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Abstract: Rapid land-use/land cover changes (LULCC) have led to habitat loss and fragmentation in the natural forest 
areas, which are mainly due to the intense and rapid expansion of urban areas and intense agricultural management. 
These processes are strongly threatening biodiversity maintenance and the ecosystem services provided by them. 
Among the ecosystem services under threat, pollination has been widely studied since this service is essential 
to promote food production and, therefore, human well-being. In a scenario of increasing LULCC it is crucial 
to understand the interplay between these changes, pollination demand by insect-dependent crops and pollinator 
availability to ensure these ecosystem services meet the increased demand for food production. In this study, we 
developed a conceptual model to disentangle the relationships between human-nature, especially LULCC, and 
its consequences, to the delivery of pollination service. We also presented a case study in the Brazilian São Paulo 
state, where we modeled the effects of predicted LULCC associated to agriculture expansion between the years 
2012 and 2030 on pollinator demand by crops and pollinator supply, for fourteen economically important crops. 
Additionally, we systematized an expert-based Ecosystem Service matrix to estimate the influences of LULCC on 
the provision of pollination. Our results showed that by 2030, the demand for pollination will increase by 40% on 
average, while pollinator supply, estimated using suitability values for the different land-use/cover classes, will show, 
on average, a 3% decrease. Our results highlight the importance of considering the dialogue among stakeholders, 
governments, institutions, and scientists to find alternatives and strategies to promote pollinator-friendly practices 
and safeguard the provision of pollination services in a future under LULCC.
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Introduction

Habitat loss and fragmentation are caused mainly by land-use/land 
cover changes (LULCC) resulting from the expansion of agricultural 
and urban areas demanded by human population growth and economic 
development (Kremen et al. 2004, Foley et al. 2005, Roberts 2011, Aizen 
et al. 2019). By LULCC we refer to human activities that alter land 
surface processes including biogeochemistry, hydrology and biodiversity 
and changes on the physical and biological cover over the surface of 
land (Mustard et al. 2004, Ellis & Pontius 2007). These changes occur 
at alarming rates in the Tropics which harbors the highest terrestrial 
biodiversity (Gaston 2000). Tropical regions are expected to face a 
dramatic agricultural expansion during the next decades (Laurance et 
al.  2014). Regarding to the negative impacts that LULCC can generate 
upon biodiversity (IPBES 2019), pollinator communities decline is one 
of the most widely studied (e.g. Klein et al. 2007, Vanbergen et al. 2013), 
mainly due to the importance of pollinators in maintaining biodiversity 
and world crop productivity (Bauer &Wing 2016).

In Brazil, pollination services mainly rely on wild pollinators 
since there is an incipient development of practices to increase crop 
production with managed bees (Imperatriz-Fonseca et al. 2006). The 
services of wild pollinators in natural habitats tend to decrease in 
scenarios of intensive LULCC resulting from increased human demands 
(Aizen et al. 2008, Garibaldi et al. 2014). Since wild pollinators 
require specific resources for nesting, feeding and reproducing as 
well as certain habitat conditions to ensure their survival, intensive 
LULCC can negatively affect the density of pollinators at different 
scales (Fahrig et al. 2011, Motzkea et al. 2016, Senapathi et al. 2017). 

For example, Ferreira (2015) found that above-ground nesting bees are 
more sensitive to forest loss induced by anthropogenic factors than 
ground-nesting bees. For social bees, the effect of changes in forest 
cover at local scale depends on the regional forest cover, with negative 
effects being detected when landscapes had at least 35% of forest 
(Ferreira et al. 2015). In addition, the usual agricultural practices, 
which still rely on the intensive use of pesticides and extensive 
monoculture, threaten pollination services (Park et al. 2015). These 
practices also affect stability and resilience of farming systems, which 
present lower capacity to adopt alternative strategies under stresses 
like climate change (Nelson et al. 2010). Therefore, to preserve the 
pollination services in Brazil, it is necessary to review environmental 
policies, socioeconomic system and crop management practices 
(Cunha et al. 2012).

Tropical forests, such as the Atlantic Rainforest, are examples 
of natural ecosystems threatened by high levels of degradation and 
reduction of forested areas as a result of urban development and 
crop expansion. This biodiversity hotspot (Tabarelli et al. 2005) 
originally comprised one of the largest rainforests in the Americas, 
covering around 150 million hectares under highly heterogeneous 
environmental conditions (Ribeiro et al. 2009). The agricultural 
and urban expansion throughout the Atlantic Rainforest over the 
past 500 years resulted in 80% of forest loss and a fragmented 
landscape composed of isolated patches of forest (Ribeiro et al. 
2009, Rezende et al. 2018). Furthermore, these natural fragments 
are embedded into different matrices of pasture, agriculture, forestry 
and urban areas (Perfecto & Vandermeer 2010, Joly et al. 2014). 

Cenários futuros de mudanças de uso e cobertura do solo e seus efeitos sobre oferta e 
demanda de polinização no estado de São Paulo, Brasil

Resumo: As aceleradas mudanças de uso e cobertura do solo levaram à perda e fragmentação de habitat das florestas 
naturais, principalmente devido a uma intensa e rápida expansão de áreas urbanas e ao intensivo manejo agrícola. 
Esses processos ameaçam fortemente a manutenção da biodiversidade e os serviços ecossistêmicos associados. 
Entre os serviços ecossistêmicos ameaçados, a polinização tem sido amplamente estudada, pois se trata de um 
serviço essencial para a produção de alimentos e, consequentemente, para o bem-estar humano. Em um cenário de 
crescentes mudanças no uso e cobertura do solo, é crucial entender a interação entre essas mudanças, a demanda de 
polinização por culturas dependentes de insetos e a disponibilidade de polinizadores para garantir que esse serviço 
ecossistêmico atenda o aumento da demanda produtiva de alimentos. Neste estudo, desenvolvemos um modelo 
conceitual para evidenciar as relações homem-natureza, especialmente as consequências das mudanças de uso e 
cobertura do solo sobre a prestação do serviço de polinização. Nós também apresentamos um estudo de caso no 
estado brasileiro de São Paulo, onde modelamos os efeitos de mudanças de uso e cobertura do solo associados à 
expansão de agricultura entre os anos de 2012 e 2030 e as demandas e oferta de polinizadores por cultura, para 
quatorze culturas economicamente importantes. Além disso, sistematizamos uma matriz de serviços ecossistêmicos 
baseada em conhecimento de especialistas para estimar as influências das mudanças de uso e cobertura do solo na 
provisão do serviço de polinização. Nossos resultados mostraram que até 2030, a demanda por polinização aumentará 
em média 40%, enquanto a oferta de polinizadores estimada, usando valores de adequação para as diferentes classes 
de uso e cobertura do solo, terá uma redução média de 3%. Nossos resultados destacam a importância do diálogo 
entre agricultores e outros importantes agentes impulsionando as mudanças de uso do solo, governos, instituições e 
cientistas para encontrar alternativas e estratégias para promover práticas favoráveis aos polinizadores e salvaguardar 
a prestação de serviços de polinização em cenários futuros de mudanças de uso e cobertura do solo.
Palavras-chave: abelhas; dependência de culturas agrícolas; serviços ecossistêmicos; interface homem-natureza; 
floresta tropical. 
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Studies have emphasized the importance of forest fragments in maintaining 
bee pollinators and consequently the pollination services provided 
by them (Carvalheiro et al. 2010, Saturni et al. 2016, Buchori et al. 
2019). Thus, alternative conservation strategies are urgently needed in 
the Atlantic Rainforests, especially where insect-dependent crops are 
expected to increase. Such strategies should promote the reconciliation 
of the current restoration policies and pollinator-friendly practices 
(Dicks et al. 2016) leading to a socially equitable conservation scenario. 

In this study, we developed a conceptual model based on the 
general framework elaborated by the Intergovernmental Science-Policy 
Platform on Biodiversity and Ecosystem Services (IPBES) to assess 
key components and its relationships to guarantee the conservation 
and sustainable use of biodiversity, long-term human well-being and 
sustainable development (Díaz et al. 2015; IPBES 2016). Here, we 
described connections among drivers related to nature and social key 
elements supporting or constraining the provision of pollination services 
taking LULCC as one of the major direct drivers. We also presented 
a case study using the state of São Paulo as a model of large-scale 
landscape for which we projected a future scenario of pollination 
demand and supply and applied the general conceptual model. The 
modeling procedure included 14 economically important crops and 
LULCC scenarios from OTIMIZAGRO model (Soares-Filho et al. 
2013, 2016). We asked the following questions: (1) Which land-use/
cover classes favor the provision of pollination services? (2) How do 
LULCC influence the pollination demand of pollinator-dependent crops 
and (3) How do LULCC influence the pollination supply, considering 
differences in estimated availability of food and nest resources between 
land-use classes?  By answering these questions, it is possible to 
understand how projected LULCC can potentially affect the flow of 
pollination services provided by wild pollinators.

Material and Methods

1. General conceptual model

Our conceptual model is based on the Assessment Report on 
Pollinators, Pollination and Food Production (IPBES 2016) in 
accordance with the IPBES conceptual framework (Díaz et al. 2015). 
This model illustrates the relationships between direct and indirect 
drivers influencing pollination services as well as the contributions 
of these services to people generating human well-being. The model 
also presents the role of institutions and governments in promoting 
conservation strategies at a national scale.  Since bee pollinators are 
associated with more than 90% of economically important crops (Klein 
et al. 2007), we applied the IPBES conceptual model considering 
ecological requirements and conservation strategies related to this 
functional group of pollinators.

According to our conceptual model direct drivers, represented 
here by an anthropogenic factor (e.g., land-use changes), directly 
influence nature at local site (Arrow number 1 and Boxes A 
and B; Figure 1). For example, LULCC and the fragmentation 
process affect how landscapes support pollinator biodiversity and 
pollination services by constraining bee dispersal, occurrence and 
gene flow (Jha et al. 2015, Jaffé et al. 2019, Barbosa et al. 2019). 

Due to bee dispersal constraints, pollen flow should also be limited by 
the fragmentation process, resulting in low rates of cross pollination 
and endogamy (Hadley et al. 2012).

The mutual-effect relationship between nest availability, natural 
and semi-natural habitats, and diversity of floral resources directly 
affect the diversity of bees by reducing bee’s ability to face diseases 
(Jones et al. 2018) and to persist in environments due to the lack of 
floral resources (Ricotta & Moretti, 2011). Therefore, the relationships 
with nature elements at local scale determine the habitat capacity to 
maintain biodiversity and deliver of pollination services (Arrow 2 
leading to Box C).

Finally, the interactions and practices among farmers, land-
use policies and environmental laws (Box D) can influence the 
maintenance of pollination services. At the same time, the pollination 
service can stimulate specific farming practices and guide the 
development of land use policies (bidirectional Arrow 3). LULCC is 
also influenced by the indirect drivers from Box D (Arrow 4). New 
market trends dictate farmers’ decisions about investing in certain 
types of crops, especially because most of them are commodities and 
follow international trends. Land-use policies and environmental laws 
(such as the Forest Code and Atlantic Forest Pact) establish limits to 
deforestation and, in this way, limits to new cultivated areas.

At the end of the model, the pollination service delivers the nature’s 
contributions to people (NCPs) (Arrow 5; Box E). The increment of 
crop productivity or even the assurance of crop production is resulted 
not only by biodiversity, but also from quantification of the relationships 
of stakeholders and anthropogenic assets, such as development of new 
agricultural systems based on local technologies.

2. Ecosystem Service matrix

In order to complement the conceptual model interpretation and 
evaluate pollination-related ecosystem services (ES) under different 
LULCC scenarios, we proposed a matrix from which the scores were 
determined according to expert knowledge for estimating capacity, 
supply, use and demand (Campagne & Roche 2018). This matrix relates 
ES categories to influences of promoting pollination services associated 
with broad land-use/cover classes (forest, urban area, pasture, crops, 
waterbodies, silviculture and savannah). Matrix scores indicate the 
supporting capacity of each land-use/cover class in the provision of ES 
(Campagne & Roche 2018). According to this approach, matrix scores range 
from 0 to 5, where “0 = no relevant capacity, 1 = low relevant capacity, 
2 = relevant capacity, 3 = moderate relevant capacity, 4 = high relevant 
capacity, and 5 = very high relevant capacity” (Burkhard et al. 2009). To 
create the matrix, we searched for other studies that provide matrix scores 
describing the association between land-use/cover categories and ES. The 
studies were surveyed via the Web of Science repository (http://www.
webofknowledge.com). Eleven studies developed in Tropical regions were 
selected.  To obtain the final scores of our matrix, we calculated the mean 
scores considering the values representing the associations between each 
land-use/cover classes and ecosystems services, provided by these studies. 
We only considered land-use/cover classes relevant to our case study and 
ecosystem services related to pollination provision (habitat creation and 
maintenance, dispersion of pollen and other propagules, food security, 
medicinal and genetic resources, cultural heritage).
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Figure 1. Study case conceptual model for achieving the increasing demand on pollination services in São Paulo State.
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3. LULCC model

To predict future changes in land, we used outputs from the spatially 
explicit land-use/cover model provided by OTIMIZAGRO (Figure 2) 
(Soares-Filho et al. 2013, 2016). The model simulates future agricultural 
expansion for 14 economically important crops, considering the effects of 
transportation costs, climatic suitability and profitability: nine annual crops 
(soy, sugarcane, corn, cotton, wheat, beans, rice, manioc and tobacco), 
including single and double cropping systems; and five perennial crops 
(arabica coffee, robusta coffee, orange, banana and cocoa). The model 
also includes pastures, plantation forests, water surface, urban areas and 
native vegetation (Table S1). The future land-use/cover map of agricultural 
expansion is based on projections for 2024 (MAPA 2013) extrapolated to 
2030 by using historical trends of agricultural production between 1994 
and 2013 (IBGE 2013) and the modeled land cover changes considered 
deforestation within the limits established by the Brazilian Forest Code 
for Atlantic Forest and Cerrado Biomes.

To create a pollinator-dependence matrix comprising the 14 
crops, we considered the pollination dependence rates estimated by 
the Brazilian pollination assessment (see Wolowski et al. 2019). The 
calculation of pollinator dependence rates provided by the assessment 
followed the methodology proposed by Gallai et al. (2009). The 
pollination dependence rates attributed to the crops included in the 
model were 0 (no dependence; e.g., rice and sugarcane), 0.25 (modest; 
e.g., soy and coffee) or 0.95 (essential; e.g., cocoa) (Table S1). The 
pollinator dependence matrix was spatialized using the OTIMIZAGRO 
Model maps of agricultural expansion for the years 2012 and 2030. 

Mean dependence values were computed for each of the 645 
municipalities São Paulo state considering the area covered by each 
category (crops, pasture, plantation forests, water, and urban area) and 
their respective pollinator dependence rate. Natural vegetation, urban 
area and water surface classes were not considered in the calculation. 

We used expert-based data on habitat suitability for bees synthesized 
by Kennedy et al. (2013) as a proxy for pollination supply in each land 
use/cover class (Table S1). Percentual changes in mean pollination 
demand and suitability values per municipality were computed for the 
period by subtracting the predicted value for 2030 and the value for 
2012 and dividing the result by the 2012 value. Municipalities with 
null values for pollination demand in the year 2012 were not included 
in the calculations of percentage changes.

Associations between trends in pollination demand and supply were 
mapped by classifying each municipality in nine categories, representing all 
possible combinations of trends for both pollination supply and demand at 
the following three categorical levels: increases of more than 5% between 
2012 and 2030, decreases of more than 5% between 2012 and 2030 and 
changes between +5% and -5% (see table S2 for the complete dataset).

The analyses were carried out in R version 3.6.1 (R Core 
Development Team 2019), using the packages raster (Hijmans 2019) 
and rgdal (Bivand et al. 2019). Maps were produced using the software 
QGIS (QGIS version 2.18).

Results

1. Conceptual model case study

We adapted the IPBES conceptual framework to our case study 
focusing on the effects of LULCC and the estimated demand for 
pollination services (Figure 1). We considered how land use changes 
affect pollination services and human well-being that were the focal 
components of our scenario modeling.

Land use change was the anthropogenic direct driver considered 
at local sites (Box A). Changes in land use and cover are known to 
impact significantly biodiversity and the delivery of ecosystem services. 

Figure 2. Land use changes scenarios for the state of São Paulo according to OTIMIZAGRO model.
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The LULCC scenario modeling for São Paulo State projects a shift on 
the main dependence rate for pollination of croplands.  It indicates a 
replacement of crops with low dependence rates on pollination by crops 
with higher dependence on pollinators. This change affects nature at a 
local site (Box B), since an increase of pollination dependent crops in 
semi natural habitats increases the demand for other floral resources used 
by bees in between crop season, which affects natural habitats, such as 
forest remnants that provide food resources for pollinators. These changes 
can also affect other factors, such as bee nesting resources, for example.

As a result of new cultivated crops and their specific dependence 
rates on pollination, we predict a 40% of increased demand for 
pollination service (see LULCC model effects on pollination section). 
This means that agricultural products will rely more on pollination 
service than they already do. Since the current scenario of bee 
conservation is not optimistic (see LULCC model effects on pollination 
section), productivity might be at risk in some municipalities.

Therefore, in order to ensure adequate pollination of these crops and 
safeguard productivity in these regions, strategic planning is needed. 
Involved actors, such as farmers and decision makers, should focus on 
spatial arrangements to improve bee’s access to crops and to maintain 
resources and conditions for their survival.

This increased demand will directly affect nature’s contribution 
to people (Arrow 5, Box E), as crops will provide different resources 
from those obtained in the past. It is expected that new products are 
more valuable than previous ones if farmers follow international market 
tendencies. Moreover, pollinator dependent crops also provide high 
quality and quantity products when pollinated, which add even more 
value to these products, both in intrinsic and extrinsic aspects (e.g. 
healthy foods and market prices, respectively).

2. Ecosystem service matrix

We evaluated eleven papers related to land use and different 
managements of landscape providing benefits to pollinator biodiversity 
and provision of pollination services. The resulting matrix showed that 
the land use types that contributed most with ES supply by pollinators 
were annual crops, native forest and forest plantations (Figure 3). On 
the other hand, pastures, constructed areas and water bodies contributed 
to a lesser extent.

3. LULCC model effects on pollination

The OTIMIZAGRO land use model predicts an increase trend 
for the demand on pollination services in São Paulo state considering 
the expansion of the modeled crops up to 2030 (Figure 4, Table S2). 
Comparing the present (2012) with the future scenarios, the mean 
demand for pollination services increases by 40%, considering 
predictions for future LULCC. The municipalities from the south of 
São Paulo state (such as Itapetininga, Itararã, Itapeva and Buri) show 
the highest mean crop dependence. This region and the northern region 
of the state  comprise important agricultural areas and the crops under 
study, will expand on these regions in the future. Thus, these regions 
are more vulnerable and more likely to suffer from the implications of 
a decline in threatened pollinators.

The municipalities that currently do not have any pollinator-
dependent crop will face the establishment and expansion of pollinator-
dependent crops. As soybean expansion is predicted for the southwestern 
region, comprising Rosana and Presidente Prudente municipalities 
(Figure 4, Table S2), the demand for pollinators agents will rise. Most 
municipalities that do not have any crops dependent on pollinators will 
tend to remain so into the next decade.

Figure 3. ES assessment matrix illustrating the land use types capacities to provide pollination ecosystem service and 
other ecosystem service favoring wild pollinators.
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Pollination supply is predicted to decline on average by 3% due 
to LULCC, represented mainly by expansion of annual row crops 
over areas that provide more suitable habitats to bees (such as native 
vegetation and pastures). These change will be more pronounced on the 
western municipalities (Figure 4, Table S2), with the higher percentage 
of changes expected to occur in Ipiguá, Bastos and São João do Pau 
d’alho, all with projected supply declines of over 20% (Table S2).  The 
most common combined trend between pollination supply and demand 
was the increase in demand accompanied by a decrease in supply, 

observed in 195 municipalities, most of them located in the western 
portion of São Paulo State (Figure 5, Table S2). Only six municipalities 
showed the opposite trend (decrease in dependence and increase in 
suitability, Figure 5, Table S2) and the main pattern observed in this 
case was the replacement of crops by plantation forests (as observed, 
for example, in Pinhalzinho, SE São Paulo). Another 144 municipalities, 
also concentrated in the western region of the State, are expected to show 
an increase in dependence rate alongside a relatively stable pollination 
supply (changes between +5% and -5%; Figure 5, Table S2). 

Figure 4. Present (2012) and future (2030) scenarios for the effects of land use change on pollination supply and demand of demands for pollination services 
in the state of São Paulo, Brazil. Top: Mean crop dependence on pollinators. Bottom: Mean pollinator supply.
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Discussion

In this study, we projected a future scenario that showed an increased 
demand coupled with a slightly reduced supply for pollination services 
in the state of São Paulo due to LULCC over the next twenty years. 
Population growth and the availability of suitable land for agriculture 
are major factors explaining present and historical LULCC in the 
state of São Paulo. These same factors can be considered as the major 
drivers of LULCC in a few years, suggesting an urgent need to reconcile 
environmental and economic policies.

The predicted increase in pollination demand up to 40% for São 
Paulo State was due to the expansion of areas with more pollinator-
dependent crops, such as coffee, orange and cotton, replacing those 
that do not need pollination – mainly sugarcane, plantation forests 
and pastures. It is important to note that these results are probably 
an underestimation, since many of the crops not considered in the 
OTIMIZAGRO scenario have modest to high dependencies on 
pollinators (fruits and vegetables such as watermelon, tomatoes, 
strawberries, peppers etc.). Although the mean reduction in estimated 
pollination supply was not high, some municipalities are expected 
to show higher supply decreases simultaneously with increases in 
dependence.  Thus, if this increasing demand is to be met, especially 
in those more affected municipalities, effective measures to conserve 
and promote the sustainable use of native and wild bees are needed, 
such as better allocation of areas for conservation units, pollinator-
friendly management practices to improve the condition of the existing 
habitat and the adoption of better practices regarding agrochemical use 
(especially insecticides).

As indicated in the conceptual model, LULCC promotes 
loss of natural habitats and threaten pollinators, by affecting the 
quality and quantity of food resources and number of nesting sites. 

It is important to remark that our scenario approach only considers broad 
patterns in LULCC at the municipality level. At finer spatial scales, other 
effects have been demonstrated, such as the effects of fragmentation 
on biodiversity and gene flow of bees (Ferreira et al. 2015, Boscolo 
et al. 2017, Montagnana et al. 2018, Nery et al. 2018, Barbosa et al. 
2019). The spatial configuration of crop fields and habitat patches can 
also be important, as exemplified by observed effects of the distance 
to the nearest native vegetation (Garibaldi et al. 2011). Nevertheless, 
the results shown here serve as a first step in describing the expected 
effects of LULCC in the considered scenario and are useful in defining 
research priorities and point directions for better management.

In order to reach the demand for pollination service in the future 
scenario, practices to maintain forest cover should be addressed, since 
this is the most important land-use class that supplies pollination ES. 
It has been widely reported that forest fragments can increase the diversity 
and abundance of pollinators with substantial gains in crop production 
(Campbell et al. 2017, Hipólito et al.  2019).This has been highlighted 
for orange (unpublished data) and coffee (Saturni et al. 2016) across 
the Atlantic Rainforest domain within the state of São Paulo. The role 
played by forest fragments in providing biodiversity of bees results in 
both an increase of crop productivity and improvement of nutritional 
composition of fruits (Brittain et al., 2014; Klatt et al., 2014). Therefore, 
maintaining, increasing and managing appropriate habitats for wild 
pollinators are profitable opportunities for species conservation and 
continuous crop production (Lautenbach et al. 2012).

Simulations have predicted that, depending on the magnitude and 
location of ongoing forest conversion, pollination services are expected to 
decline continuously and thus directly reduce coffee yields by up to 18% 
and net revenues per hectare up to 14% in other tropical forests (Priess 
et al. 2007). However, this scenario can be avoided if patches of forests 
(or other natural vegetation) are maintained in agricultural landscape, 

Figure 5. Changes in pollination supply and demand between 2012 and 2030. Municipalities in white had mean 
pollination dependence rate of 0 in 2012, and were not included in the percentage change calculations.
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which could be a viable near future option for local local farmers and 
regional land-use planners (Priess et al. 2007). This same approach may 
be applied for Brazilian tropical forests in order to prevent the reduction 
of crop pollination and attend the increased demand for future scenario 
in São Paulo state.

We observed a gap in Brazilian studies linking pollination services 
and different restoration contexts to promote crop yields. Filling this gap 
is urgent to inform and support land-use planners and decision makers 
to choose priority areas for restauration. This reflects not only on the 
delivery of the service in itself, but also to human well-being, since 
it may improve net revenues to small farmers. Among strategies that 
may contribute to the maintenance of natural habitat, the expansion of 
protected areas can act as reservoirs of pollinators and, therefore, provide 
pollination services for crops nearby. This gap might be fulfilled in order 
to provide information to land managers and obtain efficient provision 
of pollination considering future scenarios.

It is important to make a reservation about the results obtained 
by our model for the capacity of forest plantations on maintaining 
pollinators’ communities. Even though in Kennedy et al. (2013) this 
land-use category was considered as suitable habitat as native broadleaf 
forest, we believe that there are some important differences between 
both habitat types in our study area. Plantation forests, typically consist 
of one or a few tree species, are grown as even-aged monocultures, 
intensively managed and harvested on relatively short rotations (Taki 
et al. 2011). These characteristics raise concerns that plantation forests 
may negatively impact forest biodiversity (Brockerhoff et al. 2008). 
However, moderate disturbances in native forests, including forest 
plantations, may help maintain pollinator abundance and diversity by 
expanding the cover of herbaceous plant species, thereby increasing 
nectar and pollen availability (Winfree et al. 2007). Nevertheless, for 
the sake of consistency, we opted to maintain the suitability value 
for plantation forests provided in Kennedy et al. (2013). In this way, 
the results driven by predicted changes in plantation forest should be 
interpreted with care in our case study and more specific information 
about the differences in floral resource and nesting site availability 
between native forests and plantation forests are needed for a better 
understanding of those trends.

From the perspective of crop management, Brazil has been 
adopting decisions in opposite directions that jeopardize biodiversity 
of pollinators and threaten pollination services. The consumption of 
insecticides in Brazil more than doubled (152%) in the last 15 years, 
from 2003 to 2018 (Santos et al. 2018). Besides increasing pesticide 
use, control policies by competent agencies are insufficient (SABESP 
2019), which hamper monitoring for correct use of agrochemicals 
as required by the Brazilian Ministry of the Environment (Cham et 
al. 2017). Thus, to overcome this barrier and guarantee the delivery 
of pollination up to 2030 in São Paulo state, alternative strategies 
to regulate or diminish the use of chemicals products, should be 
adopted, such as agroecological systems, organic agriculture practices 
and integrated pest management (IPM). These strategies should be 
discussed with all parties involved including farmers, beekeepers, 
scientists, governments and decision-makers (Díaz et al. 2015, 
Wolowski et al. 2019).

Although we could not include in our case study the effects of urban 
expansion, since this process is beyond the OTIMIZAGRO land-use 
scenarios’ scope (Soares-Filho et al. 2019), we consider that urban 

expansion may have important impacts on pollinators, especially in 
our study area. Even in a scenario of expansion of land use change, 
some degree of habitat and food resources for pollinators can be 
provided by urban areas. This supply may be enhanced by urban 
green environments that can help to maintain pollination service, 
particularly by habitat creation and dispersion of pollen and other 
propagules (Henning & Ghazoul 2011). These areas may be important 
to promote gene flow in native bee species, such as Tetragonisca 
angustula and those species with generalist habit that can nest inside 
urban pre-existing cavities, such as some solitary bees. Threlfall et al. 
(2015) suggest that established urban green areas that contain native 
flowering plants with lower surrounding impervious surface cover, 
support greater bee abundance and greater richness of bee species, 
especially ground-nesting and floral specialist bees. Future work 
considering these effects would be particularly useful for the better 
planning of urban development.

Practical application of ES knowledge enables integration of 
institutional organizations, governance, stakeholders and partnerships 
between them with small and large farmers, crucial to guide and 
elucidate the best directions and pollinator-friendly practices to crop 
management. Initiatives such as the pact to restore Atlantic Rainforest 
can compensate the loss of original habitats in agricultural areas located 
in the south region of the state. This can be observed by the prediction 
for the 2030, wherein planted forest and annual crops tends to increase. 
Following the ES approach, it is expected to achieve long-term results 
in the environmental, social, cultural, political and economic aspects 
of sustainable development in the respective area (Nedkov et al. 2018).

Guidelines and organizations promoting efforts to avoid pollinator 
crisis are increasing with a still incipient participation of the Brazilian 
government. For example, Brazilian Environmental Ministry published 
an assessment on the risks of insecticides to bees (MMA, 2018) and the 
Brazilian Network of Plant–Pollinator Interactions (REBIPP) brought up 
a National Report on Pollination, Pollinators and Food Production. This 
asset followed the IPBES conceptual assessment (IPBES 2016). Future 
studies that explore the relationships between the aforementioned drivers 
and the potential of pollination by native animals, taken together with 
spatially-explicit scenario analysis of future demand of these services, 
may better inform which are priority areas to focus on management 
actions in order to successfully reach future demand and ensure a higher 
productivity and sustainability of the agriculture. Mitigating indirect 
and direct drivers that impact pollinator communities is a general 
step for the conservation of pollination services under scenarios of 
increased demands. Indirect drivers represented mainly by governance 
and institutions, play an important role in guiding anthropogenic direct 
drivers, particularly in relation to management crop and land use.

Supplementary material

The following online material is available for this article:
Table S1 - Description, dependence rates (BPBES report) and 

suitability values (obtained from table S4_2 of Kennedy et al. 2013) 
for OTIMIZAGRO class

Table S2 - Mean dependence and suitability values for the years 
2012 and 2030 and percentage change in dependence and suitability 
along the period, for each São Paulo State municipality.

http://www.scielo.br/pdf/bn/v20s1/1676-0611-bn-20-s1-e20190906-suppl1.pdf
http://www.scielo.br/pdf/bn/v20s1/1676-0611-bn-20-s1-e20190906-suppl2.pdf
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