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Pollinators play a crucial role in human well-being, as they contribute to pollination of many crops and influence plant 
reproduction and biodiversity conservation of native plants. There is a gradual disappearance of major pollinator species 
throughout the world. Key threats to pollinators and pollination include industrial agriculture, climate change and the spread 
of alien species. It is necessary to introduce modifications in the agroecosystem management to solve threats to pollinators, 
working at different landscape scales and considering biodiversity complexity. Sustainable management of pollinators offers 
the chance to maintain or increase biodiversity and ecosystem services. It is important to recognize that many of the 
ecosystem services offered by nature to human societies cannot be perceived directly and therefore we do not value them 
properly. If we want to improve conservation and human well-being, first step is to know about ecosystem services; evaluate 
them and finally change human practices threatening biodiversity. It is important to recognize that there are diverse ways of 
understanding and living in the world, implying a variety of environmental ethics that guide political, economic and 
environmental decision making. Societies need to preserve common goods and conserve biodiversity to guarantee human 
well-being.

Pollinators, socio-agroecosystems, biodiversity, conservation, ecosystem services

EPR R OT DN UAL CP T IF VEO  BYT IOEI L

C O

O G

S I SE TH ST

The socio-agroecosystem is a complex system that In consequence, when agricultural ecosystems are subject 
includes biotic (birds, insects, mammals, fungi, soil micro- to practices with the sole objective of extracting the greatest 
organisms, livestock, crops, humans) and abiotic components agricultural production in the short term, many ecological 
(water, soil, air). These interact through different ecological processes are not considered. The loss of such processes will 
processes and  influence cultivated and native species negatively affect the provision of many ecosystem services in 
according to the management (Zhang et al. 2018). the short or in the medium term. For example, if a monoculture 
Agricultural ecosystems throughout the world include a is promoted for several years in the same stands, soil fertility 
gradient of managements from very simplified and inevitably becomes impoverished, nutrients are lost, weeds 
homogeneous landscapes to those maintaining a complex and and pests are increased or less controlled, and the prevalence 
heterogeneous configuration (Fig. 1 A, B). of some crop diseases is increased (e.g. Pengue 2005, 

Industr Leguizamón 2014, Zhang et al. 2018). When land use is 
drastically changed (for example with the deforestation of 
native forest that has occurred in Argentina during the last 
decades; Cáceres 2015, Zhang et al. 2018), floods and soil 
salinization increases (Fig. 3 A, B), rural populations move to 
urban areas, biodiversity is decreased, etc. In summary, the 
impossibility of visualizing agricultural ecosystems as 
complex systems in their spatial and temporal dynamics 

  implies costs for the whole society which are not included in 
agricultural ecosystem were thought mainly based on crop the economic equations in the short term (i.e., crop yields as 
productivity, but not considering the loss of biodiversity and commodities). It is necessary to be aware about the ecosystem 
the decrease of many ecosystem services (Pengue 2005, services that are lost with the practices associated to the 
Leguizamon 2014). Conversely, there are alternative modes of industrial agriculture. 
sustainable agriculture valuing diversity and ecosystem Based on these negative consequences of industrial 
services such as diversified farming systems (e.g., Hill et al. agriculture on biodiversity, some changes in the practices have 
2019). Agricultural ecosystems would be appropriately been recommended (e.g., Dycks et al. 2016, Zhang et al. 
sustainable when it is possible to maintain yields of different 2018). In addition and for a transition from industrial 
crops through space and time. agriculture to agroecology and organic production, other 

ial agriculture usually requires the constant 
addition of different biotic and abiotic components to sustain 
the yields. For example, seeds should be sown each season to 
obtain the crops; nitrogen and phosphorus are usually added to 
maintain soil fertility; and different chemicals products must 
be regularly applied to control weeds or pests (Fig.2). These 
practices require continuous inputs of energy (e.g., fossil fuel 
for machinery, transportation, etc.) to the system (Pengue 
2005). Therefore, the intensification and technified



practices can be applied such as crop rotations at the stand insect species or insectivorous birds that control insect 
level, winter cover crops to diminish soil loss, reforestation of populations.
the basin headwaters,  reducing the use of  chemical pollutants (e) The aesthetic value of the landscapes is adversely 
to handle weeds and pests. In the long term, crop affected, when they are simplified by monocultures.
diversifications with organic production could be the best (f) The dispersion of fruits and seeds of many native species 
option in terms of food quality, biodiversity conservation and will be decreased, as the richness and abundance of 
human health. These practices should be evaluated  in animals (such as birds and mammals) are diminished in 
environmental and socio-economic terms because they are the landscape.
considering future human generations. (g) The natural regeneration of relatively little native forest 

The results of various scientific studies in different parts within the socio-agroecosystems is lost with decline in 
of the world show that the more diversified an agricultural biological interactions related to their reproduction.
ecosystem is, the more stable it will be, enabling its 
sustainability over time (IPBES 2016). Therefore, it is POLLINATION AS AN ECOSYSTEM SERVICE— 
important to diversify agricultural production (for example, Pollinators play a very important role in our well-being, since 
combine different crops with livestock, fruit, forestry, etc.) they contribute with pollination of many crops but mostly for 
and also mix them with different natural environments in plant reproduction and biodiversity conservation (IPBES 
the landscape. Biodiversity in the agricultural landscapes 2016). Around 75 per cent of our food crops and almost 90 per 
acquire great importance for the conservation of many groups cent of wild flowering plants depend in some way on animal 
of organisms beneficial for the proper functioning of pollination (IPBES 2016). For example, some crops such as 
agricultural ecosystems and provisioning of the ecosystem seeds of coffee, cocoa, or almonds; fruits apples, watermelons, 
services. and berries); and vegetables (tomato, eggplant or pumpkins) 
WHAT ARE ECOSYSTEM SERVICES?—Ecosystem depends, more or less, on pollinators (IPBES 2016). In 
services are natural processes that involve the different biotic addition, pollinators also contribute to the production of 
and abiotic components of the landscape (mentioned above), numerous seeds that are not directly consumed by humans, 
directly or indirectly benefiting humans and other co- such as those for animal feed or fibres. These crops provide 
inhabitants. In agriculture, ecosystem services include very nutrition, employment and income to millions of people, 
important processes such as pollination of many crops which are particularly important to rural communities of many 
(Fig. 4 A, B), maintenance of soil fertility, decomposition of regions of the world dependent on agriculture for their 
organic matter or inorganic products, clean water production, subsistence (Hill et al. 2019).
flood reduction, among others. In addition, ecosystem Some crops can produce fruits and seeds through adding 
services include aesthetic (such as having a pleasant managed bees (i.e, honey bees, bumblebees or species of 
environment to live or visit) and recreational (swimming, solitary bees; Freitas et al. 2010). However, many other crops 
walking, bird watching) benefits for people who live or transit cannot be properly pollinated by these insects and need other 
through a particular landscape (Fig. 5 A, B). wild pollinators. For example, passion fruit (Passiflora  

edulis; Bezerra et al. 2019), ; WHAT ECOSYSTEM SERVICES COULD BE LOST 
Cavalcante et al. 2018), among other crops, depends entirely W I T H  T H E  P R E D O M I N A N T  M O D E L O F 
on pollinators because these species are self-incompatible INDUSTRIAL AGRICULTURE?—Many ecosystem 
(Fig. 6 A, B). Moreover, other crops, such as pumpkins or services would be negatively affected if industrial agriculture 
watermelons, produce male and female flowers and persists, such as :
pollinators play a fundamental role in mediating pollen (a) Soil fertility cannot be maintained because of 
transport for the production of these fruits (e.g.,   consequential increase in soil erosion, soil salinization, 
et al. 1998, ). With these few examples of temporary or permanent flooding, etc. waterlogging due 
the ecosystem service of pollination, it is clear that the to deforestation and poor watershed management 
conservation of pollinators and the well-being of humans are increase.
closely related.(b) The hydrological resilience of natural and cultivated 
T H R E AT S  T O  P O L L I N AT O R S  A N D  T H E  ecosystems is difficult to be assured, mainly because 
POLLINATION SERVICEdeforestation altering water cycles and the level of the 

There is an accelerated disappearance of pollinator water table.
species, as well as a gradual decrease in their population size. (c) Crops dependent on pollinating animals will be 
Such a trend seems to be spreading throughout the planet, decreased, when native pollinators are lost and honey bee 
although the available data are scattered at the continental hives are moved to other regions.
level (IPBES 2016). Key threats to pollinators include (d) Biological control of crop pests can be decreased, by 
industrial agriculture, climate change and the spread of alien reducing the richness and abundance of many beneficial 

Brazil nut (Bertholletia excelsa

Stanghellini
Artz and Nault 2011
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Fig. 1. – A. A very simplified and homogeneous corn stand. B. A landscape aerial view of a comparatively complex and heterogeneous 
socio-agroecosystem. Fig. 2.– Application of agrochemicals in a cultivated stand. Fig. 3.– Crop pollination by honeybees in A. sunflower and B. 
soybean. Fig. 4. - A. Floods and B. soil salinization are increased due to industrial agriculture.  Fig. 5.– A and B. Examples of different sites 
immersed in intensified agricultural landscapes of central Argentina showing aesthetic and recreational ecosystem services provided by 
agroecosystems. Fig. 6. - Xylocopa spp. visiting A. Passiflora edulis and B. Bertholletia excelsa.
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species (Potts et al. 2010, IPBES 2016, Powney et al. 2019). modification of some agricultural practices. It has been shown 
Intensive industrial agriculture may be one of the main threats that a greater variety of plants and flowers near the crops is 
to the conservation of pollinators, as it implies natural habitat related to the presence of a more diverse pollinator assemblage, 
loss by planting large crop monocultures, and with the which in turn increases the pollination of many cultivated 
increasing use of agrochemicals, such as herbicides and species (e.g., 
insecticides (IPBES 2016; Dycks et al. 2016). Another . Leaving corridors with spontaneous 
important risk for the diversity of native pollinators is due to vegetation between the crop fields and connecting with native 
managed pollinators such as honey bees or bumblebees. The woody vegetation helps to maintain the diversity of pollinators 
number of beehives in  the  entire world has grown in recent in the region, as they allow them to move around to find feeding 
decades, and  colonies of some species of bumblebees and nesting sites throughout the year. 
(Bombus) for the pollination of tomatoes, eggplants or peppers It is very important to promote socio-political and legal 
has also intensified. The honey bee and bumblebees can instruments that help governments apply incentives to those 
transmit parasites to native pollinator species, including producers who opt for sustainable, diversified, and less toxic 
Nosema and the varroa mite (e.g., Schmid-Hempel et al. 2014, agriculture (Dycks et al. 2016). Improving regulations to (i) 
Maggi et al. 2016). In consequence, there are regions, such as reduce the use of agrochemicals, (ii) increase integrated pest 
southern Chile and Argentina, where populations of native management, and (iii) implement subsidies for farmers who 
pollinators decline drastically due to the introduction of exotic diversify their production in small stands and/or to expand 
bumblebees (Aizen et al. 2019). areas with natural vegetation to serve as biological corridors, 

It is necessary to introduce modifications in the will contribute to preserving pollinators in the agro-
agroecosystem management to solve some of those pollinator ecosystems and achieving food sovereignty and nutrition 
threats, working at different landscape scales and considering quality. 
biodiversity complexity. Sustainable management offers the 
chance to maintain or increase biodiversity and ecosystem 
services. This integration for the socio-agroecosystem This approach is trans-disciplinary, 
management is not simple since it requires continuous multidimensional and strategic because it promotes equity, 
dialogues between different social actors. This is particularly socio-environmental well-being and food sovereignty.
important when socio-environmental conflicts have CONSERVATION AND ENVIRONMENTAL 
intensified due to current industrial agricultural practices ETHICS—Equally important to conserve pollinators and 
(Leguizamon 2014, Zhang et al. 2018). For example, pollination services would be the necessary reflections on 
individual decisions at the farm level may have unwanted environmental ethics that are being promoted (Galetto et al. 
direct or indirect effects on neighboring stands of the same 2019). Conservation of biodiversity will be very difficult if the 
landscape (for example, loss of biodiversity, flooding in the environment is monetized continuously. On the contrary and if 
basin, etc.). Therefore, it is very important to integrate societies recognize that pollinators are part of our food 
decisions with a landscape-scale perspective to increase the production system and of our well-being (i.e., humans co-
resilience of socio-agroecosystems, reducing the chances of inhabit with the rest of organisms; Galetto et al. 2019), it will 
conflicts and environmental disturbances. be possible to develop new agricultural practices promoting 

BIOCULTURAL CONSERVATION—Some cultures the conservation of pollinators and pollination. This different 
have perceived and valued pollinators for millennia and that is approach in the environmental ethics will improve the 
why they have been able to manage the environment with production and nutritional quality of agricultural products, 
sustainable criteria (Hill et al. 2019). In general, it is well while protecting the environment, pollinators and the 
documented that indigenous populations or local cultures pollination process.
have developed a holistic environmental management. In this Usually conflicts occur within societies because there are 
way, different environments of the landscape, such as farms, different worldviews among social actors, through which they 
home gardens and natural environments are conceptualized in interpret information and define how they act in their 
an integrated manner. This view can be evidenced through environment. For example, the same ecosystem service can be 
different rituals about the fertility of the land and community highly valued by some social actors and not by others. In 
criteria that integrate humans with biodiversity and consequence, it is important to analyze the different ways in 
management of the environment. Practices based on which a society defends and prioritizes values to understand 
indigenous and local knowledge can be a source of solutions to its mode of interaction with nature (i.e., environmental ethics), 
current agricultural challenges and to pollinator threats (Hill et and then evaluate management alternatives and conservation 
al. 2019). modes even beyond current environmental legislation.

One of the main policy options would be the protection of In general, western societies have a very strong cultural 
the natural environments where pollinators live and the base on liberalism, although a plurality of worldviews and 

Holzschuh et al. 2012, Korpela et al. 2013, 
Garibaldi et al. 2017)

Food is a vital resource for humans (in terms of both 
energy and culture), being a fundamental human right and a 
natural resource involving multiple and complex systems 
(Vivero-Pol 2019). 
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ways of inhabiting the natural world coexist throughout the social actors, among other factors. The ways in which humans 
world (Quezada-Euán et al. 2018, Hill et al. 2019). Therefore, understand and value the world (worldviews) are linked with 
a variety of criteria are available regarding how to crop and the ways they live and inhabit the world (ethics).
why conserve biodiversity, which are linked to different Socio-agroecosystem conservation needs to match 
environmental ethics (Galetto et al. 2019). For example, when sustainable agriculture, changing practices and mainly 
an instrumental or utilitarian valuation of nature recognizing the way in which we value, perceive and act in 
predominates, the most important value will be the crop yields nature. The eco-social modifications need to be considering 
(the money obtained from the socio-agroecosystem). humans co-inhabiting a territory and maintaining biodiversity 
Accordingly, agricultural practices are thought to achieve this and the ecosystem services associated with common goods. 
goal with negative consequences to the natural environment, Therefore, it would be necessary to involve the different 
including pollinators. Under that view, environmental debts social actors in decision making, using the available evidence 
are not discounted (for example, loss of soil nutrients, on different practices and recognizing a plurality of values 
pollution, soil salinization, floods, biodiversity loss, related to the different options for the management and 
generation of new weeds, biological invasions) because of the conservation of socio-agroecosystems. This knowledge need 
instrumental-economic objectives. Nevertheless, when larger to be integrated for (i) solving complex environmental 
spatial and temporal scales are considered, it will be clear that problems, (ii) predicting social conflicts and environmental 
this natural capital cannot be preserved in the long term consequences of the different ways of perceiving and 
because of the gradual and irremediable deterioration of inhabiting the world, (iv) rethinking our ways of relating with 
agroecosystems. nature to navigate this socio-environmental crisis.

Under different worldviews, goods and products that can Societies need to preserve common goods (therefore it is 
be obtained from diversified socio-agroecosystems are linked necessary to know and value them) and conserve biodiversity 
with intangible ecosystem services that cannot be bought and to guarantee human well-being. This implies dislocating the 
sold (for example, common goods such as nutrient epistemological referents validated as universals by 
decomposition and cycling, evapotranspiration, soil modernity, which is the most complex thing to change. We 
formation, quantity regulation and water supply quality, need to achieve the transformation of the territory with all the 
pollination and seed dispersal of native plants, oxygen co-inhabitants based on a new sustainable, dignified and 
production, climate regulation, etc.). These ecosystem emancipatory cognitive view.
services are essential for human life and well-being, being part 
of the commons.

These examples showed that ecosystem services can be 
(or not) perceived and valued under some worldviews but not 
for others, implying huge differences in the environmental 
ethics beyond them (Galetto et al. 2019). There are many Smith Ramírez C, Morales CL, Vieli L, Sáez A, 
scientific studies that highlight a close relationship between Barahona Segovia RM,
biodiversity conservation and the proper functioning of 
agroecosystems (IPBES 2016). Therefore, even from a 
monetary and utilitarian point of view, the protection of native 
communities and the biotic integrity of socio-agroecosystems 
are widely justified. It is important to recognize that there is a 
diversity of ways of perceiving and living in the world, 
diversifying the criteria that guide political, economic and 
environmental decision making. Alternatives to the neoliberal 
model indicate new possibilities to diversify the predominant 
socio-political view based on the free market economy, 
although its prevalence constitutes only a historical Bezerra ADM, Pacheco Filho AJ, Bomfim IG, Smagghe G and 
contingency. Freitas BM 2019 Agricultural area losses and pollinator 

mismatch due to climate changes endanger passion fruit 
CONCLUSIONS

production in the Neotropics. Agricult. Syst. 169 49-57.
What human populations do in the environment is based 

Cáceres DM 2015. Accumulation by Dispossession and 
on decisions and actions that depend not only on the available 

Socio-Environmental Conflicts Caused by the Expansion 
resources but also on the social organization, on the type of 

of Agribusiness in Argentina. J. Agrar. Change 15 
technologies used, on the values and beliefs of the dominant 

116–47.
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