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A�������. The conservation status of pollinators and pollination in Latin America (LA) is reviewed. The 
knowledge regarding native and managed pollinators (e.g., honeybee and stingless bees) and pollination 
services was synthetized, and the guidelines to improve the opportunities for conservation are provided, 
considering the threats to pollinators and the perspectives from traditional and local knowledge. The analysis 
indicates that diverse threats (e.g., large-scale agriculture, deforestation, overuse of agrochemicals) are linked 
with pollination and pollinator decline, which affect the reproduction of most native plants and the yields of 
many crops. LA harbours the highest bee diversity worldwide, with 26% of the total recorded species, and 
it is a biodiversity hotspot of vertebrate pollinators, including hummingbirds, perching birds, nectarivorous 
bats and other mammal pollinators. Specific recommendations to conserve native pollinators and to improve 
pollination services are provided, which could be considered by stakeholders and governments aiming to 
elaborate biocultural conservation. For example, introducing policies and legal responses for incentives to help 
farmers maintain natural habitats and forests, to replace or reduce agrochemicals and to improve diversified 
crop production with agroecological practices; refining agrochemical regulations to minimize the exposure of 
pollinators to insecticides and herbicides; improving knowledge and education on pollinators and pollination 
gives societies worldwide the opportunity to change current hegemonic agricultural practices and consumption 
pa�erns; integrating different land ethical views of ethnic minorities on a sustainable relationship between 
production and biodiversity. A wider view combining social, ecological, cultural dimensions may support be�er 
decision making. This holistic socio-agroecological perspective is urgently needed to conserve and manage 
pollinators at different spatial and temporal scales, and to integrate pollination services, pollinator-friendly 
habitat management approaches and diversified farming systems.

[Keywords: biodiversity, environmental policies, pollination deficit, pollinator decline, pollination services, 
traditional local knowledge]

R������. Riesgos y oportunidades asociados a la conservación de los polinizadores y a la gestión de los 
servicios de polinización en América Latina. Se realizó una revisión sobre el estado de conservación de los 
polinizadores y la polinización en América Latina (LA). Se presentan pautas para mejorar las oportunidades de 
conservación, considerando las amenazas a los polinizadores y las perspectivas desde el conocimiento tradicional 
y local. El análisis indica que diversas amenazas (e.g., agricultura a gran escala, deforestación, uso excesivo de 
agroquímicos) están vinculadas con la disminución de polinizadores, afectando la reproducción de las plantas 
nativas y los rendimientos de muchos cultivos. LA alberga la mayor diversidad de abejas en todo el mundo 
y una gran diversidad de polinizadores vertebrados (e.g., colibríes, aves de percha nectarívoras, murciélagos 
nectarívoros y otros mamíferos). Se proporcionan recomendaciones para proteger los polinizadores nativos y 
mejorar los servicios de polinización, las que podrían ser consideradas por los tomadores de decisiones y así 
promover la conservación biocultural. Por ejemplo, desarrollar instrumentos legales, políticas e incentivos para 
ayudar a los agricultores a mantener los hábitats naturales, para reemplazar o reducir el uso de agroquímicos y 
para promover las prácticas agroecológicas; perfeccionar las reglamentaciones sobre aplicación de agroquímicos 
para minimizar la exposición de los polinizadores a insecticidas y herbicidas; mejorar la comunicación pública 
del conocimiento sobre los polinizadores y la polinización para incentivar un cambio en las prácticas agrícolas 
hegemónicas y los patrones de consumo actuales;  considerar otras éticas ambientales de las minorías étnicas 
para enfatizar la necesidad de promover una relación sostenible entre producción de alimentos y biodiversidad. 
Se necesita urgentemente una visión más amplia que combine las dimensiones sociales, ecológicas y culturales 
para una mejor toma de decisiones. Esta perspectiva socio-agroecológica holística es importante para conservar 
y gestionar los polinizadores a diferentes escalas espaciales y temporales, y para poder integrar los servicios 
de polinización con enfoques de gestión del territorio favorables a los polinizadores y con sistemas agrícolas 
diversificados.

[Palabras clave: biodiversidad, políticas ambientales, déficit de polinización, disminución de polinizadores, 
servicios de polinización, conocimiento local tradicional]
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I�����������
Pollinators provide a wide spectrum of 

benefits that support human well-being, as 
they contribute to maintain the populations of 
most wild plants by securing their reproduction 
and promoting their genetic diversity (IPBES 
2016). Furthermore, pollinators promote fruit 
and seed set of many crops that feed humanity 
with vital micronutrients (e.g., vitamins, 
minerals, carotenoids), while also play an 
important role in the integrity of ecosystem 
functioning of natural habitats (e.g., Eilers et 
al. 2011; Smith et al. 2015; Ghosh and Jung 
2018). In addition, pollinators are deeply 
related to cultural and spiritual values of 
human communities (IPBES 2016; Quezada-
Euán et al. 2018; Hill et al. 2019).

Most pollinators are insects, such as bees, 
flies, butterflies, moths, wasps, and beetles, but 
also include perching birds, hummingbirds, 
bats and other mammals (e.g., Buchmann 
and Nabhan 1996; Kevan 1999). Bees are 
considered the most important group of flower 
visitors because they pollinate 40-50% of all 
angiosperms; some can be managed for use 
in agriculture in Latin America (LA) (Freitas 
et al. 2009; IPBES 2016), such as the exotic 
honeybee (Apis mellifera) and many native 
bees (Vandame and Palacio 2010; Giannini 
et al. 2015; Maggi et al. 2016). For example, 
different bee species pollinate 66% of the 
Brazilian crops (Wolowski et al. 2019).

Latin America (all countries from South and 
Central America, the Caribbean and México) 
includes unique and impressive tropical, 
subtropical and temperate biomes with high 
landscape heterogeneity, supporting great 
natural and cultural diversity (e.g., Quezada-
Euán et al. 2018). At the same time, LA shows 
deforestation rates close to global levels, 
with Brazil and Indonesia accounting for a 
great amount of tropical forest loss between 
1980 and 2005 (Achard et al. 2002). A forest 
loss of >50 Mha was registered in LA for the 
period 2001-2011, with more than 30 Mha of 

deforestation occurring in Brazil (Pendrill 
and Persson 2017). Latin America is also a 
great global producer of commodities (i.e., a 
raw material or primary agricultural product 
that can be bought and sold in international 
markets, such as soybean, maize or coffee), 
with vast areas of natural vegetation converted 
into agricultural farmlands (e.g., Lapola et al. 
2014; le Polain de Waroux et al. 2018). High 
and continuous deforestation was registered 
in Chile, Argentina, Ecuador, Paraguay, Brazil 
and México during the period 1980-2010, 
with the expansion of agriculture and cattle 
grazing lands as the mainly direct drivers 
(Armenteras et al. 2017). This scenario implies 
the occurrence of socioecological trade-offs 
affecting nature and people through many 
threats. For example, rapid land use changes 
drive the loss of biocultural diversity through 
habitat destruction and fragmentation, which 
impact many ecological processes (Grez and 
Galetto 2011). In addition, direct (i.e., those 
determining habitat loss) and indirect (i.e., 
those non-targeted harms also affecting 
biodiversity) threats for pollinators also 
exist, including the intensification of large-
scale agriculture, the increasing application 
of pesticides, and the occurrence of invasive 
species, pathogens and climate change 
(Freitas et al. 2009; Vandame and Palacio 2010; 
Giannini et al. 2017; FAO 2019; Wolowski et al. 
2019), which can additively trigger pollinators 
decline and pollination deficits among native 
plants and many crops (Lopes et al. 2009; 
Ferreira et al. 2015; Hipólito et al. 2018). 
The increases in pesticide application have 
been markedly different among continental 
regions (Vryzas et al. 2020). In Europe and 
North America, the total amount of pesticide 
application per year was stable between 1990 
and 2018 (around 0.45-0.50Mton/year), but 
continuous increases were registered in Africa, 
Asia and Central America (25, 95 and 97%, 
respectively), and markedly in South America 
(>480%) (FAO 2019).

Decision-making processes involve the 
values, beliefs and perspectives of different 
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social actors, with conflicts arising from 
the disputed habits on the environment 
(Rozzi 2013). Nevertheless, which values 
are highlighted or obscured may change 
according to the perspectives of the different 
stakeholders (Galetto et al. 2019). Many 
economic and environmental indicators 
cannot capture the benefits of pollinators 
and pollination for humans or the full costs 
of intensified agriculture because they 
mainly focus on crop yields and disregard 
environmental externalities (Galetto et 
al. 2018; Hill et al. 2019). However, sound 
decision making should reflect the plurality 
of the values and perspectives of the societies 
in which it occurs. 

Developing nations usually rely on 
extractive land uses (e.g., industrial forestry 
and agriculture and large-scale mining) 
for the economic development of a minor 
proportion of the society by accumulation 
by dispossession (Harvey 2003), causing 
the conversion of natural ecosystems to new 
landscapes, threatening biodiversity and 
affecting mostly people with low incomes 
(Cáceres 2015; Pengue 2016). Therefore, seeking 
a more sustainable and socially fair transition 
pathway from this model becomes an issue 
of primary importance (Pengue 2005; Pengue 
and Altieri 2005). The consideration of the 
status of pollinators and the threats affecting 
pollination and the food production system 
in LA may lead to improved biodiversity 
conservation in developing countries.

Briefly, we review the evidence regarding 
the status, trends and threats for pollinators 
and pollination services in LA, integrating 
responses from different cultural views and 
values. For this reason, we include some 
perspectives developed according to the 
traditional and local knowledge (TLK) of 
Latin American cultures regarding pollinators, 
pollination and ecosystem management. 
We highlight the particularities of the 
conservation of pollinators and pollination 
services in this megadiverse region because 
it is threatened by different drivers; 
nevertheless, TLK could be part of the 
solution, specifically when considering diverse 
biocultural and socioeconomic contexts. We 
summarize knowledge gaps and propose 
some recommendations to improve the 
management and conservation of pollinators 
and pollination. We argue that the lessons 
and management implications regarding the 
trade-offs, risks and opportunities related to 
pollinators and pollination in LA may also be 

useful elsewhere because the megadiverse 
tropical and subtropical regions of the world 
mostly occur within countries producing 
commodities linked to biodiversity loss.

D�������� �� ����������� ��� 
��������� ������

Wild pollinators depend on native plants for 
foraging (Figure 1), nesting and reproduction, 
indicating that complex ecological interactions 

Figure 1. Pollinators of native, exotic-invasive plants 
and some crops in Latin America. (A) Heliomaster furcifer 
visiting flowers of Dolichandra cynanchoides. (B) Wasps 
(Scoliidae) on the exotic-invasive Carduus sp. (C) Apis 
mellifera on sunflower. (D) Apis mellifera on soybean. 
(E) Plebeia minima (mosquito bee) in a male Euterpe 
oleracea (açai or assai) flower (photo credit: Cristiano 
Menezes). (F) Stingless bees (Meliponina) in Myrciaria 
dubia (camucamu) flowers. (G) Trigona pallens (stingless 
bee) in Theobroma grandiflorum (cupuassu) flower. 
(H) Xylocopa frontalis (carpenter bee) in Bertholletia 
excelsa (Brazil nut) flower.
Figura 1. Polinizadores de plantas nativas, exóticas 
invasoras y algunos cultivos en Latinoamérica. (A) 
Heliomaster furcifer visitando flores de Dolichandra 
cynanchoides. (B) Avispas (Scoliidae) en flores de una 
especie exótica-invasora de Carduus sp. (C) Apis mellifera 
en flores de girasol. (D) Apis mellifera en una flor de 
soja. (E) Plebeia minima (abeja mosquito) en una flor 
masculina de Euterpe oleracea (açai or assai) (crédito: 
Cristiano Menezes). (F) Abeja sin aguijón (Meliponina) 
en flores de Myrciaria dubia (camucamu). (G) Trigona 
pallens (abeja sin aguijón) en flores de Theobroma 
grandiflorum (cupuassu). (H) Xylocopa frontalis (abeja 
carpintera) en flores de Bertholletia excelsa (nuez de Pará 
o nuez de Brasil).
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exist at the landscape level. Latin America 
shows one of the highest plant species 
richness, mainly for tropical and subtropical 
forest biomes (Kier et al. 2005). This evidence 
for plant richness is relevant for the estimation 
of pollinator richness in LA because Ollerton 
(2017), when analysing data from 65 sites 
around the world, showed a strong positive 
correlation between the number of plant 
species in a given community and the number 
of associated flower visitors (see Figure 4 of 
Ollerton 2017). Although a great pollinator 
richness is hypothesized based on this base 
(Kier et al. 2005; Ollerton 2017), there is 
scattered recorded evidence for different 
groups of pollinators in LA. For example, 
LA harbours the highest bee diversity 
worldwide, with 26% of the >20000 recorded 
species (Orr et al. 2021). South America is 
also a biodiversity hotspot of vertebrate 
pollinators, such as mammals and birds 
(Jenkins et al. 2013), including hummingbirds, 
perching birds, nectarivorous bats and other 
mammal pollinators (Buzato et al. 2012). 
Hummingbirds form a diverse group, with the 
highest richness in South America (McGuire et 
al. 2014), capable of foraging among a variety 
of flowers (Figure 1 a) and habitats (Arizmendi 
et al. 2016). Moths are a well-studied group 
of pollinators of the Sphingidae family with 
a global richness of 1400 species, with >300 
species registered in South America (Avila 
et al. 2012; de Camargo et al. 2018). A recent 
review on the number of cases of double 
mutualisms (pollination and seed dispersal) 
in the different biogeographic regions of the 
word showed that the Neotropical region 
registered 44.3% of the cases, which positively 
impact on the ecosystem functioning (Fuster 
et al. 2019).

Bees are involved in the pollination of most 
native and exotic plant species (Figure 1 b-
h), but also of many crops (Figure 1 c, d, h) 
(Freitas et al. 2009; Giannini et al. 2015; Klein 
et al. 2020). Native bees can be found in every 
known biome all over LA. A major problem 
is the lack of information on their richness, 
diversity, taxonomy, distribution, population 
dynamics and the impacts of human activities 
(Moure et al. 2007; Freitas et al. 2009; Orr et 
al. 2021). Some of the difficulties that impede 
identifying diversity baselines for pollinators 
and, consequently, their conservation 
management could be related to the hyper-
diverse plant-pollinator communities, 
combined with the scant financial resources 
available to support scientific work and the 

implementation of taxonomic inventories 
(Yurrita et al. 2017). Moreover, there is 
comparatively scarce knowledge on the 
plant-pollinator interactions or regarding their 
specific threats. Nevertheless, nectarivorous 
bats and hawkmoths involved in pollination 
are mostly found in old-growth forests 
(Gonçalves et al. 2017), and most of the 
conservation challenges faced by these groups 
are related to deforestation. At the same time, 
the highest number of data-deficient species 
occurs in the Amazon basin (Frick et al. 2019). 
Bats, however, provide ecosystem services of 
major socio-economic importance by, for 
example, pollinating crops (e.g., Stenocereus 
queretaroensis) in semi-arid regions as the 
columnar cacti in central México (Tremlett et 
al. 2020). Recently, in Colombia, the fauna of 
nectarivorous bats is being known in different 
regions of the country, as well as data on their 
interaction with plants (Mantilla-Meluk et al. 
2014; Mora-Beltran and López-Arévalo 2018; 
Echavarría et al. 2018). This has made people 
know the importance of these organisms 
as pollinators and does not continue to 
exterminate them.

C������ ������ �� ������� ����
Currently, only a few native bees are managed 

in LA (mostly stingless bees; see below). 
Like elsewhere, the introduced Honeybee 
(Apis mellifera) is the most widely used bee 
species. Beekeeping thrives throughout LA, 
and countries such as Argentina, México 
and Brazil are among the world’s largest 
honey producers and exporters, despite poor 
colony management (IPBES 2016; Maggi et 
al. 2016). A recent review on honeybee health 
in five countries (Argentina, Chile, Uruguay, 
Brazil and Venezuela) analysed colony losses 
and causes of colony mortality. The study 
showed that colony losses per year ranged 
from 30 to 35% for professional beekeepers 
(up to 50% for nonprofessional beekeepers) 
with no single explanation, possibly because 
there are different stressors that synergistically 
interact (Maggi et al. 2016). Varroa destructor 
prevalence (estimated for adult bees) and 
honeybee viral diseases seem to be the main 
stressors affecting 20 to 100% of the colonies 
(Maggi et al. 2016). Although pollination by 
honeybees improves agricultural crop yields 
and could improves the financial incomes of 
beekeepers by increasing honey production 
and by hive rental revenues, in general and 
with a few exceptions, these benefits have 
been neglected in LA because beekeepers are 
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more interested in honey production than in 
moving their hives for agricultural pollination 
(e.g., Dos Santos et al. 2018).

In addition to beekeeping with Apis mellifera, 
the production of honey has been practiced 
with different species of native stingless bees 
by civilizations such us the Nahuatl and Maya 
from México since pre-Columbian times 
(Quezada-Euán et al. 2001). Recently, studies 
of stingless bees (e.g., Bomfim et al. 2014; Viana 
et al. 2014) as well as bumble bees (e.g., Torres-
Ruiz and Jones 2012) and solitary bees (e.g., 
Magalhães and Freitas 2013) for the pollination 
of different crops are steadily increasing 
across LA. However, the dependence on 
wild populations can become a threat for the 
conservation status of species used for crop 
pollination. The development of techniques 
to breed, to manage, and to promote quick 
population growth of these pollinators are 
needed. For instance, the increasing popularity 
of stingless bees has quick rise in the demand 
for colonies which surpasses the supply from 
managed populations. Stingless beekeeping 
practices still need to be better developed, 
particularly in terms of mass reproduction of 
colonies (Jaffé et al. 2016).

C��� ���������� �� ���������� 
��������

Provisioning resources and ecosystem 
services (ES) are essential to human societies, 
and the trade-offs between pollination and crop 
yield are thus a major concern. Large regions 
and biomes have suffered dramatic land use 
changes mainly due to large-scale agriculture, 
which is supported by various laws approved 
by LA governments (e.g., for transgenic crops, 
seed patents and agrochemicals) (Leguizamón 
2014; Pengue 2016). In LA, the land area 
devoted to agriculture has expanded by 
ca. 130% since 1961 (Figure 2). Nearly 70% 
of this growth is related to the cultivation 
of pollinator-dependent crops (Figure 2), 
mostly soybean (Glycine max) (Figure 1 d). 
The cultivation of soybean has increased 
dramatically, accounting for approximately 
65% of the expansion of land used for 
agriculture over natural habitats (Figure 3). 
Some soybean varieties can increase in yield 
by 18 to 50% when the flowers are visited 
by bees (e.g., Milfont et al. 2013; Huais et al. 
2020). Overall, the expansion of large-scale 
agriculture has decreased biodiversity in 
general, and pollinator diversity in particular 
(IPBES 2016; Dycks et al. 2021).

Figure 2. Expansion of agricultural land devoted to 
pollinator-dependent and nondependent crops during 
recent decades in Latin America. The most abundant 
pollinator-dependent crop in 2016 was soybean, 
explaining the large increase in the pollinator dependence 
of LA agriculture. In 1961, this crop accounted for only 
0.4% of the total agricultural land, whereas in 2016, 
this percentage increased to 36.7%, mostly through the 
conversion of natural habitats.
Figura 2. Expansión de tierras agrícolas dedicadas a 
cultivos dependientes y no dependientes de polinizadores 
durante las últimas décadas en América Latina. El cultivo 
dependiente de polinizadores más abundante en 2016 fue 
la soja, lo que explica el gran aumento en la dependencia 
de polinizadores de la agricultura latinoamericana. En 
1961, este cultivo representaba sólo 0.4% del total de tierras 
agrícolas, mientras que en 2016, este porcentaje aumentó 
al 36.7%, principalmente a través de la conversión de 
hábitats naturales.

The cultivated area of several cash crops with 
high market value and great dependence on 
pollinators has increased from one- to three-fold 
in LA during the last five decades (FAOSTAT 
2017). For example, the Brazil nut (Bertholletia 
excelsa) and the açaí palm (Euterpe oleracea) are 
cultivated in the Amazon region, and crop 
production is dependent on native bees as 
pollinators (Campbell et al. 2018; Cavalcante et 
al. 2018; Bezerra et al. 2020) (Figure 1 h). Some 
species of passionflower, such as passion fruit 
(Passiflora edulis f. flavicarpa), are clear examples 
of the dependence of an industrial crop on the 
presence of wild bees to increase productivity 
(Camilo 2003; Calle et al. 2010; Yamamoto et 
al. 2012). In particular, passion fruit presents 
self-incompatibility and flowers need to be 
visited and pollinated by large bees, such as 
carpenters of the genus Xylocopa, to produce 
fruits. In Colombia, research has been carried 
out on other passion flowers, which represent 
sources of income for local communities, such 
as the cholupa (Passiflora maliformis), which is 
the only fruit with denomination of origin-
protection in the country. Like other passion 
flowers, this species depends on bees, A. 
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mellifera being the most frequent, but not the 
most effective pollinator. Large bees such as 
Xylocopa, Centris and Epicharis, among others, 
manage to contact the reproductive structures 
of the flowers, ensuring their complete 
pollination with just one visit (Ospina-Torres 
et al. 2010).

Although most crops can benefit from the 
presence of diverse pollinator assemblages, 
pollinator-dependent crops in conventional 
agricultural landscapes rely mostly on 
managed and feral honeybees for pollination 
(e.g., grapefruit [Chacoff and Aizen 2006], 
sunflower [Sáez et al. 2012], apple [Viana et 
al. 2014; Geslin et al. 2017], canola [Witter et 
al. 2015; Mazzei et al. 2021], coffee [Hipólito et 
al. 2018; Giannini et al. 2015], melon [Bomfim 
et al. 2014] and cucurbit [Bomfim et al. 2016]), 
mainly because intensified agricultural 
practices do not include the creation of 
pollinator-friendly landscapes.

T���������� ����� ��������� �� 
����������� ��� �����������

In recent years, attention has been paid to 
the value and protection of native bees and 
other pollinators, with an increased interest 
in TLK associated with biodiversity and 
crop production (IPBES 2016). Experience 
gained over centuries of interaction with the 

environment has shaped human knowledge 
across different groups and societies. As a 
result, the intricate link between ecosystem 
management and cultural values has 
produced rich and diverse TLK systems all 
over the world (e.g., Quezada-Euán et al. 
2018; Hill et al. 2019). Traditional and local 
knowledge is particularly widespread in LA; 
local communities have been able to identify 
different bee species, their nests and a variety 
of honey types with different tastes and 
medicinal properties since at least 1400 years 
ago (Quezada-Euán et al. 2018 and references 
therein).

In particular, meliponiculture (beekeeping 
with stingless bees) has been performed 
for centuries by local communities in 
LA (Quezada-Euán et al. 2018). The TLK 
on stingless bees is important for the 
establishment of conservation strategies for 
many species because local communities can 
classify bees according to their morphological, 
behavioural and ecological characteristics, 
providing extensive TLK for environmental 
management (Carvalho et al. 2014). For 
example, TLK acknowledges that remnant 
environments with trees that form dense 
vegetation and with abundant water resources 
are preferred by stingless bees. Consequently, 
beekeepers maintain some of the native plants 
from such environments in their crop lands 
for bees (Carvalho et al. 2014).

Figure 3. Map of Latin 
America showing 
agricultural dependence 
on pollinators (i.e., the 
proportion of expected 
agricultural production 
loss in the absence of 
animal pollinators; 
categories depicted 
according to the coloured 
bar ) in 1961 and 2016 
based on the FAO dataset 
(FAOSTAT 2017).
Figura 3. Mapa de América 
Latina que muestra la 
dependencia agrícola de 
los polinizadores (i.e., la 
proporción de pérdida 
de producción agrícola 
esperada en ausencia de 
polinizadores bióticos; 
categorías representadas 
según la barra de color) 
en 1961 y 2016 según el 
conjunto de datos de la 
FAO (FAOSTAT 2017).
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Many indigenous cultures in LA know and 
use the environment on the basis of different 
agricultural practices that can benefit 
pollinators (Quezada-Euán et al. 2018). For 
example, local farmers use their TLK to 
manage useful plant resources (medicinal or 
edible native plants that are usually classified 
as weeds), maintaining a large variety of crops 
within their fields (beans, chili pepper, citrus, 
melon, papaya, squash, tomato, watermelon, 
etc., which depend on pollinators to produce 
fruits), indicating that small-scale agriculture 
can be compatible with the conservation of 
pollinator biodiversity, although indigenous 
and rural people do not perceive the 
relationships among weeds, pollinators and 
crop reproduction (Blanckaert et al. 2007). 
Indigenous communities in Central America 
relocate bees into fallow areas to accelerate 
both pollination and honey making; when 
forest stands have matured and trees have 
aged 10 to 25 years, bee colonies are located 
in this secondary forest to aid in pollination 
and to take advantage of the many flowering 
plant species (Diemont et al. 2011). This 
management of pollinators and bee colonies 
shows that agroforestry could be a component 
of landscape planning, sustainable production 
and biodiversity conservation. However, other 
indigenous communities in LA have perceived 
the continuous pollinator decline that has 
occurred during recent decades, including 
the risks regarding crop pollination and 
the implications for agricultural production 
(Quezada-Euán et al. 2018; Hill et al. 2019). 
Another example of the rescue of TLK 
about stingless bees was generated in the 
eastern plains of Colombia, with a work of 
recognition, learning and dissemination of 
traditional knowledge about Melipona favosa 
among the ‘llanera’, a community made up of 
25 families. The community is led by a man 
over 70 years old, whose knowledge of this 
stingless bee species was inherited from his 
parents and grandparents (Nates-Parra and 
Ramírez 2020).

These examples indicate that TLK regarding 
pollinators and pollination is complex and 
involves all beings in nature, including humans 
(Quezada-Euán et al. 2018; Hill et al. 2019). In 
some locations, bees are considered to be the 
beings that make possible the continuation of 
all life in the universe, and honey is associated 
with fertility and procreation (Falcheti and 
Nates-Parra 2002). It is important to recognize 
that scientific knowledge and TLK are usually 
developed under different epistemological 

and ethical understandings of human-nature 
relationships. In general, nature is perceived 
as a separate entity in Western societies and 
considered to be at humans’ service. Under 
a different view, indigenous societies see 
humans as a part of nature contributing to 
eco-social justice through the conservation of 
biological and cultural diversity (Galetto et al. 
2019). TLK and associated land-use practices 
complement scientific research, shedding 
light on new questions or perspectives and 
providing methods for managing pollinators 
within biodiverse agricultural systems. The 
huge differences in cultural perceptions of 
nature and pollinators must be integrated 
to improve the management of natural 
habitats.

T������ �� ��� ������������ �� 
����������� ��� �����������
Risks caused by deforestation and habitat 

fragmentation
Deforestation is a major threat affecting 

the conservation of pollinator diversity and 
pollination services in LA. Major biomes in 
Central (e.g., dry and humid forests) and 
South America (e.g., Amazonia, Atlantic 
Forest, Caatinga, Cerrado and Chaco) have 
suffered intense deforestation in recent 
years, mainly due to large-scale industrial 
agroforestry (Fehlenberg et al. 2017; Molin et 
al. 2017; Yanai et al. 2017). For example, when 
analysing deforestation rates per country in 
LA during the period 1990-2010, Argentina, 
Chile, Ecuador and Paraguay showed the 
highest deforestation rates (Armenteras et 
al. 2017). During the period 2001-2011, LA 
lost more than 50 Mha of forests, mostly in 
Argentina, Bolivia, Brazil, Colombia, México, 
Paraguay and Perú (Pendrill and Persson 
2017). When combining deforestation rates 
and the amount of forest loss for LA countries, 
a clear generalized picture can be evidenced 
with moderate to high deforestation for 
the entire region (Figure 4). The two main 
direct drivers explaining deforestation are 
agricultural expansion for crops and cattle 
raising (Armenteras et al. 2017; Pendrill and 
Persson 2017). Nevertheless, most countries in 
LA present one of these two drivers or both 
related to forest loss (Pendrill and Persson 
2017) (Figure 5). There are three hotspots of 
deforestation during the last 20 years, the 
Chaco biogeographic region in Northern 
Argentina, Bolivia and Paraguay, the Cerrado 
in Brazil and the Amazon. The Chaco and 
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the Cerrado regions lost vegetation cover 
mostly for the agriculture expansion and the 
Amazonia has been cleared for pasturelands 
(Pendrill and Persson 2017).

Industrial intensification of agroforestry 
focuses on increasing crop yield through 
external inputs such as pesticides (see below), 
fertilizers, fuel and irrigation, which do not 
necessarily provide greater human nutrition 
quality or food sovereignty, but severely 
threaten biodiversity (e.g., Leguizamón 2014; 
Cáceres 2015; Pengue 2016). For example, 
the effects of agriculture expansion and 
intensification have been estimated for animal 
diversity in the Pampas of Argentina, showing 
that birds and carnivores were more strongly 
affected than rodents and insects (Medan et 
al. 2011). Moreover, conventional agroforestry 
tends to downgrade conditions for pollinators 
because it usually reduces habitat connectivity 
and decreases the availability of their floral 
and nesting resources (Landaverde-González 
et al. 2017). A side effect of massive habitat 

destruction driven by large-scale agriculture 
(e.g., soybean and sugarcane cultivation) is 
habitat homogenization (Leguizamón 2016), 
pollinator decline (Potts et al. 2016) and 
pollination deficits (Cruz-Neto et al. 2018). 

Data for some regions regarding the 
consequences of land-use changes indicate 
that hummingbirds have declined due to 
habitat loss and fragmentation (Arizmendi 
et al. 2016). For example, 40% of the 58 
hummingbird species present in México are 
classified as vulnerable or endangered, and 
some of them are endemic (Arizmendi et al. 
2016). The same scenario was reported for 
nectarivorous bats, whose populations are 
also declining (Frick et al. 2019). Bats are 
functionally important since they play pivotal 
roles in various ecosystem services as seed 
dispersers and pollinators (Gonçalves et al. 
2017). The diversity of hawkmoths and social 
bees has also shown negative trends at a local 
scale with the decline in regional forest cover 
(Ferreira et al. 2015). The reduction of habitat 
quality and landscape heterogeneity causes 
species loss and erodes functional diversity, 

Figure 4. Map of Latin America showing the impact of 
deforestation rates and forest loss during the last decades 
using combined data from Armenteras et al. (2017) and 
Pendrill and Persson (2017). Countries in red exhibited 
high rates of deforestation and forest loss; in yellow, 
moderate rates of deforestation or forest loss, and in 
white, low rates of deforestation, or minor forest lost or 
data not available.
Figura 4. Mapa de América Latina que muestra el impacto 
de las tasas de deforestación y la pérdida de bosques 
durante las últimas décadas utilizando datos combinados 
de Armenteras et al. (2017) y Pendrill y Persson (2017). 
Los países en rojo exhibieron altas tasas de deforestación 
y pérdida de bosques; en amarillo, tasas moderadas de 
deforestación o pérdida de bosques, y en blanco, bajas 
tasas de deforestación, menores pérdidas de bosques o 
datos no disponibles.

Figure 5. Map of Latin America showing the main drivers 
of deforestation using data from Pendrill and Persson 
(2017). Countries in green exhibited deforestation mostly 
due to agriculture expansion; in yellow, mostly due to 
expansion for cattle grazing; in blue, due to both main 
drivers; no data available to countries in white.
Figura 5. Mapa de América Latina que muestra los 
principales impulsores de la deforestación utilizando 
datos de Pendrill y Persson (2017). Los países en verde 
exhibieron deforestación principalmente debido a la 
expansión de la agricultura; en amarillo, principalmente 
debido a la expansión de tierras para el pastoreo de ganado; 
en azul, debido a estos dos impulsores principales; para 
los países en blanco no hay datos disponibles.
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thereby affecting plant-pollinator networks 
(Lopes et al. 2009; Ferreira et al. 2015).

Risks caused by pesticide use
Pesticide use is recognized as one of the main 

threats for pollinators due to both lethal and 
sublethal effects (IPBES 2016). There is a 
dramatically increase in pesticide application 
in South America between 1990 and 2018 
(>475%) (FAO 2019) compared to Europe or 
North America (Figure 6). This phenomenon is 
particularly more impactful in those countries 
with huge areas of deforestation devoted to 
industrial monocultures (mostly soybean 
and maize) and cattle grazing (Figures 4 
and 5), such as Brazil and Argentina (Figure 

7) with increases of 660 and 650% for this 
period 1990-2018, respectively (FAO 2019). 
Although other countries in this region, such 
as Bolivia, Paraguay and Uruguay, did not use 
annually the amounts of pesticides as Brazil 
and Argentina, they also showed an important 
change during the same period, with increases 
of 490, 480, and 870%, respectively (Figure 8) 
(FAO 2019).

Agrochemicals can threaten pollinators, but 
the toxicity level depends on the concentration 
of the compounds, the species susceptibility 
and the level of exposure according to the spatial 
and temporal scale (Arena and Sgolastra 2014; 
Barbosa et al. 2015). A recent meta-analysis 
showed that stingless bees are more sensitive 
to various pesticides than honeybees (Arena 
and Sgolastra 2014). Riaño and Cure (2016) 
determined that the commercial formulations 
of three insecticides (imidacloprid, spinosad 
and thiocyclam hydrogen oxalate) are highly 
toxic for the workers of Bombus atratus, a 
neotropical species widely distributed in 
Colombia and considered an important 
pollinator of Andean agroecosystems. 
Nevertheless, most data are derived from 
laboratory studies with Apis mellifera, with 
comparatively less information on Bombus 
and stingless-bee species or on sublethal 
effects under field conditions and during large 
periods (Arena and Sgolastra 2014; Barbosa et 
al. 2015). Recently, some information on the 
effects of agrochemicals at environmentally 
relevant concentrations has been published for 
solitary bees (Graffigna et al. 2021; Mokkapati 
et al. 2021). For example, a field study in a 
Pampean agroecosystem (Argentina) showed 
that glyphosate influenced the behavior of 
the nesting females of wild solitary bees 
(Megachile spp.) and negatively affected their 
reproduction (Graffigna et al. 2021).

Figure 6. Annual pesticide applications (tons) during the 
period 1990-2018, comparing Europe, North and South 
America. Data source: www.fao.org/faostat/en/#data/
RP/metadata.
Figura 6. Aplicaciones anuales de plaguicidas (toneladas) 
durante el período 1990-2018, comparando Europa, 
Norteamérica y Sudamérica. Fuente: www.fao.org/
faostat/en/#data/RP/metadata.

Figure 7. Annual pesticide applications 
(tons) during the period 1990-2018, 
comparing Paraguay, Bolivia and 
Uruguay. Data source: www.fao.org/
faostat/en/#data/RP/metadata
Figura 7. Aplicaciones anuales de 
plaguicidas (toneladas) durante el 
período 1990-2018, comparando 
Paraguay, Bolivia y Uruguay. Fuente: 
www.fao.org/faostat/en/#data/RP/
metadata.
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A review showed that 82% of the 216 studies 
addressing the direct impacts of insecticides 
on bees were performed in North America and 
Europe, with only 9% performed in LA (Lundin 
et al. 2015; but see the review by Freitas and 
Pinheiro 2012). Neonicotinoids are the most 
widely used insecticides worldwide, and their 
sublethal effects on wild pollinator survival 
and reproduction under field conditions have 
now been demonstrated (Pisa et al. 2017), 
although their effects on managed colonies are 
still a matter of discussion. A pioneering study 
under field conditions showed strong sublethal 
effects, such as reductions in wild bee density, 
solitary-bee nesting and bumblebee colony 
growth and reproduction (Rundlöf et al. 2015). 
Moreover, neonicotinoids were found in 75% 
of the honey analyzed worldwide (including 
many samples from LA), demonstrating the 
exposure of honeybees to neonicotinoids in 
their food sources around the world (Mitchell 
et al. 2017). As a result of the high mortality 
of bee hives in Colombia, the Colombian 
Agricultural Institute (ICA) generated a 
resolution temporarily suspending all forms 
of production, commercialization and use 
of any agrochemical that in its composition 
contains Fipronil as an active ingredient in 
crops of avocado, coffee, citrus fruits and 
passion flowers (ICA 2021; resolution #092101 
of March 2021).

Herbicides are widely used to control weeds, 
but they also affect populations of native 
plants present in the agroecosystem (Ferreira 
et al. 2017). Thus, these compounds indirectly 
affect pollinators by reducing the number of 
available food sources or by increasing the 

abundance of resistant or tolerant flowering 
plants, the latter accumulating chemicals 
in nectar and pollen, which may affect 
pollinators (Rubio et al. 2014). In summary, 
neonicotinoids, herbicides and other pesticides 
are causing increasing harm to pollinators.

Risks caused by genetically modified organisms 
(GMO)

Genetically modified crops are herbicide 
tolerant (HT) or insect resistant (IR), and they 
can pose a threat to pollinators by having 
lethal or sub-lethal effects on adult insects or 
larvae (Nicodemo et al. 2018). A recent review 
on honeybees showed no clear negative effects 
of GMO on colony development (Ricroch et 
al. 2018). Supplements (i.e., nectar and pollen 
substitutes) containing GMO are used in 
apiculture to feed honeybees when flowers 
are scarce, and recent experimental studies 
have shown negative effects on bee health 
following the addition of a supplementary 
diet (for example, processed GMO corn) 
(Nicodemo et al. 2018). Moreover, bees visit 
GMO soybean flowers, and their pollen can 
be found in honey harvested by beekeepers 
(Villanueva-Gutiérrez et al. 2014).

The persistence of transgenes in nature 
was confirmed in South America, implying 
gene flow and introgression among feral 
populations of genetically modified Brassica 
napus and wild B. rapa mediated by pollinators 
(Pandolfo et al. 2018). More studies are needed 
to clarify the effects of genetically modified, 
HT and IR crops on pollinators, but the 
examples from LA indicate that the risks may 
depend on how GMO are spreading (whole 

Figure 8. Annual pesticide applications 
(tons) during the period 1990-2018, 
comparing Brazil and Argentina. Data 
source: www.fao.org/faostat/en/#data/
RP/metadata.
Figura 8. Aplicaciones anuales de 
plaguicidas (toneladas) durante el 
período 1990-2018, comparando Brasil 
y Argentina. Fuente: www.fao.org/
faostat/en/#data/RP/metadata.
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plants, pollen, or genes) and on their presence 
among the resources accessed by pollinators.

Risks caused by invasive species

Greenhouse cultivation has notoriously 
increased across LA, creating a large demand 
for pollinating bees and the introduction of 
exotic species (Freitas et al. 2009), although 
traded exotic bumblebees (Bombus ruderatus 
and Bombus terrestris) have caused serious 
problems (Aizen et al. 2019). Chile has 
participated in the bumblebee trade, allowing 
the importation of these two alien bumblebee 
species for crop pollination, but then they 
invaded different biomes in Argentina 
(Schmid-Hempel et al. 2014; Aizen et al. 2019). 
It is well documented in LA that populations 
of alien pollinator species quickly spread 
across the landscape, with negative impacts 
on the abundance of native pollinator and 
the pollination of native plant species, 
besides causing the spread of invasive exotic 
plant species (e.g., Schmid-Hempel et al. 2014; 
Morales et al. 2017; Montalva et al. 2017). 

In addition, populations of B. terrestris are 
infected with the protists trypanosomatid 
Crithidia bombi (Schmid-Hempel et al. 2014), 
the neogregarine Apicystis bombi and the 
microsporidium Nosema bombi (Plischuk et 
al. 2017). These multihost pathogens should 
be considered as potential threats to South 
American native Bombus dahlbomii (Plischuk 
et al. 2017). Bombus terrestris has been 
continuously introduced into Chile over the 
last 20 years (>200000 colonies and queens 
imported per year), showing that decisions in 
one country can have transnational negative 
effects on biodiversity (Aizen et al. 2019). 
For example, a large-scale investigation in 
Argentina showed that only 5 years after its 
arrival, B. terrestris had increased in population 
size, with the concurrent geographic retraction 
of the native B. dahlbomii (Morales et al. 2017). 
This well-documented South American case of 
bumblebee invasion should alert governments 
to the unintended consequences of bee 
trade (Aizen et al. 2019). For example, the 
introduction of the same species (native from 
LA) is not exempt from risks because a species 
may have populations that are genetically 
different in different regions. Recent attempts 
to introduce the managed B. atratus from 
Argentina to Colombia have led to molecular 
analysis of the respective populations, 
determining that those populations of B. 
atratus from Argentina and from Colombia 

are evolutionarily different (Lotta-Arévalo et 
al. 2021). In the same way, from studies of the 
genetic characterization of Bombus species in 
Colombia, great intraspecific genetic diversity 
was determined in two of the analyzed species 
(B. funebris, B. atratus) which may indicate 
the presence of different management units 
under the taxonomic level of the species. This 
information is of vital importance to formulate 
conservation strategies for these species in 
Colombia (Lotta-Arévalo et al. 2020).

Risks caused by climate change
There is ample evidence that climate change 

has exacerbated climate variability all over 
LA, with important environmental and 
socioeconomic consequences. Recent studies 
in LA have shown that climate influences 
pollinators (e.g., Giannini et al. 2017; Farias-
Silva and Freitas 2021), honey production 
(Koffler et al. 2015) and interactions between 
pollinators and plant species (Bezerra et al. 
2019; Nemésio et al. 2016; Silva et al. 2019).

Climate change models in LA suggest 
potential reduction and shifts in the 
geographical distribution of crop pollinator 
bees. Preliminary losses of suitable areas of 
up to 35% were projected for bee pollinators 
of seven Brazilian crops (Giannini et al. 2012). 
Other study, considering bee pollinators of 
13 crops, revealed the loss of pollinators and 
reductions from 9 to 100% in the probability 
of occurrence of these species (Giannini et al. 
2017). Bees occurring in the eastern Brazilian 
Amazon, especially the crop-pollinators and 
the occurrence-restricted bees, potentially will 
be threatened by climate change, since results 
showed 95% of species will face a decline in 
their total occurrence area (Giannini et al. 
2020). Other studies also showed that climate 
change can negatively affect the production of 
coffee (an assemblage of different bee species; 
Imbach et al. 2017), tomato (Bombus morio) 
(Elias et al. 2017) and passion fruit (Xylocopa 
spp.) (Giannini et al. 2013; Bezerra et al. 2019; 
Farias-Silva and Freitas 2021) due to potential 
loss of pollinators. 

There are several other examples: orchid 
bee abundance will potentially be threatened 
in the Brazilian Atlantic Forest by climate 
change (Faleiro et al. 2018), or Bombus species 
of Mesoamerica will likely face a loss in 
their area of distribution ranging from 7% 
to 67% for the year 2050 (Martínez-López 
et al. 2021). Indeed, heat stress can occur in 
colonies of africanized honeybees managed 
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in the tropics and subtropics. Heatwaves 
affect the thermoregulation ability of 
colonies (Poot-Baez et al. 2020), decreasing 
the immunocompetence of workers, queens 
and drones of Africanized honeybees (Medina 
et al. 2020). Stingless bees can also be forced 
to forage only in the cooler times of the day or 
to make shorter foraging trips, compromising 
their ability to survive in hotter environments 
(Maia-Silva et al. 2021).

Considering vertebrate species, the impact 
of climate change on nectarivorous bats in 
the eastern Brazilian Amazon also showed 
a potential average reduction of 20 to 30% 
in species suitable areas (Costa et al. 2018). 
Other study in the same region showed that 
nectarivorous birds can potentially lose up 
to 60% of their current projected diversity 
in the future scenarios (Miranda et al. 2019). 
Pollinator bat species were also analysed on 
México, indicating that 21% of their habitat 
will likely experience a loss of bat species 
richness (Zamora-Gutiérrez et al. 2021). 
Further research on the impact of climate 
change on pollinators on tropical areas of LA 
is increasingly urgent and will be instrumental 
in guiding policy decisions for conservation 

and restoration aiming to protect pollination 
services.

K�������� ���� ��� ��� 
������������ �� �����������

We have identified many knowledge gaps 
regarding the status, trends and threats 
affecting native pollinators, beekeeping and 
eco-socio-environments (Table 1). Some 
of these gaps are related to the absence of 
basic information on pollinators and the 
pollination process in native and cultivated 
plants, but most of them show the importance 
of conducting research addressing the 
consequences of current anthropogenic threats 
on biodiversity conservation, along with 
alternatives related to TLK-based practices 
(Table 1). For example, a few risk-analysis 
studies have been performed on the impact 
of climate change on animal-pollinated crops 
at the regional scale (e.g., Imbach et al. 2017), 
showing the importance of conducting such 
studies to improve policy decisions for the 
conservation of pollinators and pollination 
services while also respecting different ethical 
views of ethnic minorities (Table 1).

Status and trends Most bee/insect collections kept in museums and private institutions are not 
digitalized, limiting knowledge regarding the pa�erns of species distribution and 
diversity

Status and trends Few empirical data are available at a regional level to define critical thresholds for 
the pollination services provided by pollinators to many crops and most native plant 
species

Status and trends Studies on traditional knowledge regarding pollinators and biocultural conservation 
are scarce for many regions in LA

Threats and opportunities Conventional intensive agriculture threatens pollinators and pollination, but 
alternative agricultural practices must be evaluated in terms of the linkages among 
crop yields, benefits to pollinators, habitat sustainability and human well-being

Threats and opportunities Pesticides affect pollinators, but data from field studies on many pollinator species 
and sublethal effects over the long term are not available

Threats and opportunities Anthropogenic threats are simultaneously acting to threaten pollinators and 
pollination services, but no studies are available to evaluate risks and define policies 
from this perspective

Threats and opportunities Long-term pollinator declines need to be modelled at large-scale levels considering 
different threats and basic data for different groups of pollinator

Trends and opportunities The continuous monitoring of exotic bumblebee and honeybee hives is required to 
prevent their future establishment and/or the spread of emerging diseases to native 
pollinators, such as stingless bee species

Trends and opportunities Local examples of indigenous peoples and local communities show that their 
practices are pollinator-friendly, but examples for different biomes at large scales are 
still lacking

Table 1. Knowledge gaps that reduce the opportunities for the conservation and better management of pollinators 
and pollination services in Latin America.
Tabla 1. Vacíos de conocimiento que disminuyen las oportunidades para una mejor gestión y la conservación de los 
polinizadores y los servicios de polinización en América Latina.
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Although the balance between land-use 
cover to safeguard biodiversity (including 
pollinators) and land for agriculture 
represents a direct trade-off, the degree to 
which pollination contributes to sustainable 
crop yields has not been addressed when 
implementing agricultural policies (Table 1). 
Nevertheless, there are incipient programmes, 
laws and regulations regarding land-use 
management, biodiversity conservation and 
pesticide risk reduction that can benefit 
pollinators and pollination services. For 
example, the National Plan for Agro-Ecology 
and Organic Production (PLANAPO-Brazil, 
launched in 2013) was developed to coordinate 
policies and actions for environmentally 
friendly agriculture and organic food 
production. The forest law in Argentina 
(law #26331 2007) is aimed at protecting 
native forests and their biodiversity. This law 
also considers the rights of campesinos and 
indigenous peoples living in these forests. At 
the same time, some pollinator initiatives have 
been developed to detect risks regarding the 
delivery of pollination services and associated 
opportunities (e.g., Brazil [Imperatriz-Fonseca 
et al. 2007], Colombia [Nates-Parra 2017]).

Many farming systems exist as alternatives to 
large-scale agriculture in LA, with differences 
in terms of ecological, social and economic 
performance. However, the socioeconomic 
performance of pollinator-friendly farming 
systems is poorly understood (Table 1) 
(Garibaldi et al. 2016). This knowledge gap 
hinders the efforts to improve agriculture’s 
effect on all dimensions of people’s livelihoods 
(Garibaldi et al. 2017), which can be improved 
considering TLK (Table 1) (Quezada-Euán et 
al. 2018; Hill et al. 2019). Land-use decisions 
oriented towards enhancing natural assets, 
such as pollinator-friendly farming systems, 
can also provide the highest levels of financial 
assets. For example, different initiatives 
designed to improve some cultivated crops 
in pollinator-friendly farming systems were 
successful in LA (e.g., coffee [Hipólito et 
al. 2016]). Furthermore, pollinator-friendly 
farming systems may provide multi-
functional benefits to society, including those 
of recreational, cultural and health value 
(Garibaldi et al. 2017; Hill et al. 2019).

Although there are no coordinated, integrated 
initiatives to incorporate pollination services 
into national production systems in LA (Table 
1), there are some related efforts, such as the 
summary of the role of pollination and its 
importance to sustainable agriculture in Chile, 

Paraguay and Perú (FAO 2017). However, the 
design and implementation of management 
protocols for LA must be conducted bearing in 
mind not only the complexity of many of the 
ecological systems but also the socioeconomic 
particularities of many of the countries, 
including high poverty, cyclic economic crises, 
and political unrest.

Improving scientific education enhances the 
opportunities to conserve biodiversity and 
ecosystem services mostly if it causes a change 
in the dominant models of agricultural and 
social consumption patterns. Methodologies 
that can integrate not only disciplines but 
also social and legal frameworks promoting 
the conservation and management of 
pollinators through a holistic agro-ecological 
view (Table 1) will produce robust results to 
support human well-being and better decision 
making at different spatial and temporal 
scales. Given the complexity and uncertainties 
of LA’s socio-ecological systems, the 
effectiveness of any educational programme 
regarding pollinators and the conservation 
of pollinator services must go beyond 
the view of a single discipline, requiring 
inter- and transdisciplinary approaches 
involving multi-stakeholders. Currently, 
the internet and social media are the most 
popular outreach tools. In LA, several blogs 
on pollinators and pollination services exist 
(e.g., Comunidad de Polinización [fao.org] and 
Associação Brasileira de Estudos das Abelhas 
[abelha.org.br]). Participatory mechanisms 
are valuable tools to engage people in ways 
that may modify their behaviour, providing 
environmental, social and economic benefits 
to their community. Civil society is perhaps 
the sector that needs the greatest support to 
understand the importance of the conservation 
and management of pollinators. For example, 
in some regions of LA, citizen-science 
initiatives successfully involve civil society 
to obtain national data to register flower-
visitor interactions (guardioes.cria.org.br), 
to take care of native pollinators and to 
evaluate invasion risks (Montalva et al. 2017). 
These examples show that it is possible to 
integrate scientific knowledge, TLK and civil 
society in conservation initiatives for native 
pollinators.

R�������������� �� �������� 
����������� ��� ����������� 

��������
We present some recommendations that 

may be considered by stakeholders and 
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governments to conserve native pollinators 
and improve pollination services (Table 
2). These points are focused on Latin 
American reality and complexity, and are 
complementary to those proposed at a global 
level (Dicks et al. 2016, 2021; Hill et al. 2019). 
Nevertheless, we think the consideration of the 
status of pollinators and the threats affecting 
pollination and the food production system 
in LA may lead to improved biodiversity 

conservation in many other developing 
tropical and subtropical countries. These 
suggestions were generated considering their 
applicability at different scales, but they need 
to be supported by common policies across 
different countries sharing mega-diverse 
biomes.

Diverse threats are interlinked with 
pollinators, and pollination decline affects 

Problem Suggested solution for policy options

Many pollinators need to be described, 
or their natural history is partially or 
completely unknown

Support for basic scientific projects to increase the taxonomic knowledge 
regarding pollinators is important for pollinator conservation

Long-term, large-scale monitoring studies 
of pollinators and pollination services are 
not available

Long-term studies that use transdisciplinary approaches, such as citizen 
science, and consider different threats related to pollinator and pollination 
decline are important to be supported and maintained. Baseline studies 
should be performed at the local and regional levels to evaluate declines in 
wild bee species and other pollinator groups

Anthropogenic threats, mainly 
deforestation, are threatening biodiversity

The conservation of natural habitats and creation of corridors between crop 
fields and the diversification of production systems should be encouraged 
to conserve biodiversity and ecosystem services, including pollinators and 
pollination

Pollinators and pollination services are 
declining in many regions of LA, but few 
empirical data are available

Habitat friendly designs at landscape and local levels need to be promoted 
for increase both populations of pollinators and crop pollination, but also 
pollination of native plants. Artificial nests can be added in semi-natural 
habitats to improve reproduction of wild solitary bee species and other 
pollinators

Yield reduction is occurring in pollinator-
dependent crops

Small-scale traditionally diversified farming systems, which are already 
present in most regions of LA, are beneficial to native pollinators and should 
be supported to maintain yields of many crops

Conventional agriculture, with high 
inputs of insecticides and herbicides, 
threatens pollinators

The exposure of pollinators to pesticides should be minimized through 
small changes in the current practices (for example, avoiding spraying 
early in the morning or reducing doses to a minimum level, etc.), but 
also improving regulations, policies and legal responses for supporting 
agroecological practices with alternative pest control systems

Many colonies of honeybees and stingless 
bees are lost every year

The scientific knowledge on the threats for managed bees need to de 
increased and the continuous evaluation by beekeepers of the adequate 
densities of managed colonies and the relative availability of resources 
for pollinators (i.e., native species and flowering crops) are necessary to 
improve the management of pollination services, increase honey production 
and conserve biodiversity

Pathogens and parasites are widespread 
among managed bee colonies and affect 
their health status

The health of managed pollinators in LA should be improved; this will lead 
to more sustainable conditions (higher floral diversity, fewer pesticides, 
lower deforestation and agricultural intensification, etc.) for the native 
pollinators and managed bees. Moving honeybee colonies over long 
distances must be minimized because it could lead to pathogen spill over to 
native species, such as bumblebees

GMO crops dominate most agro-
ecological landscapes in the region, but 
li�le is known about the consequences for 
pollinators

Studies regarding the risks of GMO spread (whole plants or pollen) in 
pollen or nectar and on the consequences for species of pollinators should be 
conducted

Policies and legal regulations on managed 
pollinators should be be�er coordinated 
in the region. The public is not aware 
on the importance of pollinators and 
pollination for human well-being

Coordinated collaborative actions are necessary to conserve native 
pollinators and pollination services for many important crops and most 
native species, such as combining policies and legal responses at the regional 
level, raising public awareness and ecological literacy and improving 
scientific research over the long term

Each country in the region makes 
unilateral decisions on bee trade, 
favouring transnational bee invasions

Coordinated decisions on species importation permits and regional 
surveillance systems are needed to prevent and halt alien bee invasions

Table 2. Recommendations for improving pollinator conservation, pollination services and human well-being in Latin 
America.
Tabla 2. Recomendaciones para mejorar la conservación de los polinizadores, los servicios de polinización y el buen 
vivir en América Latina.
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the reproduction of many native plants and 
crop yields. For example, deforestation, 
conventional agriculture and the associated 
overuse of agrochemicals and the introduction 
of exotic species are becoming serious threats 
to native pollinators and managed bees in LA. 
However, some policies promoting habitat 
friendly designs at landscape and local levels 
are needed for increase both populations 
of pollinators and crop pollination (Table 
2). At the same time, artificial nests (called 
“bee hotels”) can be added in semi-natural 
habitats to improve reproduction mostly of 
wild solitary bee species, but also of other 
pollinators (Bortolotti et al. 2016; Rahimi et al. 
2021). Moreover, studies addressing multiple 
threats are scant, and their combined effects 
on biodiversity decline and pollination deficits 
are unknown (Table 2). For example, studies 
addressing complex land use changes due 
to industrial agriculture on pollinators and 
pollinations deficits for crops and native plants 
are not available, because they imply detailed 
knowledge on the effects of application 
of large amounts of agrochemicals, on the 
lethal and sublethal effects on pollinators 
during long periods, on the consequences 
of the reduction of the populations of native 
plants because they are used by pollinators 
for their nourishments and nesting, on 
the implications of the increases of the 
populations of exotic resistant weeds, among 
other ecological processes. Management 
strategies for improving food production 
systems and conservation practices addressing 
pollinators declines must integrate proper 
actions that consider both local and regional 
scales and socioeconomic realities. For existing 
fragmented landscapes, it is important to 
increase natural habitats for pollinators at 
the regional scale while also maintaining high 
habitat heterogeneity at the local scale.

Current policies and legal frameworks in 
LA were thought to increase crop and cattle 
production via deforestation for lands devoted 
to large-scale agriculture and cattle grazing, 
but these changes in land uses increased the 
risks to biodiversity through different threats. 
Benefits for pollinators can be achieved if 
sustainable management of agriculture is 
promoted (Table 2). For example, ecological 
intensification, diversified farming systems 
and the increase of ecological infrastructure 
have been recently suggested to improve 
conditions for pollinators and the pollination 
of some crops and wild plants (Dicks et al. 
2016; Garibaldi et al. 2017). These alternative 

approaches for agroecological agriculture 
may also provide opportunities to local and 
indigenous communities to maintain their 
knowledge systems and practices in natural 
habitats as well as in small to medium-sized 
crop stands. For example, three alternative 
approaches for agriculture were suggested 
by Hill et al. (2019). They incorporate 
the socioeconomic dimensions of local 
communities to improve food sovereignty, 
enhancing ecosystem services (such as 
pollination services) and having mutual 
benefits for pollinators and local people.

Intensive long-term investment by 
stakeholders is necessary to support and 
create incentives for the development of 
pollinator-friendly farming systems that allow 
biodiversity conservation (Table 2). Policies 
regarding crop pollination practices need to 
consider the benefits to society (Garibaldi et 
al. 2017) and to compensate farmers for those 
benefits if sustainable management practices 
are to be effectively implemented. Examples 
include introducing incentives to help farmers 
maintain natural habitats and forests, to replace 
or reduce agrochemicals and to improve 
diversified crop production. Complementary 
policy options could refine agrochemical 
regulations to minimize the exposure of 
pollinators to insecticides and herbicides 
(Table 2). New practices can be developed 
via public education (e.g., avoiding spraying 
pesticides early in the morning or reducing 
doses to a minimum level) (IPBES 2016; Dicks 
et al. 2016) or through alternative modes of 
agroforestry or pest control considering TLK 
(Hill et al. 2019). These policies will also 
require social, political, and legal agreements 
across countries to implement these specific 
and general recommendations at a continental 
scale.

In parallel, it is necessary to adopt public 
policies that ensure the regularity of scientific 
research incorporating multiple practices 
and recognizing that TLK can enhance or 
complement scientific knowledge to conserve 
biodiversity (IPBES 2016; Quezada-Euán et 
al. 2018). This wider view assesses multiple 
dimensions (social, ecological, cultural, 
etc.), integrates the pollinator species and 
habitat management approaches within 
environmentally friendly farming systems, 
and evaluates the value of pollinators beyond 
crop pollination, filling important knowledge 
gaps in this area. Scientific knowledge plays 
a fundamental role in contemporary society 
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and has influenced the development of 
policies in several areas. For example, reliable 
biodiversity baselines will be obtained through 
regular public policies to ensure the funding 
of trans-disciplinary scientific research and 
public education over the long term (Table 
2). This basis may allow for successful 
conservation planning and the evaluation of 
pollinator responses to multiple threats. 

The general strategy for the mitigation of 
pollinator declines in LA involves an increase 
in technical responses that are unevenly 
scattered across different countries. It is clear 
that LA lacks effective legal and economic 
instruments to conserve pollinators and 
pollination services, indicating the need to 
develop integrated programmes at a regional 
level that can be widely adopted by national 
governments and multi-lateral agencies (Table 
2).

C����������
In this review, we identified many threats 

associated with pollinator and pollination 
decline and subsequent risks to human well-
being. It is true that large-scale agroforestry is 
the main threat to biodiversity in developing 
countries, but we have presented some ideas 
to both increase sustainable production and 
conserve biodiversity. Latin America sustains 
a rich variety of cultures and many millions 
of people living under the economic line of 
poverty that are affected by the discussed 
threats, making it necessary to identify a 
more sustainable and socially fair transition 
pathway out of the current production 
model based on commodities. It is necessary 
to acknowledge the socio-environmental 
complexity of food production systems if 
we want to better understand the impacts of 
different agricultural threats on pollinators 
and pollination. In addition, it is very 
important to consider the ways in which we 

can support TLK and its practices to preserve 
and manage biodiversity and to develop 
sustainable agroforestry.

Understanding the relationship between 
science and policy, especially in the 
environmental area, is still a challenge to 
overcome, since much scientific knowledge 
has not been translated into policies and 
guidelines for the conservation of natural 
resources, particularly for those that are 
under serious threats. Legal responses can 
drive on-the-ground changes, but they are 
not in themselves a change to the natural 
environment in which pollination occurs. We 
need creativity and urgent actions to conserve 
pollinators and pollination services in LA.

The consideration of our recommendations 
may lead to improve biodiversity conservation 
in many other developing tropical and 
subtropical countries. These suggestions 
were generated considering their applicability 
at different scales across different countries 
sharing mega-diverse biomes, but they need to 
be supported by common socio-environmental 
policies to be effective in the sustainable 
development and consequently in the use of 
the ecosystem services provided by such great 
biocultural diversity.
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