (MFD up to 4 km) and 19 in the large body size class (MFD up to 26 km) (Supplementary Information
A). For the Mata do Jambreiro, a total of 60 species of bees were obtained, with 21 small, 17 medium and 22 large bees
(Supplementary Information A).

Considering the requirements for monetary valuation, the Serra da Bocaina and surrounding area (based on the three
proposed buffers) contains four municipalities that produce 17 agricultural crops, which are distributed as follows based on
their dependence on pollination services: two crops (passion fruit, watermelon) are essentially dependent on animal
pollination; two crops (açaí and tomato) are highly dependent on animal pollination; three crops (coffee, coconut and
soybean) are modestly dependent; two (beans, papaya) are little dependent on animal pollination; and eight crops do not

https://modis.gsfc.nasa.gov/data/
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depend on animal pollinators (Table 1; Supplementary Information B). Considering the presence of agricultural areas within
the three analysed buffers, the value of pollination service provided by small, medium and large bees is equivalent to
approximately 2,800 dollars (buffer 1 km),18,500 dollars (buffer 4 km) and 564,500 dollars (buffer 26 km), respectively (Table
2). The only municipality that received potential benefits from all three bee size classes is Cana~a dos Caraj�as; however, the
municipality with the highest total value of pollination services is Parauapebas (Table 2).

For Mata do Jambreiro, the surrounding area included 19municipalities, 15 of these had agricultural production associated
and 16 crops were produced in the analysed year (2016) (Table 1; Supplementary Information B). Regarding their degree of
dependence on pollination services, three of these crops (avocado, guava, tomato) are highly dependent; two (orange, coffee)
are modestly dependent; three (beans, lemon, tangerine) are little dependent; and eight are not dependent. Considering the
presence of areas with agricultural production within the three buffers analysed, the pollination services value of small,
medium and large bees was zero (buffer 1 km); 158.6 dollars (buffer 4 km), and 246,000 dollars, respectively (Table 2). None
of the municipalities evaluated benefitted from pollination services by all three bee size classes, and only one (Sabar�a)
received potential benefits from bees in the 4 km buffer. The municipality with the highest total value of pollination services
was Sarzedo (Table 2).

Regarding the non-monetary valuation (Fig. 2), a greater potential availability of nesting and food resources is associated
with areas with higher vegetation coverage, indicating a greater availability of pollination services. For the Serra da Bocaina
(Fig. 2A), a large adjacent area with significant vegetation cover is observed fromwest to north, and it corresponds to another
PA, the Caraj�as National Forest. Themunicipalities that potentially havemore resources for bee species and potentially greater
availability of pollination services are Cana~a dos Caraj�as, considering all the three buffers, and Parauapebas, which has a larger
area within the 26 km buffer available for large-size bees (Table 3). For Mata do Jambreiro (Fig. 2B), most areas with a greater
concentration of resources for bees are located outside the metropolitan area of Belo Horizonte; the municipality of Nova
Lima presents the largest area available for the three bee size classes, especially for larger-size bees (Table 3). The munici-
palities of Caet�e, Rio Acima and Santa Luiza are also noteworthy as areas with resource availability for larger bees.
4. Discussion

Two valuation methodologies were used here to assess the delivery of pollination services by two PAs in Brazil: an eco-
nomic methodology based on monetary market values and a non-monetary ecological valuation based on spatial data. The
values of pollination services obtained for the studied year were higher for Serra da Bocaina than for Mata do Jambreiro and
higher for longer bee's foraging distances, which correspond to the services performed by larger body size bees. Munici-
palities with denser vegetation cover around the PAs were those that presented greater potential amount of resources for the
bees and therefore can potentially deliver more pollination services.

The difference found between the pollination service values provided by the two PAs is related to certain characteristics of
each region. First, different crops are found in the areas surrounding each of the PAs, and these crops present varying levels of
dependence on animal pollination, which translates into different service values. For example, surrounding Mata do Jam-
breiro, none of the listed crops has an essential dependence on pollinators. In addition, crops present different production
volumes, which directly affects the final estimated value of pollination services. The PAs also show important differences in
the geographical characteristics of their surroundings, which affect agricultural development and directly influence the
service values. The Serra da Bocaina is surrounded by a more higher number of agricultural fields, especially in its eastern
portion, whereasMata do Jambreiro has a different occupation history of its environment. In addition to the rugged relief that
hinders agricultural practices on this last PA, considerable urbanization pressure is present in the surrounding areas. This
Table 1
Agricultural crops that depends on pollinators and are produced in each municipality of the analysed areas (IBGE, 2016). Their degree of dependence on
animal pollination are based on Giannini et al. (2015) and Campbell et al. (2018).

Crop Dependence Municipalities

Açai high �Agua Azul do Norte, Curion�opolis, Parauapebas
Avocado high Brumadinho, Pedro Leopoldo, Sarzedo
Bean little �Agua Azul do norte, Cana~a dos Caraj�as, Parauapebas, Bar~ao de Cocais, Betim, Brumadinho, Caet�e, Ibirit�e, Itabirito, Ribeir~ao das

Neves, Sabar�a, Santa B�arbara, Santa Luzia, Sarzedo, Vespasiano
Cocoa essential Parauapebas
coconut modest Curion�opolis, Parauapebas
Coffee modest Parauapebas, Caet�e, Santa B�arbara
Guava high Betim, Rio Acima
Lemon little Brumadinho, Caet�e, Betim
Orange modest Brumadinho, Itabirito
Papaya little Parauapebas
Passionfruit essential Cana~a dos Caraj�as, Curion�opolis, Parauapebas
Soy modest Parauapebas
Tangerine little Betim, Caet�e, Brumadinho, Itabirito
Tomato high Parauapebas, Betim, Sarzedo, Brumadinho, Pedro Leopoldo, Caet�e, Ibirit�e, Sabar�a
Watermelon essential �Agua Azul do norte, Cana~a dos Caraj�as, Parauapebas



Table 2
Economic value of annual pollination services (PS) in each municipality analysed relative to bee body size based on the intertegular distance (ITD) and
maximum foraging distance (MFD).

PS (USD)

MFD 0.1e1 km ITD 0.6e2mm MFD 1.1e4 km ITD 2.1e4mm MFD 4.1e26 km ITD 4.1e8.7mm

Bocaina
�Agua Azul do Norte e e 2616.08
Cana~a dos Caraj�as 2886.17 12,301.10 60,886.17
Curion�opolis e 761.92 40,436.45
Parauapebas e 5477.80 460,526.36
TOTAL 2886.17 18,540.82 564,465.06

Jambreiro
Bar~ao de Cocais e e 10.21
Belo Horizonte e e e

Betim e e 2264.02
Brumadinho e e 70,661.41
Caet�e e e 28,880.02
Contagem e e e

Ibirit�e e e 15,026.32
Itabirito e e 8559.16
M�ario Campos e e e

Nova Lima e e e

Pedro Leopoldo e e 381.55
Raposos e e e

Ribeir~ao das Neves e e 194.02
Rio Acima e e 3078.95
Sabar�a e 158.58 13,538.27
Santa B�arbara e e 27.96
Santa Luzia e e 3673.84
Sarzedo e e 99,691.15
Vespasiano e e 51.78
TOTAL - 158.58 246,038.67
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region also has a history of occupation associated with mining and is adjacent to two other PAs, namely Serra do Curral Park
andMangabeiras Park. Thus, agricultural production is lower in Mata do Jambreiro than that recorded for the surroundings of
Serra da Bocaina, also directly influencing the pollination services value. It is also important to note that certain regional crops
that may be crucial to the local economy are not surveyed by the IBGE, thus leading to an undervaluation of the total
contribution of pollinators in the agricultural production of those municipalities. This lack of information is more noteworthy
for municipalities in northern Brazil. It must also be noted that the monetary value of pollination calculated in this study is
based only on agricultural crop production; however, the value could be even higher if other by-products relevant to agri-
cultural areas are considered, such as increased biological control services, reduced soil erosion, increased nutrient cycling,
and increased property value (Wratten et al., 2012). Moreover, determining the dependence of crops for animal pollination is
not an easy task, since it demands time-consuming experimental fieldwork (e.g. Klatt et al., 2014; Campbell et al., 2018) and
values can vary between crops and varieties (Klein et al., 2007; Breeze et al., 2016). This is an open field of study and more
details are urgently needed to address valuation of crop-pollination services (Breeze et al., 2016), mainly on geographically-
large tropical areas with high biodiversity and scarce data such as Brazil.

The importance of large-bodied bees that are capable of flying greater distances, reaching a higher number of areas and
contributing more to pollination was also evidenced by our results. Of the 34 identified species capable of foraging at dis-
tances greater than 4 km, 26 (76.5%) belonged to four genera (Bombus, Centris, Eulaema and Xylocopa), and three of these
genera represent predominantly solitary bees, excepting Bombus that presents social behaviour. Previous work has shown
that 1/5 of the Brazilian agricultural crops are predominantly pollinated by three genera of bees: bumblebees (Bombus spp.),
oil-collecting bees (Centris spp.) and carpenter bees (Xylocopa spp.) (based on data from 75 crops; Giannini et al., 2015b), and
most of the species in these genera are considered large bodied. Other studies also showed the importance of solitary bees for
agriculture in temperate countries, such as Osmia (O. lignaria and O. cornuta), Peponapis pruinosa and Melissodes bimaculata
(Klein et al., 2018), which have not been recorded in Brazil. In addition, species of Bombus are used in the large-scale polli-
nation of greenhouse crops in Europe, Africa, Asia and the Americas, including tomato, peppers, apples, pears, kiwi and cherry
(Velthuis and Van Doorn, 2006).

A Brazilian survey on bees that pollinate agricultural crops (Giannini et al., 2015b) showed that the pollinators of only one
of the thirteen crops listed in the present study (i.e., lemon tree) have not yet been studied (see also Wolowski et al., 2019).
Among the other 12 crops, only one (i.e., açai palm) does not have large-sized bees among their pollinators (Campbell et al.,
2018). All the other species depend especially on Bombus, Xylocopa, Centris (genera with mostly large bees) as well as Apis
mellifera, which is considered amedium-sized bee and has a flight range sufficient to reach areas within the 4.1e26 km buffer.
Açai crops are produced only in northern Brazil, and it is mainly pollinated by small bees; thus, the closer the PA is to an açai
crop, the greater the contribution of these bees to fruit setting. It is important to emphasize the scarcity of data on the



Fig. 2. Main sites offering nesting resources (cavity and soil) and floral resources (spring and summer) for A) Serra da Bocaina and B) Mata do Jambreiro and their
surrounding areas.
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Table 3
Area (km2) of each municipality with a higher potential to provide nesting and food resources (80e100%; Fig. 2) relative to bee body size (based on the
intertegular distance, ITD) and maximum foraging distance (MFD).

Area (Km2)

MFD 0.1e1 km ITD 0.6e2mm MFD 1.1e4 km ITD 2.1e4mm MFD 4.1e26 km ITD 4.1e8.7mm

Bocaina
Cana~a dos Caraj�as 168.4 271.4 912.8
Curian�opolis e 3.3 184.5
Parauapebas e 9.7 699.7
�Agua Azul do Norte e e 44.8

Jambreiro
Bar~ao de Cocais e e 4.7
Belo Horizonte 0.7 7.5 27.5
Betim e e 28.2
Brumadinho e e 90.6
Caet�e e e 169.4
Contagem e e 45.9
Ibirit�e e e 20.6
Itabirito e e 50.2
M�ario Campos e e 0.8
Nova Lima 27.2 71.9 216.7
Pedro Leopoldo e e 1.6
Raposos e 4.2 34.4
Ribeir~ao das Neves e e 40.1
Rio Acima e e 133.3
Sabar�a e 2.6 235
Santa B�arbara e e 64.4
Santa Luzia e e 105.1
Sarzedo e e 36.9
Vespasiano e e 14.2
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interactions between bees and agricultural plants in northern Brazil. Few studies have been conducted in this region and a
great shortage of data on pollinators of Brazilian crops in the region as well as pollinators of local crops remains. A recent
review that analysed 289 references of Brazilian crop pollination showed that only 13% of the studies were conducted on
Northern region (Wolowski et al., 2019). Thus, further studies on local agricultural pollinators could provide additional details
for the valuation presented here.

Regarding the non-monetary valuation, the InVEST results demonstrated the importance of the two PAs and their sur-
rounding areas as they can provide resources for pollinators. The importance of surrounding areas associated with denser
vegetation cover and native vegetation must be highlighted. It should be noted here that native vegetation was considered
only by the non-monetary valuation method since the monetary valuation considers only the perspective of agricultural
lands. Thus, although pollination services are provided by PAs, the monetary valuation considered the crops value and is thus
dependent on the type of land use around the PAs. On the other hand, the non-monetary valuation method reinforces the
importance of the PAs themselves and other (semi) natural areas where the pollinators can find nesting and food resources,
thus demonstrating the direct importance of such areas for the provision of services. Therefore, InVEST software was useful
for an ecological valuation based on spatial analyses that consider the landscapes diversity and availability of nesting and food
resources, and its use can be adapted to any location for which data are available. Results obtained here illustrates the
importance and necessity of using complementary approaches that includemonetary and non-monetary valuation. On Brazil,
protected areas accounts for 2251 unities covering a total area of 1.54 million km2 (Pacheco et al., 2018), whose conservation
has been increasingly threatened (Fearnside, 2016; Begotti and Peres, 2019). Our results reinforce previous statements that
intact forests delivery important NCPs with high value for societies (Watson et al., 2018; Franklin Jr. and Pindyck, 2018) and
should be preserved as a public good for future generations (Nobre et al., 2016).

Given the diversity of vegetation types found in the two PAs, it is expected that in addition to pollination services, other
important NCPs typical of forest cover sites, but not included in the present study, could be found, such as biomass pro-
duction, provision of wildlife habitats, seed dispersal, nutrient cycling and resistance to extreme biotic conditions
(Brockerhoff et al., 2017; Mori et al., 2017). Each PA studied here also has its own specific characteristics. Serra da Bocaina
presents the potential for ecotourism because it has areas of great scenic value and a unique landscape structure due to the
mountainous relief and rocky vegetation at high altitude surrounded by the Amazon Forest. Mata do Jambreiro presents the
potential for ecological activities due to its proximity to urban areas of the metropolitan region of the state capital of Minas
Gerais. In fact, the area is already open to visitation by environmental education programmes and partnerships with local
schools.

Future studies should assess ecosystem services in a broader decision-making context, including aspects of ecological,
social, cultural and environmental valuation, to ensure the sustainability of ecosystem service provisioning (Pandeya et al.,
2016). Such studies can be used as a support for public plans and policies aimed at raising awareness of the connection
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between the conservation of natural ecosystems and social well-being, and the relevance of such conservation to other
sectors in addition to agriculture and food security, such as health, energy, water security, infrastructure, urban development,
finance and national security (Guerry et al., 2015).

5. Conclusions

The isolated use of differentmethods such as those applied in this study (monetary and non-monetary) for the valuation of
NCPs may not reflect the total value of PAs with respect to the provision of ecosystem services. However, the combination of
the two methods can foster a more comprehensive perspective that considers the complexity of the subject. However, the
greater the complexity of valuation is, the greater the need for high-quality data. Further research is needed to increase the
quality of data used as input for InVESTand to provide additional interaction data for crops and pollinating bees, mainly in the
northern region of Brazil, and higher quality spatial data on crop lands in Brazil. The approach applied herein can be used in
other contexts and in other areas. Such an application is useful for characterizing the importance and value of ecosystem
services provided by PAs to surrounding areas as well as to local human communities. This approach can help in valuation and
decision-making processes involving the conservation and management of biodiversity conservation areas.
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