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Bees are fundamental to the health of both natural ecosystems and agricultural
systems, providing essential pollination services that support biodiversity and
agriculture. In Peru, they play an important role in pollinating major agricultural
crops such as coffee, blueberries, avocados, citrus fruits, and cacao, among
others; at the same time, they help preserve biodiversity. However, bee popula-
tions in the country face significant threats, including habitat loss driven by
deforestation and agricultural expansion, the spread of parasitic pests like
Varroa destructor, pesticide exposure, and the effects of climate change. These
stressors have profound implications for bee health, foraging efficiency, and
reproductive success. This review synthesizes recent research on the state of
bee populations and apiculture in Peru, drawing on a comprehensive dataset of
89 studies published between 1914 and 2024. It examines the key challenges
facing Peruvian A. mellifera bee, including the impact of environmental stressors,
the sustainability of beekeeping practices, and the regional distribution of re-
search efforts. Additionally, the review explores the importance of grassland
ecosystems as critical habitats for pollinators and their role in supporting agri-
cultural productivity. The review identified significant knowledge gaps in Peru,
including limited geographic coverage, insufficient understanding of pollination
ecology and ecosystem services, and a lack of studies quantifying the economic
value of pollination for agriculture. By identifying research gaps and proposing
future directions, this article seeks to advocate for the adoption of sustainable
agricultural practices in Peru to safeqguard A. mellifera.

KEYWORDS

apiculture, Apis mellifera, beekeeping, biodiversity, ecosystem services, environmental
sustainability
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1 Introduction

Pollinators are important because they enable the production of
crops and the development of wild plants, maintain the landscape,
generate products for family farming, generate a fundamental
ecosystem service, and contribute to the balance of the ecosystem
with positive environmental, economic, and social effects (Mutavi
et al,, 2022; Yilmaz et al., 2023). Therefore, bees (Apis mellifera L.)
are indispensable to the global ecosystem and agriculture, serving as
primary pollinators for many plants essential for natural ecosystems
and human food production (Kumar and Khan, 2023). The
pollination service is vital for producing approximately one-third
of the world’s food crops and contributes significantly to agricul-
tural economies worldwide (IPBES, 2016; Reddy et al., 2022).

The bees populations have experienced significant declines due
to the combined effects of habitat loss and fragmentation, agro-
chemical exposure, pathogens, invasive species, and climate change.
These factors threaten essential ecosystem services, including pol-
lination, plant diversity, food security, and human well-being (Potts
et al., 2010). In particular, honeybees have been increasingly
exposed to agrochemicals associated with the reduction in floral
resource availability and diversity, as well as to emerging parasites
and pathogens unintentionally spread through human activities
(Goulson et al., 2015). Additionally, the intensification of land use,
climate change, and the spread of exotic species and diseases
represent major drivers of pollinator decline, requiring improved
management strategies for the establishment and sustainability of
apiaries (Vanbergen and IPI, 2013).

In Peru, Apis mellifera populations face multiple interacting
pressures that threaten colony sustainability and the development
of apiculture. Habitat loss caused by deforestation and agricultural
expansion reduces the availability of essential floral resources,
limiting forage availability for bee colonies (MINAM, 2009; Rojas
et al, 2021). Furthermore, the spread of pests, particularly the
parasitic mite V. destructor, compromises colony health by increas-
ing susceptibility to diseases (Airahuacho and Rubina, 2021). The
intensive use of agricultural pesticides, especially organophosphates
and carbamates, has also been associated with negative effects on
bee health, including alterations in foraging behavior and repro-
ductive performance (Montes et al., 2023; Chavez-Dulanto et al.,
2024). Climate change represents an additional challenge, as
changes in precipitation patterns and extreme climatic events
modify flowering cycles and reduce nectar and pollen availability
(Fernandez-Palomino et al., 2023; Chavez-Jiménez et al., 2024).

The interaction among environmental, sanitary, and climatic
pressures generates an increasingly uncertain scenario for bee
populations, with potential consequences for ecological balance
and agricultural productivity. Therefore, strengthening sustainable
management practices, sanitary monitoring, technological innova-
tion, and research initiatives is essential for ensuring the long-term
development of apiculture in Peru. In this context, Peruvian Law
No. 32685 recognizes apiculture and pollination as strategic pro-
ductive activities and establishes mechanisms aimed at addressing
these challenges through the implementation of the National
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System of Apiculture and Pollination, as well as the promotion of
research and support systems for producers (Congreso de la
Republica del Peru, 2026).

This review aims to explore the key areas of research related to
bee breeding and their significance in Peruvian ecosystems. Over
the years, various studies have high-lighted the role of A. mellifera
in pollination, food security, and environmental health, but signif-
icant knowledge gaps remain. By reviewing recent literature, this
study provides a comprehensive overview of the state of research on
A. mellifera in Peru, identifying the most pressing issues faced by
these vital pollinators, and suggesting pathways for future research.
Additionally, this review discusses the geographical distribution of
bee studies in Peru and their relationship with the country’s
diverse ecosystems.

2 Materials and methods

2.1 Review protocol and reporting
guidelines

This study was conducted following the Preferred Reporting
Ttems for Systematic Reviews and Meta-Analyses (PRISMA, 2020)
guidelines. The review aimed to systematically identify, evaluate,
and synthesize the available scientific evidence regarding bee
diversity, pollination services, threats, apiculture, and agricultural
importance in Peru.

The review process included four sequential stages: (i) literature
identification, (ii) screening, (iii) eligibility assessment, and (iv)
inclusion of studies for qualitative synthesis. A PRISMA flow
diagram was used to document the study selection process.

2.2 Search strategy

A comprehensive literature search was conducted between
January and March 2025 using international scientific databases
and institutional repositories. The following databases were con-
sulted: Scopus, Web of Science Core Collection, Google Scholar,
Taylor & Francis Online, Latindex. In addition, institutional repos-
itories from public universities, including Universidad Nacional
Agraria La Molina, Universidad Nacional Toribio Rodriguez de
Mendoza de Amazonas, Universidad Nacional Pedro Ruiz Gallo,
Universidad Nacional de Cajamarca, Universidad Nacional de la
Amazonia Peruana, Universidad Nacional de Trujillo, and
Universidad Nacional del Centro del Pert, were explored. Private
universities such as Universidad Cientifica del Sur and Universidad
Privada Antenor Orrego were also included in the search process.

The search strategy combined keywords related to bees, polli-
nation, agriculture, biodiversity, and Peru using Boolean operators.
The principal search string was: (pollination OR food security OR
bees in Peru OR Apis mellifera in Peru OR bees OR Apis mellifera).
AND (agriculture OR biodiversity OR apiculture OR ecosystem
services). Additional searches incorporated specific terms such as:
honey bees, pollination services, bee products, honey, propolis,
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beeswax, pollen, V. destructor. Searches were performed in English
and Spanish to maximize retrieval of relevant literature.

2.3 Eligibility criteria

Studies were selected according to predefined inclusion and
exclusion criteria.
Inclusion criteria

» Focused on bees, pollination, apiculture, bee products, bee
health, biodiversity, or ecosystem services in Peru.

*  Were published between 1914 and 2024.

* Included original research articles, short communications,
technical reports with scientific data, and academic theses.

* Presented sufficient methodological information and clearly
described study objectives and results.

*  Were available in English or Spanish.

2.4 Exclusion criteria

* Did not focus on Peru.

* Addressed pollinators without specific information on
A. mellifera.

» Consisted solely of conference abstracts, editorials, opinion
articles, or nonscientific reports.

*  Were duplicate records retrieved from multiple databases.

* Did not provide sufficient information for data extraction.

2.5 Study selection process

All references retrieved from databases and repositories were
exported and independently reviewed by the authors. The study
selection process consisted of three phases; in the first phase, studies
were identified by reviewing titles and abstracts to identify poten-
tially relevant studies. The second phase was the selection of studies;
duplicate records were removed, and the remaining studies were
evaluated based on their titles and abstracts, in accordance with the
eligibility criteria. Finally, in the third phase, the eligibility assess-
ment was conducted, which consisted of reviewing the full texts to
determine their relevance and suitability for inclusion in the
systematic review. Discrepancies regarding the inclusion of studies
were resolved through discussion among the authors until a
consensus was reached.

2.6 Data extraction

For each selected study, information was extracted on studies
conducted in Peru, then the topics related to pollination, apiculture,
bee products, bee health, biodiversity, or ecosystem services in Peru
were identified.

Studies were subsequently classified into thematic categories
according to their primary focus: Bee diversity and characterization,
colony performance, feeding and nutrition, reproduction, bee
health, honey production, beeswax, propolis, pollen, apiculture,
and pollination services.
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2.7 Data synthesis and analysis

Statistical analysis was performed using descriptive statistics.
For the spatial representation of scientific output, the absolute
frequencies of studies related to the research topic were calculated
for each region of Peru. This information was used to create a
thematic map that allowed visualization of the geographic distri-
bution and concentration of research at the national level. Likewise,
the most frequently used keywords in studies on A. mellifera in Peru
were analyzed by calculating their frequencies of occurrence and
represented graphically using a word cloud, where the size of each
term was proportional to its frequency of use in the reviewed
literature. This procedure was developed using the statistical soft-
ware R version 4.5.1 (2025-06-13 UCRT), employing the
wordcloud and RColorBrewer libraries for generating and custom-
izing the graphic visualization.

3 Results
3.1 Study selection

The literature search identified studies from scientific databases
and institutional repositories related to bees, pollination, apiculture,
and bee products in Peru. Following the screening and eligibility
assessment process, 89 studies published between 1914 and 2024
met the inclusion criteria and were included in the qualitative
synthesis (Figure 1).

The selected studies comprised 29 (32.6%) peer-reviewed re-
search articles, 3 (3.4%) short communications, and 56 (64%)
academic theses (Figure 1). Given that most of the literature
found consists of theses, the quality of these studies could lead to
biased conclusions. The temporal distribution of publications
revealed a notable increase in research activity during the last
decade, reflecting growing scientific interest in pollinators, apicul-
ture, and ecosystem services in Peru.

3.2 General characteristics of bee in Peru

The reviewed literature covered a broad range of topics associ-
ated with bee biology, apiculture, pollination services, and bee
products. Eleven thematic categories were identified during data
extraction (Table 1). Characterization and diversity studies repre-
sented one of the largest thematic groups, focusing on species
identification, taxonomy, ecology, and distribution. Research on
bee health, particularly studies related to V. destructor, constituted
another important category. A substantial proportion of studies
addressed bee products, especially honey, propolis, pollen, and
beeswax. Research on colony performance, nutrition, reproduction,
and pollination services was comparatively less frequent.

3.3 Diversity of A. mellifera research topics

The keyword analysis identified the main topics researched in
the field of beekeeping in Peru. In the Figure 2 presents the most
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The systematic screening of relevant literature was meticulously conducted using PRISMA guidelines, with studies retrieved from prominent scientific

databases.

frequently used keywords in Peruvian bee research. The most
frequently used keyword in bee research in Peru was “Honey,”
with 15 occurrences and a percentage of 5.28%, indicating that
honey is the central focus of the analyzed studies. A. mellifera was
the second most frequent term at 4.58%, high-lighting the impor-
tance of this species as the primary organism of study. The third
most frequent term was V. destructor, at 2.46%. This percentage
reflects the mite’s relevance as one of the main health threats to bee
colonies. Subsequently, the terms diversity and beekeeping each
registered 2.11%. The presence of diversity demonstrates the
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scientific interest in the biological, genetic, and ecological diversity
associated with bees and their ecosystems. beekeeping, on the other
hand, confirms the importance of beekeeping management and
production systems in the evaluated literature. The terms Peru,
pollinator, and products were found with a frequency of 5 occur-
rences (1.76%). The terms beekeeper and bees each reached 1.41%.
This suggests that some of the research focuses on both beekeepers
and general aspects related to bees.

Words such as Behavior, Hygienic behavior, Pollen, Propolis,
and Streptococcus mutans each showed 1.06%. Several other terms
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TABLE 1 General characterization of the studies analyzed, number of investigations, description and bibliographic reference.

Area of study

Characterization

Studies number

22

Short description

Focused on the identification and description of bees,
their behavior, diversity, and environment.

Referencet!

(Cockerell, 1914; Taylor, 1977; Kent, 1989; Heard, 1994;
Pérez-Castro et al., 2002; Rasmussen, 2009; Nemeésio and
Rasmussen, 2014; Marroquin, 2014; Gade, 2015; Mejia,
2017; Caroy, 2018; Aliaga, 2006; Beltran-Tolosa et al.,
2020; Calizaya-Melo et al,, 2021; Chavez-Galarza et al.,
2021; Marconi et al., 2023; Valladolid et al., 2022;
Cotrina-Sanchez et al., 2023; Delgado et al., 2023; Gaslac,
2024; Picon, 2024; Rasmussen and Sanchez, 2024)

Performance

Examined bee hive performance, with research
conducted in La Libertad and Lima. Notable studies
include Ore (2016), which analyzed metrics related to
queen bees, and Medina and Cconas (2018), which
evaluated A. mellifera colony metrics.

(Ore, 2016; Medina and Cconas, 2018)

Feeding and Nutrition

Reviewed the impact of protein supplements on bee
colony health, highlighting improvements in population,
posture, and weight.

(Medina and Cconas, 2018; Porras, 2023; Blas, 2024;
Vasquez, 2024)

Reproduction

Investigated the effect of cryoprotectants on honey bee
drone sperm viability, emphasizing the importance of
genetics for long-term bee reproduction.

(Amen, 2019)

Health

15

Examined how V. destructor affects bee health, focusing
on various control treatments. Most research was
conducted in northern Peru, including regions like

Tumbes, Piura, and Cajamarca.

(Morillo, 2015; Tejada and Moron, 2015; Guerrero-Padilla
et al,, 2013; Reyes, 2016; Airahuacho and Rubina, 2021;
Diaz et al., 2021; Lopez, 2014; Murga-Moreno et al., 2021;
Yancce, 2021; Polo et al., 2022; Tello, 2022; Airahuacho
et al., 2023; Francia, 2023; Nestares, 2023, Owusu and
Skevas, 2024)

Bee products honey

22

Primarily in La Libertad, explored honey quality, its use
in dermatology, and market strategies. Most studies used
experimental designs.

(Pasco and Sanchez, 2010; Carrefo, 2013; Escriba, 2014;
Noeg, 2015; Arroyo and Arroyo, 2017; Coronel, 2017;
Hayayumi, 2017; Requier et al., 2018; Cerna, 2019; Aviles
and Matos, 2009; Samaniego, 2019; Vela, 2019; Baiocchi,
2021; Cabrera and Chuquibala, 2021; Ormefio et al., 2021;
Sanchez, 2021; Quevedo et al., 2022; Cabrera, 2023;
Delgado and Espinoza, 2023; Verano, 2023; Tejada-
Purizaca et al., 2024)

Bee products beeswax

Investigated the use of beeswax in preserving
blueberries, comparing it to other edible coatings.

(Parraga, 2018; Abanto, 2018; Newson, 2018; Garcia et al.,
2019; Delgado, 2024)

Bee products propolis

Demonstrated propolis’s beneficial properties, including

antifungal, antibacterial, and anti-inflammatory effects.

Most research was conducted in La Libertad, with a few
in Cajamarca and Junin.

(Saavedra et al., 2013; Alvarez, 2014; Arévalo, 2014; Rojas,
2014; Castro et al., 2006; Camino, 2022; Zavaleta-Rengifo
et al,, 2022; Reyes, 2023)

Bee products pollen

Explore different factors that affect pollen production in
A. mellifera bees.

(Velazco, 2006, Leon, 2008; Leiva et al., 2021; Paredes and
Bryant, 2019)

Apiculture

Focused on honey production and challenges in various
regions, including the impact of deforestation, the
economic reliance of beekeepers, and the variability in
honey and other hive products.

(Fernandez, 2018; Estela, 2019; Gonzales, 2019; Vega,
2024)

Pollination

Focused on pollination and its impact on different
agricultural crops (avocado, sweet potato)

(Iglesias, 2007; Rubifos, 2014; Basurto, 2021)

IResearch consulted from Google Scholar, Scopus, Latindex, Web of Science, Taylor and Francis from 1914 to 2024.

also had 0.70% each, including Agroforestry systems, Amazon,
Antibacterial effect, Apoidea, Coffee, Composition, Dehydration,
Pollination, Surveys, Sustainable development, and Vernonia.
These terms reflect the multidisciplinary scope of the studies,
integrating ecological, agricultural, microbiological, environmental,
and socioeconomic aspects.

Most of the terms had 0.35% each. Among them are words
related to: specific bee products, plants, chemical properties, health
aspects, Agroecological practices.

Frontiers in Bee Science

3.4 Geographic distribution of bee
research in Peru

The regional distribution of the studies revealed a marked
concentration of research in specific areas of Peru. La Libertad
had the highest frequency, with 25 studies representing 28% of the
total, indicating that this region is the main center of apicultural
research activity in the country. Lima (12%) and Junin followed
with 12 studies (13%), while Cajamarca registered 10 studies (11%),
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highlighting the relevance of these regions in the development of
scientific research related to apiculture and bee products.
Intermediate frequencies were observed in Amazonas with 6 studies
(7%), Lambayeque and Loreto with 5 studies each (6%), and San
Martin with 4 studies (5%). In contrast, Piura and Tumbes showed
lower participation, with 3% and 2%, respectively. The remaining
regions, including Arequipa, Pasco, Huancavelica, Tacna, Madre de
Dios, and Ucayali, each represented only 1% of the total studies,
reflecting limited scientific output in these areas (Figure 3; TS 1).

Given that Peru has 24 departments and one constitutional
province with a special regime (Callao), the results show that several
regions did not register any studies related to the topic evaluated.
Among the regions without records are Ancash, Apurimac,
Ayacucho, Cusco, Huanuco, Ica, Moquegua, and Puno, in addition
to the Constitutional Province of Callao (Figure 3).

Research on A. mellifera has been reported in five regions of
Peru; however, no research was reported in regions such as Tacna,
Moquegua, Arequipa, Puno, Cusco, Apurimac, Ayacucho, Ica,
Huancavelica, Madre de Dios, Ucayali, Pasco, Huanuco, and
Ancash. In these regions, climatic conditions are unfavorable for
A. mellifera breeding, which is why research and government
institutions do not prioritize studies on this species.

Frontiers in Bee Science

4 The importance of A. mellifera in
Peruvian ecosystems

A. mellifera play a crucial role in the Peruvian ecosystems for
several reasons (Figure 4). One of them is because they are
responsible for pollinating many plants, including many that are
vital for food production (IPBES, 2016). Bee species are linked to
the rich diversity of endemic plants found in the high Andean
ecosystems of Peru (Calizaya-Melo et al., 2021). Additionally, in San
Martin, bees contribute to the diversity of local orchids, a species of
significant economic and aesthetic value to the community
(Rasmussen, 2009; Nemésio and Rasmussen, 2014).

Furthermore, bees contribute to nutrient cycling and soil fertility
due to their waste such as feces and death of individuals, and pollen
breaks down into organic nitrogen that plants can absorb as inorganic
nitrogen adding essential nutrients to the soil (Mishra et al, 2013;
Filipiak, 2023; Shahmshad, 2023). Beltran-Tolosa et al. (2020) in their
study in Andean-Amazon Peru reported that soil organisms and
pollinators enhance soil fertility and boost crop production.

A. mellifera are a critical part of the food chain (Figure 4) since
many animal species depend on plants pollinated by bees (Abrol, 2012;
Devkota et al., 2024; Srilipta et al., 2024). A substantial amount of food
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crops depends on bee pollination, which immediately impacts food
security and the agricultural economy (Delgado-Carrillo et al., 2024).
For example, a study in Ecuador showed that the yield of pea crops
(Pisum sativum L., var. Television) increased due to the action of bees
as pollinators (Garcia, 2019). Additionally, a study on sweet cherry
pollination (Eeraerts et al., 2019) found that while honey-bees were
efficient pollinators for this crop, other species such Osmia cornuta or
solitary bees proved to be more effective.

The soils of Peru are distinguished by their high concentrations
of metals such as Arsenic, Cadmium, and Lead, exceeding Peru’s
Environmental Quality Standards (Bedoya-Perales et al., 2023). Bee
products like wax, honey, and pollen can serve as bioindicators of
environmental disturbances, with bees potentially collecting micro-
plastic pollution (Cortes-Corrales et al., 2024) and acting as
biomonitors for heavy metal levels in the air (Ccechi et al., 2023).
For example, a study in Peru found that many local products,
including honey and propolis, exceed World Health Organization
safety standards for metals such as Cd and Pb, often at higher levels
than reported elsewhere (Tejada-Purizaca et al., 2024).
Additionally, products like beeswax and propolis aid in preserving
certain food products and extending their shelf life. For example,
Garcia et al. (2019) in Tacna, found that using beeswax 40% and
carnauba wax 60% had better results for increasing the useful life in
pears (Pyrus communis). Another study in Lima used propolis to
preserve the peach nectar highlighting its antimicrobial effect
(Zavaleta-Rengifo et al., 2022). Finally, honeybees can be used in
the treatment of different conditions or diseases in some Peruvian
communities (Delgado and Espinoza, 2023).

10.3389/frbee.2026.1904918

5 Challenges faced by apiculture in
Peru

Nowadays, many factors affect bees such as habitat loss due to
land use changes, the use of pesticides, diseases, and climate change
(Albacete et al., 2023; Brunet and Fragoso, 2024; Figure 5). One of
the primary issues is habitat loss due to deforestation (Deforested
area in Peru, period 1990-2000: 1 496 317.56 ha) and agricultural
expansion (44.18% of the deforested areas), converting forests and
jungles into agricultural land reduces the availability of flowers and
plants that bees need for food and reproduction (MINAM, 2009;
Freitas et al., 2009; Rojas et al., 2021). This loss of natural habitats
also impacts plant biodiversity, decreasing the variety of plants
available to bees, and limiting their nectar and pollen sources
essential for bees to thrive (Crenna et al., 2017).

Another major challenge is the presence of pests and diseases
affecting A. mellifera. In Peru, V. destructor, a parasitic mite, is
particularly problematic (Figure 5). This mite invades bee larvae
cells and reproduces within them, weakening colonies and making
them more susceptible to other diseases (Airahuacho and Rubina,
2021). The geometric morphometry of this ectoparasite has been
evaluated in the north of Peru (Diaz et al., 2021). Also, it was found
that unmanaged bee colonies have higher Varroa infestation rates
(particularly near human settlements), and their infestation de-
creases with higher altitudes (Polo et al., 2022). A recommended
strategy to combat efficiently V. destructor is to select hives with
good hygienic behavior rather than relying on acaricides, due to the
potential contamination risks of these chemical treatments to both
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(L

Protection of weather
conditions

FIGURE 5
Principal challenges faced by apiculture in Peruvian ecosystems.
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human consumption of bee products and the environment
(Airahuacho and Rubina, 2021).

Additionally, pesticides used in agriculture play a crucial role in
the decrease in bee populations (Brunet and Fragoso, 2024). There
are limited studies on the impact of these chemicals on the health of
A. mellifera in our country. In Lima’s coastal valleys, farmers
predominantly use organophosphates and carbamates for pesticides
(Chavez-Dulanto et al., 2024). Additionally, its use extends to the
south of Peru (Cusco), where its impact on the arthropofauna was
associated with potato (Solanum tuberosum) cultivation (Montes
et al.,, 2023). Additionally, pesticides used in intensive agriculture
are toxic to bees, compromising their health, foraging efficiency, and
reproductive abilities, contributing significantly to the overall de-
cline in bee populations (Freitas et al., 2009; Zhao et al., 2021).

Finally, climate change and extreme weather conditions are
exacerbating the problems confronted by bees (Landaverde et al.,
2023). Variations in temperature and climate change affect flower-
ing availability which can cause gaps in the availability of pollen,
disrupting honeybee foraging and potentially harming their colo-
nies (van der Sluijs and Vaage, 2016). Prolonged droughts and
heavy rains can disrupt plant flowering and reduce the amount of
nectar and pollen available to bees (Bobis et al., 2024). Peru is
experiencing significant water shortages, especially in the northern
regions, worsened by climate change and the El Nino effect
(Chavez-Jiménez et al., 2024). Climate forecasts suggest that the
Upper Amazon will face drier conditions, while the Andes could see
increased rainfall, potentially resulting in extreme flooding and
droughts (Fernandez-Palomino et al, 2023). Adapting to these
changes presents an additional challenge for bee populations in
an increasingly unpredictable environment (Figure 5).

6 Peruvian agriculture and their
relationship with A. mellifera

Livestock in the Peruvian Amazon rely on native and cultivated
pastures as the main source of feeding (MIDAGRI, 2017; Echevarria

FIGURE 6
Impact of grasslands on A. mellifera in Peru.
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et al,, 2019). Also, grasslands provide a crucial habitat for pollina-
tors (Dylewski et al., 2024). There are 20,976,028 hectares of natural
pastures in the high Andean area of Peru (MINAM, 2010). The
Andean grassland ecosystems in Peru exhibit a unique floristic
diversity, characterized by natural grass species that vary depending
on the vegetation category, such as tussock grasses, puna grass, and
wetlands. Also, these areas support the local fauna and provide
forage for livestock, especially cattle, alpacas, vicunas, and sheep,
which are vital to local economies (Mamani et al., 2013; Estrada
et al,, 2023; Yaranga et al., 2024). However, an extensive part of the
grasslands is in a degradation process (Mamani et al, 2013).
Although, there are already some grassland conservation and
preservation areas in Peru such as the National Sanctuary of
Ampay, upcoming conservation efforts are urgently required
(Tovar et al., 2012; Soto et al., 2024).

Grasslands offer essential habitats for A. mellifera by providing a
diverse range of flowering plants that supply nectar and pollen
throughout the growing season (Figure 5), ensuring a stable food
source for various bee species (Kimoto et al., 2012). The structural
elements of grasslands, such as a mix of grasses, herbs, and
undisturbed areas, offer important nesting sites and protection
from predators and extreme weather conditions, and more diverse
and abundant floral resources (Ockinger and Smith, 2007; Smith
et al,, 2016). This diversity of food and habitat supports the health
and survival of bee populations, which are crucial for maintaining
the ecological balance of these ecosystems (Smith et al., 2016;
Albrecht et al., 2023).

Additionally, grasslands play a significant role in agricultural
systems by serving as buffer zones between agricultural fields and
natural habitats (Figure 6), reducing the impact of intensive farming
practices on bees (Albrecht et al., 2023). Grasslands also provide
pollination services to nearby crops, enhancing agricultural pro-
ductivity and food security (Tanda, 2022). Conservation and
sustainable management of grasslands are vital for preserving
these habitats, ensuring that bees continue to thrive, and supporting
ecosystem health and agricultural systems (Keyser et al., 2022).

The impact of pollination on agriculture is profound, as
pollinators are essential to produce many crops that contribute to

« In Peru, bees contribute to the diversity of local
orchids

* Bee are linked to the rich diversity of endemic
plants in the Andean Mountains

« Feces, death of individuals, and pollen
breaks down into nitrogen for plants.

* Soil organisms and pollinators enhance
soil fertility and boost crop production

« Food crops depend on bee pollination
* Bee products have the potential to be used
in the food industry

* Wax, honey and pollen can serve as bioindicators of
environmental disturbances

* Also, they can be used as preserving and for the
treatment of some diseases
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human diets (Wendee, 2015). The decrease in pollinator popula-
tions presents a major risk to global food systems, impacting crop
yields and nutritional quality (Devkota et al., 2024; Brunet and
Fragoso, 2024). Pollinators, particularly A. mellifera, are crucial for
the reproductive success of many crops. For instance, in Jalisco,
Mexico, watermelon (Citrullus lanatus) and green tomato (Solanum
lycopersicum) crops showed a complete lack of fruit production
without pollinators, highlighting their dependency on these services
(Delgado-Carrillo et al., 2024).

In Peru, A. mellifera are essential for pollinating several key
crops, significantly impacting agricultural productivity and quality.
For instance, coffee (Coffea arabica) and cacao (Theobroma cacao)
plants rely heavily on bees for effective pollination, which enhances
fruit set and quality, which is crucial for the country’s major coffee
and chocolate industries (Jezeer and Verweij, 2015; Vansynghel
et al,, 2023). Furthermore, bees aid in fertilizing various fruits, such
as camu-camu (Mpyrciaria dubia) and tomato (Solanum
lycopersicum), enhancing the yield and quality of these crops
(Rick, 1958; Peters and Vasquez, 1987; Sousa et al., 2021).

7 Knowledge gaps identified

The synthesis revealed important gaps in the current state of
knowledge regarding A. mellifera in Peru. The most notable

gaps are:

* Inregions such as La Libertad, Amazonas, Cajamarca, Lima,
and Junin, various studies have been conducted on A.
mellifera; however, priority should be given to studies in
regions with no studies or fewer than five. We encourage
research and government institutions to prioritize research
initiatives in these areas.

* Information on honey, V. destructor, pollen, beeswax, hygi-
enic behavior, production, and conservation was addressed
in the studies found. However, limited information is
available on pollination networks, plant-pollinator interac-
tions, ecosystem-level services, pollinator landscape ecology,
and few studies have quantified the economic value of
pollination services for Peruvian agriculture.

These gaps highlight the need for future multidisciplinary
research to improve under-standing of bee diversity, ecosystem
services, and conservation priorities in Peru.

8 Limitations and perspectives

This review has limitations, as the evidence base consists
primarily of unpublished undergraduate theses, which could influ-
ence the conclusions. The available literature shows a strong bias
toward A. mellifera, limiting the representativeness of the conclu-
sions regarding the overall diversity of native bees and wild
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pollinators in Peru. The uneven geographic distribution of research
efforts highlights significant regional biases that may affect the
national representativeness of current knowledge.

Future research should prioritize comprehensive assessments of
native bee diversity, pollinator-plant interactions, and ecosystem
services using standardized monitoring approaches. Strengthening
national research networks and long-term biodiversity monitoring
programs will be essential to reducing geographic and taxonomic
knowledge gaps. Furthermore, integrating scientific evidence with
public policies, conservation strategies, and sustainable beekeeping
practices will be crucial to improving pollinator protection and
promoting resilient beekeeping systems in Peru.

9 Conclusions

A. mellifera are vital to the ecological and agricultural health of
Peru, playing an essential role in pollinating a wide range of native
plants and key crops such as coffee, cacao, and tomato, which are
critical to the country’s economy. However, they face a myriad of
threats, including habitat loss from deforestation and agricultural
expansion, pest infestations, pesticide exposure, and the accelerat-
ing impacts of climate change. These challenges, compounded by
gaps in scientific understanding, underscore the urgent need for
sustainable land management practices and the preservation of
critical habitats like grasslands. Effective conservation strategies,
grounded in comprehensive research, are crucial to ensuring the
survival of A. mellifera, which in turn will safeguard both biodiver-
sity and agricultural productivity in the region.
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